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R. Ben Khalifa, M. Stankiewicz, M. Pelhate, S. E. Serrano-Hernandez, L. D.
Possani, H. Hinkel and D. Mebs. Action of babycurus-toxin 1 from the east
African scorpion Babycurus centrurimorphus on the isolated cockroach giant
axon. Toxicon 35, 1069-1080, 1997.—A toxin named babycurus-toxin 1 (mol.
wt 8191), from telson extracts of the scorpion Babycurus centrurimorphus, was
found to depolarize the cockroach giant axon. It progressively blocked the
evoked action potentials after a short period of limited repetitive activity and
after 30 min of toxin action it became impossible to evoke responses to current
stimulations. Voltage-clamp experiments on the sodium current indicated that
the toxin in micromolar concentrations progressively decreased the transient
inward peak sodium current, but also slowed the activation phase of this
sodium current and maintained an inward current during the voltage pulses,
which deactivated slowly. The toxin also induced in the insect axon a slowly
activating—deactivating component of the sodium current. This suggests that
the toxin modifies both activation and inactivation mechanisms of sodium
channels. Thus there is some similarity in the electrophysiological effects

between BcTx1 and the B-toxins active on mammals. © 1997 Elsevier Science
Ltd

INTRODUCTION

Scorpion venoms contain multiple basic neurotoxic polypeptides acting on
various channels (Na*, K*, Ca’*, Cl-) of excitable membranes (Possani, 1984;
Valdivia et al., 1991; DeBin et al., 1993; Martin er al., 1994; Garcia et al., 1995).
Besides toxins that act in mammalian preparations, these venoms also contain
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several components which are highly active in insects (Zlotkin et al., 1994).
Insect toxins have been purified from the venoms of Androctonus species (Pelhate
and Zlotkin, 1982), Buthotus judaicus (Lester et al., 1982), Scorpio maurus
palmatus (Lazarovici et al., 1982) and Leiurus quinquestriatus quinquestriaius
(Zlotkin et al., 1985). These venom components have been considered to represent
valuable natural insecticides (Gurevitz and Zilberberg, 1994; Chejanovsky er al.,
1995).

Although major interest focused on scorpion species of medical importance, there are
more than 1500 species (Polis, 1990) that also produce venom containing toxins of,
perhaps, high specificity for excitable cells of nervous, muscular and glandular tissues,
particularly of insects. This paper describes the isolation of a toxin (babycurus-toxin 1,
BcTx1) from the venom of the east African scorpion Babycurus centrurimorphus, which
is not involved in human envenoming, but is rather specific to insects. The purified toxin
is shown to affect the proper functioning of the sodium channels of cockroach axonal
membranes.

MATERIALS AND METHODS

Toxin isolation

Scorpions (B. centrurimorphus) were collected in Rwanda (east Africa) in 1992. Venom extracts were prepared
by homogenizing the telsons in a mortar in 0.9% NaCl. The extract was centrifuged (900 g) for 20 min and the
supernatant was applied on to a Sephadex G-50 column (85 x 1.5 cm). which was eluted with 0.1 M ammonium
acetate buffer, pH 6.8. Fractions of 5 ml were collected at a flow rate of 30 ml/hr. Toxin 1 was eluted in the
second peak and lyophilized. Further purification was achieved by high-performance liquid chromatography
(HPLC) using a C, reverse-phase column (Vydac, Hysperia. CA, U.S.A.), of a Waters 600E chromatograph,
equipped with a variable wavelength detector, and a WIPS 712 automatic sample injector. A linear gradient from
solution A (0.12% trifluoroacetic acid in water) to 60% B (solution containing 0.1% trifluoroacetic acid in
acetonitrile) resolved pure toxin 1.

Chemical characierization

The molecular mass of the pure toxin was kindly determined by Dr Brian Martin of the National Institute
of Mental Health (Bethesda. MD. U.S.A.). using the methodology described previously (Vazquez er af.. 1995).
The amino acid sequence determination was performed with an aliquot of native toxin (1 nmole) adsorbed on
to a Sequelon membrane (derivatized with arylamine) and applied to an automatic microsequencer [Modal 6000
Prosequencer, from MilliGen (Division of Millipore)]. A second sample of reduced and carboxymethylated toxin
(Vazquez et al., 1995) was also sequenced in order to determine the positions of the cysteine residues. By this
procedure the first 30 amino acid residues, situated at the N-terminal region of the toxin, were unequivocally
determined.

Electrophysiology

Adult male cockroaches (Periplaneta americana) were used throughout these experiments. A segment
{1.5-2.5 mm) of one giant axon was isolated from a connective linking the fourth and fifth abdominal
ganglia and cleaned of adhering fibres. The preparation was transferred to an experimental chamber in
which two lateral Ag-AgCl electrodes were in contact with the severed ends of the axon and a central
electrode was in contact through the external bathing solution with a 100150 gm segment of the dissected
axon. The preparation was immersed in paraffin oil and an “artificial node of Ranvier™ was created (Pichon
and Boistel. 1967). The active membrane area of 0.01-0.02 mm’ (node) was superfused with saline or
test solutions. Membrane potentials and transmembrane currents of this small surface of axonal membrane
were recorded in current-clamp or voltage-clamp as described in detail earlier (Pelhate and Sattelle. 1982).
Only isolated axons providing resting potentials more negative than — 55 mV and evoked action
potentials above 90 mV were selected for these studies. This axonal preparation contains two or three layers
of glial cells surrounding the axonal membrane, which limit the ability of toxin molecules to reach their
channel receptor sites (Pichon er al., 1983). As a result, relatively high concentrations of toxins are
required 1o detect their activity. Normal physiological saline had the following composition (in
mmoles/litre): NaCl. 200: KCl, 3.1; CaCl.. 5.4; MgCl,, 5.0; HEPES buffer. 1.0; pH 7.2. Experiments
were performed at 19-21 C. Lyophilized BcTx1 was dissolved in the saline to a final concentration of
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10~ moles/litre, in the presence of bovine serum albumin (0.25 mg/ml) before tests. and remaining solutions
were kept at —20 C in deep freeze. Potassium currents were blocked by 0.5 x 10~ moles/litre
3.4-diaminopyridine (3,4-DAP) (Sigma Chemical Co., France) and when needed sodium currents were blocked
with 5 x 10~" moles/litre tetrodotoxin (TTX) (Sigma Chemical Co.. France).

RESULTS

Toxin isolation and characterization

From telson extracts of B. centrurimorphus scorpions, a toxin named babycurus-toxin
1 (BcTx1) was isolated by gel filtration and HPLC. Its mol. wt determined by mass
spectrometry was 8191 (Fig. 1). Edman degradation of the reduced and alkylated toxin
revealed the following N-terminal amino acid sequence:

10 20 30
LKDGYPTNSK GCKISGCLPG ENKFCLNECQ...

Electrophysiology

Effects of BcTx1 on membrane potentials. At concentrations of 5 x 10 ~10 °® moles/
litre, the change observed during the first 3 min of application was a marked depolarization
(5 to 20 mV) from a control resting potential value of — 58 +2.5mV (n = 15). This
resting depolarization was accompanied by a gradual decrease in the amplitude of action
potentials evoked by short current pulses [Fig. 2(Aa—d)]. In some experiments, at the earlier
stage of toxin action, a limited period of repetitive activity appeared [Fig. 2(Ba—)] when
the resting depolarization reached about 10-15 mV. The action potential amplitudes were
75-85% of the control. and the evoked potentials developed more rapidly and were
followed by one to five other spontaneous spikes [Fig. 2(Ba—c)] rising at a frequency of
150-250 Hz. However. in time, the resting membrane depolarization continued to increase
(up to 25 mV) while the amplitude of either the repetitive spikes or the single evoked action
potentials decreased until a complete block was reached [Fig. 2(Ad)]. Artificial
repolarization by passing a constant hyperpolarizing current [Fig. 2(Cb)] resulted in a
partial (until 70% in amplitude) and temporary restoration of evoked action potentials,
but “classic’ plateau potentials were never recorded. The resting depolarization
continued to develop and again the action potentials were completely abolished [Fig.
2(Cc)]. A subsequent application of TTX (5 x 10 " moles/litre) repolarized the axonal
membrane in less than 30 sec [Fig. 2(Cd)]. No reversibility of the toxin effects has been
detected.

Effects of BeTx1 on membrane currents. The control transmembrane current recorded
during a 5 msec voltage pulse to — 10 mV from a holding potential (HP) = — 60 mV
consists of an inward transient Na* current followed by an outward steady-state K *
current. No action of BcTx! has been detected on the K * currents at concentrations active
on sodium currents. In the presence of TTX and BeTx1, outward K ' currents, normal
in their amplitude and kinetics, were recorded (data not shown). After 3-5 min of
superfusion with 3.4-DAP (10 * moles/litre), which suppressed the K * currents, the
activity of BcTx1 on the control Na* current at E, = — 10 mV could be tested
[Fig. 3(Aa,Ba)]. Control peak current is normally reached at around 300 usec after
the beginning of the voltage pulse, and in about 2 msec this transient Na* current
was almost totally inactivated [Fig. 3(Aa)]. In the presence of BcTx1 (10~ * moles/litre),
the activation phase of the sodium current slowed slightly, and a progressive decrease in



1072 R. BEN KHALIFA ez al.

A
0.5 = *
A2s3
= .
10 20 30 40 50
tube no.
0.1
B ¥
.05 <
A230
A
1 ¥ T T T
10 20 30 40 50 60
min.

Fig. 1. (A) Gel filtration of telson extract from B. centrurimorphus on a Sephadex G-50 column
(85 x 1.5 cm) eluted with 0.1 M ammonium acetate buffer, pH 6.8.
The fraction (asterisk) exhibiting toxic activity on axon preparation was further purified by HPLC
(B) on a Vydac C, reverse-phase column (100 pg applied). Babycurus-toxin 1 (asterisk) was
obtained in pure state.
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Fig. 2. Action of BcTx! on the cockroach axonal membrane potentials.
Control action potentials (Aa. Ba. Ca) were evoked by single short current pulses (0.5 msec, 10 nA)
and the control resting potential value was — 60 mV; after 40 sec (Ab), 2 min (Ac) and 6 min (Ad)
of BeTx1 (5 x 107 moles/litre) action. resting depolarization reached 18 mV and a complete
block of evoked activity was obtained (the left signal in Ad corresponds to the current pulse
crossing the passive membrane resistance—capacitance couple). In Ba, two superimposed
recordings: control and start of repetitive firing induced by BcTx1 when the membrane was 12 mV
depolarized. Then. during | min, the unique short current pulse evoked several action potentials
at a frequency of about 170 Hz (Bb.c). When the evoked action potential was blocked by BcTx1,
artificial repolarization by a constant current was done; it became possible to evoke again action
potentials (Cb) of smaller amplitude than the control {(Ca) without posthyperpolarization. A
few minutes later the resting depolarization continued to increase and resulted in a complete
block of the evoked activity (Cc). The resting depolarization was abolished by S x 10 7 moles/litre
of tetrodotoxin (Cd) in less than 30 sec. Horizontal thin lines indicate zero and control resting
potentials.

the peak current was observed. After 5 min of toxin action, the peak sodium current
was about 70-80% of the control and a slight late current could be detected [Fig. 3(Ab)].
The time to peak., measured at E, = — 10 mV, was increased by 14.2 + 3.8%
(mean + S.E.. n = 15), indicating a slowing of the activation mechanism. The application
of very long voltage pulses more clearly revealed the presence of a slowly
activating—deactivating component, much more visible at greater negative holding
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potentials (HP = — 80 or — 90 mV), as illustrated in Fig. 3(Bb,c). This slow current
reached a steady-state value only after more than 300 msec at E, = —40mV and
deactivated in two phases: fast, similar to control; and slow, with time constants of several
seconds to minutes. A constant inward current progressively developed, simultaneously
with the decrease in peak current. This constant current remained more evident after
greater and longer depolarizing voltage pulses [Figs 3(Bb.c), 4(Ba)]. After 30 min in the
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Fig. 3. Action of BcTxl on the insect axonal Na ™ current.
In the presence of 10 * moles/litre of 3.4-diaminopyridine. a 5 msec voltage pulse from a holding
potential (HP) = — 60 mV to E, = — 10 mV (upper trace) was applied and a control Na*
current was recorded (Aa). Prolonged Na* current (Ab) was recorded under the same conditions
after 3 min of BcTx! (10~° moles/litre), when the peak inward Na® current had not yet
much decreased. Note in Ab the presence of a constant inward current; line zero current has
been indicated (middie thin trace). From another axon. control Na ' current (Ba) and after
10 min (Bb) and 12 min (Bc) of BcTx1 action. Note (1) in time. the large and progressive decrease
of the inward transient peak current; (2) the development of a slow component during the long
pulses; (3) the persistence of an inward tail current after the end of the voltage pulses, with two
phases: a fast deactivation immediately after the voltage pulse and a very slow tail current
decreasing only over minutes. This tail current participates in the development of the
last component (4). which is a permanent inward progressively developed current (marked by
dotted lines).
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presence of the toxin, it usually became impossible to record transient as well as slow
sodium currents.

Furthermore, application of 5 x 10~ 7 moles/litre TTX underlined the presence of an
inward constant Na* current of 40-60 nA [Fig. 4(Bb,c)]. Under control conditions, in the
presence of 3,4-DAP, the application of TTX on the axonal preparation suppressed the
peak inward Na™* current in less than 3 min, with no change in the holding current level
which remained almost non-existent [Fig. 4(Ab,c)].

From families of Na * currents recorded during voltage pulses from — 60 to + 60 mV
it has been possible to obtain peak current-voltage relationships (/y, , —E,) both in controls
and in the presence of BcTx1 [Fig. 5(A)]. Even after 2-5 min of toxin action, the peak Na -
current was slightly increased at potentials of — 50 and — 40 mV, but was decreased at
more positive potential values. By application of long pulses [as illustrated in Fig. 3(Bb.c)],
it has been also possible to plot the late Na™ current measured at the end of 300 msec
voltage pulses [Fig. 5(A)]. The peak Na* current reached a maximum at — 10 mV in the
presence of the toxin. as in the control, but the slow Na ~ component was at its maximum
at a potential more negative by 10 to 20 mV [Fig. 5(A)]. After such records, the sodium
conductance (gy,) can be calculated as a function of the membrane potential according to
the equation:

Ea = ]Nn//(Em - EN;\),

where E,, and Ey, are, respectively, the membrane potential and the reversal potential for
Na™* current. The relative sodium conductance curves clearly indicate, under toxin
influence, a decrease in the maximum conductance for positive potentials, but a larger
conductance than the control at potentials more negative than — 20 and — 30 mV
[Fig. 5(B)].

Figure 5(B) also illustrates the voltage dependence of steady-state inactivation of
Na™ channels determined using a two-pulse protocol: the test pulse to — 10 mV
is preceded by long (40 msec) prepulses from — 80 to + 30 mV, and the relative
amplitude of the peak Na* current during the test pulse is plotted according to
the prepulse value. Under control conditions, the inactivation is complete at — 10 to
0 mV, whereas under BcTxl 10-15% of Na* current persisted; for potentials
more negative than — 60 mV, some inactivation still exists. Moreover. the curves
suggest that, under the influence of the toxin, the steady-state inactivation is
less voltage dependent. as evidenced by a less pronounced slope. In control
conditions, the /Iy, ./l -mw curve (Ao curve) and gn../gx.-_ma CUTVE (mMoG curve)
crossed over at about — 31 mV, resulting in a region of hoc—moc overlap that
extended approximately from — 50 mV to — 15 mV. This determined the steady-state
window current. Under B¢Tx1, the two curves crossed over at — 36 mV (5 mV shift to
more negative potentials) and the incomplete inactivation resulted in an enlarged window
current that extended for all potentials more positive than — 70 mV.

DISCUSSION

The amino acid sequence of the first 30 residues at the N-terminal part of the toxin
isolated from the east African scorpion Babycurus centrurimorphus exhibits some similarity
to other insect toxins extracted from north African or Middle-East scorpions.
Unfortunately, the full sequence is still unavailable, but the known part of the sequence
allows a rather interesting comparison.
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Fig. 4. BcTx!l induced a constant inward TTX-sensitive current.
Control Na“ current (Aa) in the presence of 34-diaminopyridine was suppressed by TTX
(5 x 10~ 7 moles/litre) in about 30 sec (not shown). without any change in the holding current (Ab).
Only 3-6% of normal K* current was left. as illustrated in Ac 3 min later. From another axon.
in the same conditions but after 10 min of BcTx1 (10 ~* moles/litre) action (Ba). TTX suppressed
a 45 nA inward current in less than 30 sec (Bb), together with the peak Na  current, as illustrated
by the record obtained | min later (Bc).

Insect toxins from the genera Androctonus and Leiurus (see Fig. 6) are less similar to
BcTx1 than those of the genera Buthus and Centruroides, the last being more closely related
to BeTx! than the others. The two first sequences do not even match all of the cysteine
positions. The consensus sequence for the Old World scorpion toxins shows only eight
identical positions to those of the first 30 amino acid residues reported for BcTx1, whereas
the Centruroides toxins (New World) show 12 identical positions to those of BcTxl.
However, a more rigorous comparative analysis should be possible when the full amino
acid sequence of BcTx1 has been elucidated.

BcTx1 is active on insect sodium axonal channels. The observed depolarization of the
axon may be attributed to an increase in the sodium conductance at membrane potential
values. which are close to the resting potential and are even more negative. The channels
which are opened by the toxin are TTX sensitive. A shift of the sodium activation curve
by 5-10 mV towards more negative potential values has been detected. Such a
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Fig. 5. I-V curves, activation and inactivation of the sodium current.
(A) Current-voltage curves for the peak Na~ current measured in the same fibre, in control (@)
and after 4 min of BcTx1 (10~ ° moles/litre) superfusion (s) and current—voltage curve (A) for the
late current measured at the end of 300 msec voltage pulses. (B) Relative Na ' conductance-voltage
relations for the peak control (@) and in the presence of BcTx1 (10 ~° moles/litre over 3 min), right
scale (s). The graph also shows the voltage-dependent steady-state inactivation (left scale): using
a double-pulse protocol (prepulses of 40 msec from — 80 to + 30 mV, immediately followed by
a test pulse to — 10 mV. it has been possible to determine the relative peak amplitudes for the
Na* current in control (O) and after 3 min of BcTx1 action (A). Note, under toxin, the incomplete
inactivation even for positive potential values and the smaller voltage dependence. evidenced by
the smooth slope of the BcTxl1 curve.
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AaHIT KKNGYAVD -SSGKAPE -CLL--SN-YCYNECTKV-HYADKGYCCLLS - -~~~ CYCFGLNDDKKVLEISDTRKSYCDTTIIN
LggITl KKNGYAVD -SSGKAPE ~CLL--SN~YCYNECTKV-HYADKGYCCLLS - -- -~ CYCFGLNDDKKVLE I SDARKKYCDFVTIN
AmmV LKDGYIID-DLNCTF-FCGR---NAYCDDECKKK-GGES-GYCQWASPYGNACWCYKLPDRVSIKEK--GR-~-CN----~
BotXI LKDGYIVD-DRNCTF~FCGR--~NAYCDDE CKKK-GGES-GYCQOWASPYGNACWCYKLPDEVRTVQA~-GR~-~CN=~~---
Lgqgv LKDGYIVD-DKNCTF-FCGR---NAYCDDECKKK~GGE S -GYCQWASPYGNACWCYKLPDRVSIKEK--GR~-~~CN-----
BeTx1 LKDGYPTN-SKGCKISGCL-PGENKFCLNECQ. . .

CsEv2 KEGYLVNKSTGCK-YGCLKLGENEGCDKE CKAKNQGGSYGYCYAF-~--— ACWCEGLPESTPTYPL--PNK--CSS~-~-
CsEv3 KEGYLVKKSDGCK-YGCLKLGENEGCDTE CKAKNOGGSYGYCYAF -~~~ ~ ACHCEGLPESTPTYPL--PNK-SC---~~--—
CsEvl KEGYLVKKSDGCK-YDCFWLGKNEHCNTE CKAKNQGGSYGYCYAF -~~~ - -ACWCEGLPESTPTYPL--PNK~-CS-----
Cnl KDGY LVDA-KGCK-KNRCYKLGKNDYCNRE CRMKHRGGSYGYCYGF - -~~~ GCYCEGLSDSTPTWPL--PNK-TC-~-~--—
cl11 KEGY LVNKSTGCK-YGCFWLGKNENCDKE CKAKNQGGSYGYCYSF— - -~ ACWCEGLPESTPTYPL--PNK-SCS-~-~-
Consl “K-GY-m—mmm oo Co=mm- N--C--EC-...

Cons2 -K-GY--—--~~ GCK---C---G-N--C-~EC-...

Fig. 6. Comparison of amino acid sequences of some scorpion toxins.
Some representatives of different scorpion toxin that affect sodium channels, with emphasis on
arthropod-specific toxins, are shown. Gaps (-) were introduced for maximizing similarities. The
middle sequence (bold) is B¢Tx1 from this communication. Complete sequences on top of BeTxl
are from scorpions of north Africa or the Middle East, whereas sequences on the bottom are from
New World scorpions. AaHIT, Insect toxin from Androctonus australis Hector; Lqq. Leturus
quinquestriatus  quinguestriatus; AmmV, Androctonus mauretanicus nmauretanicus, Bot, Buthus
occitanus funetanus; CsE, variants from Centruroides sculpturatus Ewing (taken from the review
by Becerril et al.. 1995); Cnl, toxin | from Centruroides noxius (Vazquez et al.. 1995) and ClII
is a crustacean toxin 1 from Centruroides limpidus limpidus (Lebreton et «l., 1994); Consl shows
a consensus sequence (absolutely conserved residues) by comparing BcTx1 with the Old World
scorpions. Cons2 is the same with sequences of toxins from the genus Centruroides from North
America.

depolarization in its turn induces a sodium inactivation which may account for the
decrease in action potential amplitudes, and which limits the development of repetitive
activity. Hyperpolarizations or very negative holding potentials result in a momentary
closure of the modified channels, but on depolarizing long-voltage pulses, slowly activating
sodium currents have been obtained which probably correspond to persistent Na* channel
activity at membrane potential values of — 60 to — 80 mV. The steady-state inactivation
curve of the Na™* current indicates a 12-18 mV shift to more negative potentials, less
dependence of the potential and overall incomplete inactivation between — 40 and
+ 40 mV [Fig. 5(B)].

BcTx1 differs from Androctonus australis Hector insect toxin (AaHIT) and from L. ¢.
quinquestriatus toxin I (LqqIT1), both active on the same preparation (Pelhate and Zlotkin,
1982; Zlotkin et al., 1985). Both AaHIT and LqqlIT1, known as typical contractive insect
toxins, depolarize but induce sustained repetitive activity of between 10 and 30 min and
plateau potentials of large amplitude often terminated by repetitive firing of short action
potentials.

The effects of BcTx! on the membrane potentials may be compared to those of
flaccid insect toxins tested on the same preparation (Lester er «/.. 1982: Zlotkin er al.,
1985). The resting depolarization comes with a progressive block of evoked action
potentials. Artificial repolarization by passing a constant current only partially and
temporarily restores these evoked potentials. These facts suggest that BcTxl has
characteristics of a flaccid toxin. However, strict specificity to insects remains to be
demonstrated.

Voltage-clamp results on the sodium currents indicate a progressive decrease in the
peak sodium current and an increase in the time to peak (which suggests a slowing of
the activation mechanism). These two effects may account for the suppression of the
action potentials and for the flaccid properties of BcTx1. The increased Na'
conductance around — 40 mV and the non-inactivated permanent current may account
for the short phase of repetitive activity sometimes observed at the early stages of
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toxin action. The progressive development of a maintained sodium current during a
voltage pulse and the persistence of a slow inward tail sodium current, when the potential
is returned to the holding potentials ( — 60 to — 80 mV), strongly suggest a slowing of
the activation—deactivation mechanism. In the case of other flaccid toxins studied (Lester
et al., 1982; Zlotkin er al., 1985), only short voltage pulses were applied to the axonal
membrane and the most evident effect of these toxins was only described as a progressive
suppression of the sodium current. With BcTx!1, application of very long voltage pulses
reveals a very slow development of the sodium current after a first phase including a
transient fast activating-inactivating phase [Fig. 3(Bc)]. At the end of the voltage pulse,
when the voltage returns to — 60 or — 80 mV, a very slow inward tail sodium current
persists which will decrease during several hundreds of milliseconds. The coexistence of
the fast and the slow sodium current phases, and the progressive decrease in the fast
component associated with a simultaneous development in the slow one, suggest that
BcTx1 may convert normally functioning insect sodium channels into slowly operating
entities. The final limit of a slowly activating channel could be a complete block, which
could account for the progressive decrease in the peak sodium conductance by Betxl.
Nevertheless, the block of Na* channels by B¢Tx1 takes place after a period of increased
and prolonged Na ' conductance, and the toxin must be primarily considered as an opener
of Na - channels, modifying both activation and inactivation mechanisms. The 5 mV shift
of the cross-point of the activation—inactivation curves toward more negative values and
the enlarged window current under BcTx1 explain the hyperactivity phase observed under
current-clamp conditions. A similar shift of activation and inactivation curves has
been seen in cardiac sodium channels with B-toxins from Centruroides and Tityus venoms
and was attributed to a slowing of the transition between closed and open states (Yatani
et al., 1988). Such slow opening of sodium channels in the presence of BcTx1 may account
for the observed modifications, but until now nobody has succeeded in recording
elementary voltage-dependent Na* channel currents in insect axons.

According to the generally accepted classification of scorpion toxins (see Zlotkin et al.,
1994), BcTx1 could be classified as a flaccid toxin. Electrophysiological data indicate an
action on the sodium activation mechanism which would justify its grouping among the
B-toxins. However, binding tests will be necessary to confirm this suggestion. The effects
of BcTx!1 on vertebrate Na = channels are at present unknown.
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