The observation of spontaneous ionic currents in sea urchin protractor muscle
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Introduction
Echinoids, better known as sea urchins, are a common
sea dwelling animal of the phylum Echinodermata. These
small creatures are best known for their globular shape and
spiny exterior. The retraction and protraction of tubular
projections called tube feet give sea urchins motility and to
some extent grant degrees of light sensitivity (Marconi,
Stivale, Shah & Shelley, 2019). As a model organism, sea
urchins have long been used (Gustafson & Wolpert, 1963).
The nervous system of adult echinoids consists of a
pentaradial circle of nerve cords that join at the mouth, which
is the central structure of the organism (Cobb, 1970). Of
interest for this present study is the Strongylocentrotus
Figure 1. Picture of Strongylocentrotus purpuratus.
purpuratus sea urchin (see Figure 1).
The main internal component of the Strongylocentrotus purpuratus urchin and other regular sea urchins is
the Aristotle’s Lantern, which is a complex structure of muscle, bone and connective tissue (see Figure 2). The
primary function of the lantern serves as a masticatory system, although its subcomponent, the compass system
(CS), has other functions. The CS is involved mainly as a respiratory agent to oxygenate the lantern muscles by
raising and lowering the compass elements. The lantern muscles include the extrapyramidal, retractor, postural,
and protractor muscles; all of which are involved in mastication. There are 10 protractor muscles which extend
from the epiphyses to the medial interambulacral parts of the perignathic girdle (Ziegler et. al, 2012).
Although the function of the protractor muscle is
known, there are no studies looking at the ionic
underpinnings of protractor cells. In fact, there have
been no studies on sea urchin muscle that have looked
at the ions involved in resting membrane potential and
general trans-membrane current. To study this under
researched area, we made use of electrophysiology,
and patch clamp techniques specifically. Two methods
of patch clamp electrophysiology were utilized; cell
attached and whole cell electrophysiology. Patch
clamp electrophysiology is a tool for understanding
ion channel behavior via changes in observed
electrical activity based on fluctuations in ion currents.
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Perfusion system solutions
The perfusion system consisted of two 50 ml syringes that contained control ASW and reduced potassium ASW
respectively. Solution was transferred to the cell dish via gravity assisted merging tubes. ASW control solution was made
containing 9.4 mM CaCl2, 437 mM NaCl, 9 mM KCl, 22.9 mM Cl2Mg · 6H2O, 25.5 mM MgSO4, and 2.1 mM NaHCO3.
Reduced potassium solution was made with 9.4 mM CaCl2, 437 mM NaCl, 4.5 mM KCl, 4.5 mM Tetraethylammonium
chloride, 22.9 mM MgCl2 · 6H2O, 25.5 mM MgSO4, and 2.1 mM NaHCO3.

Data analysis
Lists of instantaneous frequency (IF), peak amplitude (PA), decay tau (DT), rise
tau (RT), and event area (A) were created after completing a template search
based on examples of spontaneous events. Raw data after a template search was
used in calculating the means and standard error of the mean (SEM) of IF, PA,
DT, RT, and A. Two tailed, two sample heteroscedastic T-Tests were conducted
in Excel to determine any significant differences between control and perfusion
conditions. Statistical significance was defined as P ≤ 0.05. Recorded patches
with over 10% missing events after template search were excluded from
analyses. In addition, patches with fewer than 250 observed events were also
excluded. Standard error of the mean and averages were calculated with
differing exclusionary criteria to eliminate electrical artifacts.

Figure 3. Whole cell patch
clamp Jones (1990)

Figure 2. Picture of dissected sea urchin. Seen in picture is the
Aristotle’s lantern and the surrounding muscle, bone and tissue.
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Figure 7. Values for amplitude, rise/decay tau, area, and frequency (mean ± SEM). P-values
calculated between ASW and reduced K+/TEA extracellular solution are presented. Statistical
significance was defined as P ≤ 0.05

currents recorded in the cell attached configuration with a
pipette potential of +80 mV. Upward deflections indicate
channel openings.
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Strongylocentrotus purpuratus
Sea urchins were transported from California and kept in 12-degree Celsius circulating aquariums in ASW.
Urchins were fed and tanks were cleaned twice weekly. Food consisted mostly of carrots.
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Protractor muscle cell isolation
In isolating cells from the protractor muscle of the S. Purpuratus, a whole urchin was separated laterally along
the transverse plane. After washing and removing excess debris from the Aristotle’s Lantern, each of the 10
protractor muscles were excised, being careful to avoid including the compass depressor. Protractor muscle was
then digested for 2 hours on an orbiting mixer. Digestion solution contained artificial sea water (35 PPT) and 2
mg/ml glucose, 0.012% (w/v) elastase, 0.037% (w/v) trypsin inhibitor and 0.1% (w/v) collagenase. After
digestion, solution was refluxed then pelleted by centrifugation and re-suspended in an Artificial Saltwater and
Glucose 2 mg/ml solution. Cells were then distributed to Poly Lysine coated plates containing 10,000 u/ml
penicillin, 0.1 mg/ml streptomycin and 50 ug/ml gentamicin. Cells were used in experiments within 3-4 days
after isolation.
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Prior to this semester, use of cell attached and whole cell patch clamp yielded observed ionic current
induced electrical activity from protractor muscle cells. In addition, a single channel recording was collected.
The addition of a perfusion system allows for the exchange of extracellular solution (EC) to see whether
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changes in the concentrations of ions in the EC affects the observed electrical events that correspond to changes
in membrane currents. Whole cell patch clamp would allow for the measurement of changing membrane current
in the protractor muscle in response to changes in the extracellular solution. The ability to interchange solutions
means that changes in measured electrical activity can be attributed to specific ions. Identifying the ionic
currents that control protractor muscle functioning can lead to valuable novel insights into urchin anatomy and
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Due to the ubiquity of potassium’s role in many ion channels, potassium deficient and Tetraethylammonium
chloride (TEA) enriched extracellular solution was used to assess any changes in the ionic current activity on the Figure 4. Examples of raw current traces collected in WinEDR. Events in control EC had a downward (negative)
deflection. Events in reduced K+ had upward (positive) event potentials.
protractor muscle membrane. The choice to include TEA in reduced potassium EC was due to its inhibitory role
in potassium channel activity. The focus of this study was to see whether marked changes occurred in either
Figure 5. Spontaneous currents recorded from a S.
A
peak amplitude, rise tau, decay tau, instantaneous frequency, and electrical event area, corresponding to ionic
purpuratus muscle fiber. (A, B) Whole cell patch clamp
activity, between control and reduced potassium conditions. Differences between these conditions could
recording shown at two different time scales. The membrane
delineate the role of potassium in protractor muscle functioning.
potential was voltage clamped at −40 mV. (C) Single channel

Poly D Lysine coated cell plates
Poly-lysine (PL) coated plates were used to store cells for electrophysiological recordings. The lysine created an
adhesive surface that kept cells in place during electrophysiological recordings. Plates were made with a
working solution of 50 μg/ml PL in filtered artificial sea water, with a recorded salinity matching that of urchin
saltwater (~35 PPT). Plates were covered with working solution and let sit for several hours at room temperature
to ensure a coating of PL was formed on the dish surface. Plates were first rinsed with and then stored in PBS to
prevent drying.

peak amplitude, rise/decay tau, and
frequency between control, area and
reduced potassium/TEA extracellular
solutions. Control recordings n=4,
reduced K+/TEA n=3.
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Artificial saltwater recipe
ASW was made using Instant Ocean (IO) sea salt. 680 g of IO was combined with 5 gallons of deionized water.
To ensure consistent saline conditions, the salinity of new ASW was compared and adjusted to match the salinity
of existing sea water in urchin holding tanks. Salinity of ASW in the aquarium was ~35 parts per thousand
(PPT).

Figure 6. (A,B,C,D,E) Mean ± SEM of

Whole cell patch clamp recording
Whole cell recordings were accomplished by first establishing a cell attached patch with the cell (see Figure 3). Once cellattached was achieved, holding voltage was adjusted via the Patch Clamp PC-505B amplifier to -40 mV and pipette
capacitance was reduced using fast capacitance compensation. Membrane breakthrough was achieved via negative manual
air pressure and 10 ms of 1.5 mV zap function. Once a membrane hole was made, capacitance was reduced using C-slow
and Series-R then percent correction was turned on (~70%).
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The observation of both negative and positive event potentials indicates the flow of charged ions
into and out of the cell via channels along the cell membrane. Broadly speaking, this means that ions
were observed flowing into and out of the protractor muscle cell. Furthermore, because events changed
direction depending on the EC condition, suggests that alteration of the extracellular solution affected
the electrochemical gradient of the cell.
By nature, cells differ in terms of current amplitude, which results in some recordings having larger
or smaller events. Cells with greater amplitudes either have more ion channels opening and closing or
there is a greater exchange of ions between the inter/extracellular regions. This could explain the
variability seen in amplitude between ASW (-91.4 pA ± 48.9 pA) and reduced potassium/TEA (297.7
pA ± 258.4 pA) EC, suggesting that there was either a change in the number of channels opening or a
change in the amount of ions passing through the membrane. This variability is also supported by the
difference seen in event area between ASW (823.6 pA⋅ms ± 478.1 pA⋅ms ) and reduced K+/TEA (4708
pA⋅ms ± 4465.3 pA⋅ms). Due to the similarity for rise tau (14.5 ms ± 4.7 ms; 10.5 ± 4.3 ms) and decay
tau (14.8 ms ± 2.3 ms; 19.1 ms ± 6 ms) between both EC conditions, means that amplitude is the main
variable factor.
Due to the observance of spontaneous currents, including single channel currents, we have proven
the viability of cell attached and whole cell patch clamp on the S. purpuratus protractor muscle (see
Figure 4 & 5). The introduction of a perfusion system has allowed us to examine any differences in
current activity between control ASW and reduced K+/TEA extracellular solution.
Future directions should focus on delineating the specific ions that are at work in the protractor
muscle. Specifically to further uncover why events changed direction based on EC. This would include
further studies incorporating K+/TEA deficient EC. However, the introduction of extracellular
solutions with differing ionic concentrations other than K+ would be the next logical step beyond
further study of reduced potassium/TEA. Possible ion choices include reduced Na+ or Ca2+ solutions,
because of their pronounced roles in muscle functioning cross species.
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