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ABSTRACT

Sea anemone toxins bind to site 3 of the sodium channels, which is partially formed by the extracellular
linker connecting S3 and S4 segments of domain IV, slowing down the inactivation process. In this work
we have characterized the actions of Bclll, a sea anemone polypeptide toxin isolated from Bunodosoma
caissarum, on neuronal sodium currents using the patch clamp technique. Neurons of the dorsal root
ganglia of Wistar rats (P5-9) in primary culture were used for this study (n = 65). The main effects of Bclll
were a concentration-dependent increase in the sodium current inactivation time course (ICsg = 2.8 M)
as well as an increase in the current peak amplitude. Bclll did not modify the voltage at which 50% of the
channels are activated or inactivated, nor the reversal potential of sodium current. BcIll shows a voltage-
dependent action. A progressive acceleration of sodium current fast inactivation with longer
conditioning pulses was observed, which was steeper as more depolarizing were the prepulses. The
same was observed for other two anemone toxins (CgNa, from Condylactis gigantea and ATX-II, from
Anemonia viridis). These results suggest that the binding affinity of sea anemone toxins may be reduced

in a voltage-dependent manner, as has been described for a-scorpion toxins.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Voltage-gated sodium channels (Na* channels) are integral
membrane proteins which consist of an a-subunit (able to form
functional ion channels when expressed in Xenopus oocytes) and
two auxiliary subunits, 31 (or $3) and 32. The a-subunit has four
homologous domains (I-1V) forming a ion pore; each domain has
six transmembrane segments (S1-S6); the S4 transmembrane
segments act as voltage sensors [6]. The intracellular loop between
domains IIl and IV has been related with the fast inactivation gate,
blocking the conduction pathway following channel activation [6].

A diversity of toxins and chemicals are known to either block or
modulate Na* channels by binding to specific receptor sites. At
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least six neurotoxin receptor sites have been identified on the
mammalian sodium channel [5,45]. Among them, receptor site 3 is
a macrosite that involves the extracellular loops IS5-S6, IVS3-54,
and IVS5-S6 of the ionic channel with an important participation
of the glutamic acid in position 1613 (rat brain Na* channel) [35] or
the aspartic acid in position 1612 (rat cardiac Na* channel) [1].

The family of site-3 neurotoxins comprise a structurally diverse
group of peptide toxins isolated from scorpions [4,25,33], sea
anemones [28,30], spiders [18,24], and wasps [23,36]. These
compounds increase the action potential duration by slowing
down the time course of the sodium channel fast inactivation
[32,37,40,41]. The binding affinity of site-3 toxins is decreased by
depolarization [4,16], and several electrophysiological studies
have shown that the dissociation rate of a-scorpion toxins is
voltage-dependent [3,4,7,14,26,27,34,35,46,49]. A similar voltage-
dependent dissociation for sea anemone toxins has been reported
[49,46], however this has been a less explored characteristic of sea
anemone toxins.

In this work we studied the electrophysiological effects of Bclll
(from the sea anemone Bunodosoma caissarum), a sodium channel
site-3 toxin, on macroscopic currents of rat dorsal root ganglia
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(DRG) neurons. We found that under saturating concentration of
the toxin, Bclll unbind from its receptor site in a voltage-dependent
manner. Finally, we compare this latter result with those obtained
in the presence of two other site-3 neurotoxins, CgNa (from
Condylactis gigantea) and ATX-II (from Anemonia sulcata, now
called A. viridis).

2. Materials and methods
2.1. Biological materials

Wistar rats at postnatal day 5-9 of either gender were used for
the experiments. Animal care and procedures were in accordance
with the National Institutes of Health Guide for the Care and Use of
Laboratory Animals and the Reglamento de la Ley General de Salud
en Materia de Investigacion para la Salud of the Secretaria de Salud of
Mexico. All efforts were made to minimize animal suffering and to
reduce the number of animals used, as outlined in the “Guide to the
Care and Use of Laboratory Animals” issued by the National
Academy of Sciences.

2.2. Toxins

Bclll and CgNa were isolated and purified from the sea
anemones B. caissarum and C. gigantea as previously described
[31,44]. ATX-IIl was a gift from Professor L. Beress (Kiel, Germany).
Aliquots of stock solution (200 wM) in deionized water were
prepared and stored in a freezer (—20 °C). Before each experiment,
an aliquot was dissolved in the perfusion solution.

2.3. Cell preparation

Young Wistar rats (P5-9) of either gender were anesthetized
with ether and decapitated. DRG neurons were isolated and
cultured according to the procedure described previously [37]. In
order to guarantee the viability of the cells under study and to
assure adequate spatial clamp, the neurons for recording were
selected to have a rounded or oval shape, not to be adhered to other
cells or to show any neurite outgrow, and to be refringent under
the phase-contrast microscope.

2.4. Electrophysiological recording

A coverslip with attached neurons was transferred to a 500 .l
perfusion chamber mounted on the stage of an inverted phase-
contrast microscope (Nikon Diaphot, Tokyo, Japan). Cells were
bathed with an external solution containing 20 mM NaCl, 1 mM
MgCl,, 1.8 mM CaCl,, 45 mM TEA-Cl, 70 mM choline chloride,
10 mM 4-aminopyridine, and 5 mM HEPES (pH 7.4 adjusted with
HCl). Osmolarity was monitored by a vapor pressure osmometer
(Wescor, Logan, UT) and adjusted to 290 mOsm using dextrose.

A gravity-driven perfusion system maintained the external
solution flowing into the chamber at a rate of about 100 p.l/min. A
pair of glass capillaries placed approximately 40 jwm above the cell
under study continuously microperfused (10 wl/min) external
solution or external solution plus toxin.

Patch pipettes were pulled from borosilicate glass capillaries
(TW120-3; WP, Sarasota, FL), using a Flaming-Brown electrode
puller (P80/PC; Sutter Instruments, San Rafael, CA). They typically
had a resistance between 1 and 2.5 M{) when filled with the
internal solution which was composed as follows: 10 mM NaCl,
100 mM CsF, 30 mM CsCl, 10 mM TEA-Cl, 8 mM EGTA, and 5 mM
HEPES (pH 7.2 adjusted with CsOH; osmolarity = 300 mOsm).

The whole-cell patch clamp technique was used to record ionic
currents with an Axopatch-1D amplifier (Molecular Devices,
Sunnyvale, CA). Command pulse generation and data sampling

were controlled by the PClamp 8.0 software (Molecular Devices)
using a 16-bit data acquisition system (Digidata 1320A, Molecular
Devices). Signals were low-pass filtered at 5 kHz and digitized at
20 kHz. Leakage and capacitive currents were digitally subtracted
using the P-P/n method; capacitance and series resistance (80%)
were electronically compensated. In the time course of an
experiment, seal and series resistance were continuously moni-
tored to guarantee stable recording conditions. Experiments were
made at room temperature (22-25 °C).

Experiments were rejected when, at the maximum peak
current, the voltage error exceeded 5 mV after compensation of
series resistance. No corrections were made for smaller values.

DRG neurons express a mixture of two sodium current (Iy,)
subtypes: tetrodotoxin-sensitive (TTX-S; K; = 0.3 nM) and tetrodo-
toxin-resistant (TTX-R; K;= 100 wM). The type of Iy, in the cell
under study was determined before each experiment and only
those cells with <10% TTX-R Iya,, as derived from a steady-state
inactivation profile, were used to determine the effects of Bclll on
TTX-S Ina-

It has been reported that both activation and steady-state
inactivation curves are shifted over time in whole-cell patch clamp
experiments [17,29]. In order to minimize the effects of time-
dependent shifts on our results, recordings were not initiated until
10-15 min after the whole-cell configuration was obtained.

2.5. Data analysis

Recordings were analyzed off-line with PClamp 8.0 and Origin
8.0 (OriginLab Corporation, Northampton, MA) software. Statistical
differences were determined using a Student’s t test with a
significance level of P < 0.05. Numerical data are presented as the
mean + SEM for at least four measurements, unless otherwise stated.

Concentration-response curve was obtained by measuring the
time constant of the inactivation (t) in sodium currents elicited by
a single-step voltage protocol, where 40 ms depolarizing test
pulses to —20 mV were applied from a holding potential (V},) of
—100 mV every 8 s. Data were then plotted as a function of toxin
concentration and fit by the following function: y = A; + (A; — A1)/
(1 + 10081650 =x) < Py "\where A, is the y value at the bottom
plateau, A, is the y value at the top plateau, log ICsg is the x value
when the response is halfway between A, and A,, and p is the Hill
slope.

Current-voltage relationships and availability curves were
constructed using a standard double-pulse protocol in which, from
a holding potential of —100 mV, a 40 ms test pulse to —20 mV was
preceded by 40 ms prepulses between —120 and 70 mV at a
stimulus rate of 0.125 Hz. The peak amplitudes of the currents
were measured at the prepulse and converted to sodium chord
conductance using the following equation: Gna = Ina/(Viest — Viev),
where Gy, is the sodium conductance, Iy, is the sodium current
peak amplitude, Vi is the test potential and Vi, is the reversal
potential for the sodium current.

The steady-state inactivation curve (h.) was calculated by
dividing the current at a given prepulse by the maximum current
achieved in the test pulse (I/Imax) and plotted as a function of the
prepulse potential. Both steady-state activation and inactivation
data were then fitted by a Boltzmann function.

To explore the state of the sodium channel on which BcllI exert
their actions, two depolarizing trains of 200 pulses to —20 mV from
a V}, of =100 mV (pulse duration of 40 ms, pulse interval of 200 ms)
were applied. Between the first (control) and the second (test)
trains there was a rest period of 1 min, during which the cell was
held at a V;, of —100 mV and perfused with 10 .M BclIL

Dissociation kinetics was measured with double-pulse proto-
cols. From a V}, of —120 mV, a conditioning dissociation pulse to 0,
+60 or +100 mV with increasing durations was applied, returning
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to —120 mV for 20 ms. Iy, current was then elicited with a test
pulse to —20mV. In order to normalize the change in the
maximum current amplitude and to quantify the degree of
inactivation removal by the toxin, the ratio between the current
at 5 ms after the start of the depolarization and the peak current
(Is ms/Ipeak) Was calculated. Is ms/lpeak gives an estimate of the
probability for the channels not to be inactivated after 5 ms [14]: a
zero value means full inactivation, a value of one means no
inactivation. The average values of Is5ms/lpeax from several
experiments were plotted as a function of the conditioning pulse
duration and fitted with a single-exponential function to obtain the
dissociation time constants (Tog).

3. Results

A total of 65 neurons were successfully patch-clamped for a
sufficient time to allow the study of the action of Bclll. The
capacitances of these cells formed a unimodal histogram with a
mean of 53.6 + 12.2 pF, which corresponds to a cell diameter of
about 41 pm.

The change in peak amplitude, and the activation and
inactivation time constants were calculated for Iy, before and
about 2 min after toxin perfusion, time at which the maximum
effect was reached. Concentration-response curve was built using
0.3,1,3 and 10 M BclIL. For the rest of the experiments we used a
10 M toxin concentration because it was the concentration at
which the maximum effect was obtained.

The inactivation time course of the sodium current was well
fitted by a single-exponential function (correlation coefficient
>95%). Applying the single-step voltage protocol described in
Section 2.5, the main effect of Bclll (10 wM) was a significant
increase (n=5; P < 0.05, Student’s t test) on 1, of 49.2 + 7.3%; this
effect was concentration-dependent with an ICsg=2.8 +0.02 pM
and a Hill slope coefficient of 0.76 + 0.04 (n = 20) (Fig. 1). In addition,
Bclll (10 wM) produced a significant increase (n=5; P < 0.05,
Student’s t test) in the current amplitude of 41 & 12%. The maximum
effect of BcIll on 7y, occurred within the first 2 min after perfusion with
toxin. Washout (5 min) removed 89 + 3% of its effect (10 wM). The
toxin did not affect the time course of Iy, activation.

Current density versus voltage curves were obtained from
current-voltage relationships by normalizing ionic current ampli-
tude as a function of membrane capacitance (Fig. 2). Under control
conditions (n = 5), the maximum current density (—93.4 & 15.9 pA/
pF) was achieved at —20 mV. Perfusion with 10 wM Bclll significantly
increased the maximum current density (—132.0 + 15.8 pA/pF; n =5;
P < 0.05, Student’s t test). The increase in the current density caused
by Bclll was statistically significant in the voltage range between —20
and +10 mV. Bclll (10 wM) did not produce any significant change in
the reversal potential of Iy,.

The sodium current chord conductance could be fitted by a
Boltzmann function yielding half-maximal activation potential
(V12 act) of —30.8 0.9 mV under control conditions (n=>5), and
-32.6 £1.6mV in the presence of 10 wM Bclll (n=5). The
calculated slopes were 6.5 +0.4 and 5.3 + 0.6 mV, respectively
(Fig. 3A). These differences were not statistically significant
(P > 0.05, Student’s t test).

Steady-state inactivation profiles before and after Bclll (10 M)
were obtained with the double-pulse protocol detailed in Section
2.5. I/Imax versus voltage curves were fitted by a Boltzmann
function. It was found that Bclll caused a nonsignificant
hyperpolarizing shift in the half-maximal inactivation potential
(V12 inact) from —60.1 &+ 0.5 mV under control conditions (n=5) to
—64.8 + 2.4 mV in the presence of the toxin (n=5). The calculated
slopes were 10.5 + 0.5 and 12.7 £+ 2.1 mV, respectively (Fig. 3B).

To explore the state of the sodium channel on which Bclll exerts
its action, two voltage pulse trains separated by a rest period were
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Fig. 1. Bclll increased the inactivation time course and the peak amplitude of
sodium current. (A) Representative experiment showing the effects of 10 wM Bclll
about 1 min after toxin perfusion. Currents were elicited by a single-step voltage
protocol in which test pulses to —20 mV were applied from a V}, of —100 mV every
8 s In this and the following figures, the dotted line indicates the zero current level.
Left inset is a zoom showing the increase in the current amplitude. Right inset
shows the mean 10 wM Bclll effect on the inactivation time constant and its
recuperation after toxin washout. (B) Concentration-response curve of the effect of
Bclll (n=20) on ty,. Data were fitted (solid line) by a dose-response function
yielding an ICso of 2.8 + 0.02 wM. In this and following graphs, the points represent
the mean = standard error of the mean and the asterisks denote significant effects with
respect to control: **P < 0.01, *P < 0.05.

applied (see Section 2.5). The inactivation time constant of the
sodium current evoked by each pulse was plotted against the pulse
number (Fig. 4). In control conditions 7, remained relatively
constant during the first 200 pulses. In contrast, 7, of the ionic
current produced by the first test pulse increased by 52.1 + 11.6%
following Bclll application, effect that was statistically significant
(n=3; P<0.05, Student’s ¢ test). The effectiveness of Bclll did not
increase by the remaining test pulses.

To investigate the possibility that Bclll (10 wM) may unbind
from its receptor site in a voltage-dependent manner, a protocol of
depolarizing prepulses with increasing durations was applied. The
extent of fast inactivation removal was quantified by calculating
the ratio Is ms/Ipeak. It was found that the rate of displacement was a
function of the amplitude and duration of the prepulses, showing a
progressive acceleration of fast inactivation with longer condi-
tioning pulses (2.5-1000 ms) (Fig. 5). When prepulses to 0, +60 or
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Fig. 2. Effects of Bclll on the current density versus voltage curve. (A) Sodium
currents produced at different potentials (for clarity, only the first 4 ms of each
record is presented) in the absence (top) and in the presence (bottom) of 10 uM
BclIl. Currents were produced by 40 ms voltage pulses to the potentials indicated on
top from a holding potential of —100 mV. Bclll affected the currents at all the shown
voltages. (B) Current density versus voltage relationships (n = 5). Perfusion with
10 M Bclll (closed circles) did not produce significant changes either on the
voltage at which the maximum current density was reached or on the reversal
potential.

+100 mV were applied, the values of ¢ were 285 + 42, 164 + 13,
and 113 + 8 ms, respectively (n = 3).

The kinetics of toxin dissociation has been studied for «-
scorpion toxins, but it has been less explored for sea anemone
toxins. Therefore, an interesting issue is to determine whether the
effect of other site-3 anemone toxins may be decreased by
depolarizing prepulses or, ultimately, whether they may be
removed from its receptor site as consequence of strong
depolarization. Thus, we decided to test whether the effects of
two other known site-3 neurotoxins (CgNa, from C. gigantea and
ATX-II, from A. sulcata (A. viridis)), at saturating concentrations, are
decreased during depolarization. It was found that the values of Ty
were, for CgNa (10 wM, n=3): 457 £ 55 and 265 +33 ms for
conditioning prepulses of 0 and 60 mV, respectively; and for ATX-II
(10 M, n = 3): 347 + 44 and 185 + 20 ms (data not shown). Results
show that these toxins also have a voltage-dependent dissociation
kinetics.?

4. Discussion

In the present study the effects of the toxin Bclll, purified from
the venom of the sea anemone B. caissarum, on the sodium currents
in rat dorsal root ganglion cells were investigated using the whole-

2 In our experimental conditions, the viability of the neurons was greatly reduced
when long prepulses at +100 mV were applied. For this reason, and because our
supply of toxins was limited, CgNa and ATX-II were not tested at this voltages.

cell patch clamp technique. The main action of Bclll on these
neurons was a slowing of the inactivation process of sodium
current, with no significant effects on activation kinetics. Action of
Bclll on Iy, was dependent on the concentration with an ICsq of
2.8 £0.02 wM. Bclll showed a voltage-dependent action on the
slowing of the inactivation kinetics.

The increase in the inactivation time constant 7, is the most
notorious effect exerted by site-3 toxins [32,40,41]. The slowing of
inactivation in the presence of Bclll is consistent with the idea that
site-3 toxins destabilize the inactivated state of the sodium
channels. The effect of Bclll in our experiments was almost totally
removed by washout (5 min), in agreement with the data reported
by other authors about the reversibility of the effects of sea
anemone toxins upon vertebrate or insect Na* channels [2,9,40], in
contrast with the irreversible toxicity on crustacean Na* channels
[40].

Many gating models predict that the peak Na* current would be
greater when inactivation is slowed or removed. Our results are in
accordance with this prediction since Bclll increased the maximum
Na® current amplitude at all test potentials. It has been
demonstrated that scorpion a-toxins like Lgh-II, Lgh-III, and
LghalT (purified from Leiurus quinquestriatus hebraeus) increased
the peak Na* currents of the rat skeletal muscle sodium channels
[14]. This effect could be a consequence of a prolonged open time of
individual Na* channels. However, other site-3 toxins do not affect
the peak sodium current or even decrease it. For example, many
scorpion «-toxins only slightly increase or decrease the peak
currents of Na* channels [19]. The same has been observed for ATX-
Il and LqTx (from the scorpion L. quinquestriatus) when applied on
Na,1.2 channels [35]. Similarly, the sea anemone toxins Bgll, BgIIl
(both from Bunodosoma granulifera), ApC (from Anthopleura
elegantissima) and CgNa (from C. gigantea) did not affect the
current amplitude when applied to DRG neurons [37-39].
Therefore it is possible that some site-3 toxins may also produce
some degree of channel blockade.

Perfusion with Bclll did not produce a significant change in the
reversal potential, which indicates that the ion selectivity of Na*
channels is not altered by this toxin. This is a marked difference
with respect to the actions of site-2 toxins such as batrachotoxin,
which also remove inactivation but significantly decrease the
selectivity of the sodium channel [22,47].

In previous works [37-39] we have shown that other anemone
toxins, when applied to DRG neurons, shifted the steady-state
inactivation curve to hyperpolarizing values and caused a decrease
in the voltage dependence of sodium channel inactivation by
increasing the slope factor of the h,, curve. This latter effect has
been also observed with site-3 toxins from scorpions [14], and
wasps [36]. In the present work we have found that, in the presence
of Bclll, there was a consistent tendency to shift to the left (i.e., to
more hyperpolarized potentials) the voltage at which half of the
channels are inactivated; however, this change was not statisti-
cally significant. The absence of effect on Vi3 inacc iS not an
exclusive property of Bclll: ATX-II does not induce a significant
shift of the h,. curve when applied on hH1 (human heart subtype 1)
or rSkM1 (rat skeletal muscle subtype 1) Na* channels [11]. Thus,
some of the effects of site-3 toxins could be highly dependent on
the sodium channel isoform and not on the characteristics of the
toxins themselves. In fact, two previous studies about the actions
of three anemone toxins (including Bclll) on different Na™ channels
subtypes (from Na,l1.1 to Na,1.7) have shown differences in
the manner in which each toxin affect the diverse isoforms of the
voltage-gated sodium channel, including their actions on the
steady-state voltage-dependent inactivation [31,48].

To explore the state of the sodium channel on which BclII exert
its effects, a post-resting voltage protocol was applied. In the
presence of the toxin, the 7y, of the current elicited by the first pulse
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Fig. 3. Effects of Bclll on the voltage-dependence of Iy, conductance and steady-state inactivation. (A) G/Gmax (normalized conductance) versus voltage curves before and after
10 M BclIl. Continuous curves were obtained by fitting the data with a Boltzmann function yielding half-maximal activation of —30.8 & 0.9 mV under control conditions
(n=5),and —32.6 + 1.6 mV in the presence of 10 wM Bclll (n = 5). The calculated slopes were 6.5 & 0.4 and 5.3 + 0.6 mV, respectively. (B) Steady-state inactivation before and after
10 M Bclll. The steady-state inactivation parameter (h..) was determined using the two-pulse protocol described in Section 2.5. Bclll caused a nonsignificant hyperpolarizing shift
in the half-maximal inactivation potential from —60.1 4 0.5 mV under control conditions (n = 5) to —64.8 + 2.4 mV in the presence of the toxin (n = 5). The calculated slopes were

10.5 + 0.5 and 12.7 + 2.1 mV, respectively.

after a rest period increased as compared to the t;, measured in the
control train. This result indicate that Bclll has a high affinity for
the closed state of the channel, as has been suggested for other site-
3 toxins [13,14,39] and, accordingly, the toxin shows no preference
for the sodium channel in the open state.

It has been reported that the binding affinity of site-3 toxins is
decreased by depolarization [4,16], and a number of electrophysi-
ological studies have shown that the rate at which a-scorpion
toxins dissociate from its receptor site is voltage-dependent
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(B) 70-
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40
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Increase in 1, (%)

20 4

10 +
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Pulse number

Fig. 4. Bclll acts on voltage-gated sodium channels in the closed state. (A) The toxin
was applied at the beginning of the rest period (1 min) represented by the break. (B)
Temporal course of the inactivation time constant 7, in a typical experiment. The
maximum effect of Bclll was already evident from the first pulse after the rest
period. The bar indicates perfusion with 10 wM BclIl.

[3,4,7,14,26,27,34,35,46,49]. Only a few of these works have shown
an analogous voltage-dependent dissociation for sea anemone
toxins (generally for ATX-II, from A. viridis [46,49]), and since it has
been proposed that nonidentical amino acids of the IVS3-S4 linker
in the Na* channel participate in a-scorpion and sea anemone
toxins binding to overlapping sites [35], a question to be answered
is whether sea anemone toxins may also be removed from its
receptor site as a consequence of depolarization. It was found that,
with some quantitative differences probably attributable to the
charge of the toxin molecules, the effect of Bclll, CgNa and ATX-II
on 1, was progressively decreased with longer conditioning pulses,
and that the acceleration of fast inactivation was steeper as more
depolarizing were the prepulses. As has been pointed elsewhere
[13], several factors may affect the toxin affinity to voltage-gated
Na® channels including the channel activation, fast and slow
inactivation and membrane voltage. In our experiments Bclll did
not affect the channel activation and hence there is only a small
probability of a direct coupling between the toxin binding and the
molecular substrate of Na* channel activation. Toxins could be
removed by membrane voltage only by being in a position where
they could sense the electrical field across the membrane, i.e.,
immersed into the membrane structure itself [3]; however, given
the structural characteristics of site-3 toxins (a compact folding
stabilized by three disulphide bridges, and patches of exposed
negatively charged residues), this seems an unlikely explanation.
Studies using liposomes containing phosphatidylserine and
phosphatidylcholine showed that ApB toxin (from Anthopleura
xanthogrammica) does not immerse into the membrane, contrary
to the (3-scorpion peptides, suggesting that the ApB interaction
with sodium channel takes place in the extracellular region of the
channel [43]. Most probably, structural torsions of the sodium
channels upon strong depolarization may contribute to displace
the peptides from their binding sites. Our experiments do not
discard, however, the possibility of a toxin interaction with the
slow inactivated state, but a direct experimental proof about this is
difficult to achieve [13].

From the structural point of view, not only the positively
charged amino acid residues (K/R35, K36) are important for
binding of the sea anemone Type 1 toxins to sodium channels
[21,31,35]. Comparing the primary sequence of CgNa, ATX-II and
BcllI (Fig. 6), a negatively charged patch (D37 and E38) in CgNa do
not affect the potency of this toxin, neither its mode of action on
voltage-gated sodium channel. As a consequence, we may assume
that the docking of each peptide to the channels should have the



E. Salceda et al./Peptides 31 (2010) 412-418 417
.5
o / 700 ms ® 0
0.4
s
&
— 0.3
g
-
A OmV
024 ® 60mV
m 100 mVv
gl s
o IR NS A ———————
1 10 100 1000
Time (ms)

Fig. 5. The effect of Bclll is gradually removed by depolarization. (A) Superimposed current traces for a toxin-dissociation experiment in the presence of Bclll (10 wM). The
inset shows the pulse protocol used. The superimposed traces show the progressive acceleration of inactivation caused by prepulses of different durations. For clarity, only
five traces (2.5, 20, 50, 300 and 700 ms) are shown. Arrows show the currents obtained after conditioning pulses of 2.5 and 700 ms. (B) Dissociation curves obtained at the
indicated prepulse voltages. Curves were fitted using a single-exponential function (continuous line) yielding the time constant, T, for each conditioning voltage. The

horizontal lines indicate the mean + 1 SD in the absence of toxin.
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Fig. 6. Primary sequence alignment of the Type 1 sodium channel toxin Bclll (on top) with analogous peptide toxins ATX-II and CgNa. Black, gray and white backgrounds
indicate identical, homologous and different amino acids, respectively. Cysteines are bonded as C1-C5, C2-C4 and C3-C6.

contribution of distinct amino acids in the contact surface. This
aspect should be considered in more detail in future studies.

Further experiments are necessary to determine whether our
observations have the same biophysical meaning that has been
suggested for a-scorpion toxins by Campos et al. [3]. However,
given that Bclll, CgNa and ATX-II modify the fast inactivation by
binding to the closed state of Na* channels, and that site-3 toxin
binding mainly occurs in the S3-S4 extracellular linker in domain
IV of the Na" channel [35,8] and evidence associates the S4
segment in domain IV with the fast inactivation process
[10,12,15,20,42], it is plausible that when depolarizing prepulses
are applied, the electrical field on DIV-S4 reduces the binding
strength of the receptor site.
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