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L. Borchani, M. Stankiewicz, C. Kopeyan, P. Mansuelle, R. Kharrat, S.
Cestele, H. Karoui, H. Rochat, M. Pelhate and M. El Ayeb. Purification,
structure and activity of three insect toxins from Buthus occitanus tunetanus
venom. Toxicon 35, 365-382, 1997.—One contractive and two depressant
toxins active on insect were purified by high-performance liquid chromatog-
raphy from the venom of Buthus occitanus tunetanus (Bot). The two depressant
toxins, BotIT4 and BotITS, differ only at position 6 (Arg for Lys) and are
equally toxic to insects (LDs, to Blatella germanica = 110 ng/100 mg body
weight). They show a strong antigenic cross-reaction with a depressive toxin
from Leiurus quinquestriatus quinquestriatus (LqqlT2). The two toxins are able
to inhibit with high affinity (K, between 2 and 3 nM) the specific binding of
the radioiodinated excitatory insect toxin (‘*I-AaHIT) on its receptor site on
Periplaneta americana synaptosomal membranes. These toxins depolarize the
cockroach axon, irreversibly block the action potential, and slow down and
very progressively block the transmembrane transient Na* current. The
contracturant toxin BotIT1 is highly toxic to B. germanica (LDs, = 60 ng/
100 mg body weight) and barely toxic to mice (LDs, = 1 ug/20 g body weight)
when injected intracerebroventricularly. It does not compete with '*I-AaHIT
for its receptor site on P. americana synaptosomal membranes. On cockroach
axon, BotIT1 develops plateau potentials and slows down the inactivation
mechanism of the Na~ channels. Thus, BotIT] belongs to the group of «
insect-selective toxins and shows a strong sequence identity ( > 90%) with
LghalIT and Lqqlll, two insect z-toxins previously purified from the venom of
L. q. hebraeus and L. q. quinquestriatus, respectively. © 1997 Elsevier Science
Ltd. All rights reserved
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INTRODUCTION

Buthinae scorpion venoms have been investigated mainly because of their impact on
humans. Their toxicity to mammals is mainly due to small single-chain proteins composed
of 60 to 65 amino acid residues (Miranda et al., 1970) containing four disulfide bridges
(Kopeyan et al., 1974; Grégoire and Rochat, 1983). These scorpion toxins act on the
sodium channels of excitable cells (Catteral, 1980). They are classified into two groups
which differ in their electrophysiological effects and binding on different sites on rat brain
synaptosomes (Jover ef al., 1980a; Couraud et al., 1982): (1) the «-toxins, which are found
in African scorpions (Rochat er al., 1979; Martin and Rochat, 1984, 1987; Duval et al.,
1989). Their main effect is to slow down the inactivation of sodium channel and their
binding is voltage dependent (Catteral, 1979, 1984; Jover et al., 1980b); and (2) the
B-toxins, which are found in New World scorpions (Cahalan, 1975; Couraud et al., 1982;
Meves et al., 1982, 1984, 1986; Wang and Strichartz, 1983; Jonas er /., 1986; Simard
et al., 1986). These toxins cause a transient depolarization and reduce the peak inward
sodium currents in vertebrates. They also induce a shift in the voltage dependence of
sodium current activation (Meves et al., 1982, 1984). In nature, scorpions mainly bite
arthropods, especially soft-bodied insects serving as prey food (Zlotkin, 1983). Therefore
the selective pressure in scorpion venom may have led to the selection of toxins which are
active on insects rather than on mammals. From global and evident symptoms of toxicity,
insect toxins have been classified as excitatory—contractive or flaccid—depressant toxins
(Zlotkin et al., 1982). Based on binding and electrophysiological studies, insect toxins are
classified into four groups: (1) excitatory toxins which bind to insect synaptosomal
membranes independently of voltage and act on activation as mammal B-toxins (Pelhate
and Zlotkin, 1982; Zlotkin ez al., 1985); (2) depressant insect toxins which compete with
excitatory insect toxins and block action potentials primarily by depolarizing the axonal
membrane and finally by suppressing the sodium current (Lester et al., 1982; Zlotkin et al.,
1985; Kopeyan et al., 1990); (3) toxins that are potent to both mammals and insects, e.g.
the B-toxin Ts VII (De Lima er al., 1986) and AaHIT4 which has characteristics of both
a- and B-toxins (Loret ef al., 1991); and (4) a-type insect toxins which induce progressive
contractions in blowfly larvae, do not compete with the excitatory toxins, slow down
inactivation of sodium channel and bind in a potential-independent manner (Eitan e al.,
1990, Kopeyan et al., 1993).

The present study was initiated by the early observation made by Zlotkin et al. (1971)
that the venom of Buthus occitanus tunetanus is among the most toxic to blowfly larvae
(0.05 pg/100 mg body weight) of 16 tested venoms. To obtain information about the
components involved in this high toxicity, we undertook the purification and
pharmacological and electrophysiological characterization of insect active toxins. This
study presents a full characterization of two depressant insect toxins and one contractive
insect toxin and a description of their effect on insect axonal sodium currents.

MATERIALS AND METHODS

Scorpion venom
Crude venom of the scorpion B. o. tunetanus was obtained by electrical milking of field-collected scorpions
in the Veterinarian Laboratory of Institut Pasteur of Tunis.

Purification procedure
The venom was subjected to a water extraction and a dialysis procedure before recycling on gel filtration, as
described by Miranda et al. (1970). Three fractions, R0, Rl and R2, were obtained. The next step consisted of
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semi-preparative high-pressure liquid chromatography (HPLC) performed with a Kratos HPLC system, carried
out on a 10 x 250 mm column prepacked with ultrasphere octyl, 5 um (Beckman). The aqueous elution solvent
was ammonium formate (conductivity 12 mS, pH 2.7) and the organic elution solvent was pure acetonitrile. A
linear gradient from 20% to 35% in 70 min was used. The flow rate was 3 ml/min. The third and fourth
purification steps were carried out with analytical high-pressure chromatography performed with Gold HPLC
system. Analytical C8 HPLC was carried out on a 4.6 x 250 mm column prepacked with Ultrasphere octyl, 5 um
(Beckman). In the third step, solvent A was ammonium formate (conductivity 12 mS, pH 2.7). Solvent B was
pure acetonitrile. In the fourth step the aqueous elution solvent (A) was 0.1% trifluoroacetic acid (TFA) in water,
and the organic elution solvent (B) was acetonitrile 0.1% TFA. Technical details are given in Figs 1 and 2.

Toxicity tests

Fractions derived from RO and purified toxins were tested on male cockroach Blatella germanica (100-120 mg
body weight). Eight Blatella were used per dose. A volume of 0.5-2 ul was injected into the abdominal segment.
Toxicity was monitored by a lethality test after | hr. Toxicity on mammals was determined by a lethality test
24 hr after i.c.v. injection and carried out with 20 + 2 g male C57/BL6 mice. For all injections the solvent used
was NaCl 0.15 M containing 1 mg bovine serum albumin (BSA) per ml. The 50% lethal dose (LDs,) values were
calculated according to Behrens and Karber (1935).

Polyacrylamide gel electrophoresis

Electrophoresis in non-denaturing conditions was carried out in 15% acrylamide gel at pH 4.5 according to
the procedure of Reisfeld ez al. (1962), using 0.35 M B-alanine-acetic buffer. Samples of 10 ug were applied in
10 ul of buffer containing 10% glycerol and 1% Methyl Green as a marker. Pre-electrophoresis at 3 mA/gel
(10.5 x 8 cm) was performed for 30 min followed by 12 mA for 90 min. The proteins were visualized by staining
with Coomassie Blue.

Amino acid analysis

Amino acid analysis was performed on a Model 6300 Beckman analyser. Duplicate samples of each protein
(1 nmole) were hydrolysed in 6 M HCI for 20 hr or 70 hr at 110°C. Phenol was added to the acidic solution
before hydrolysis to improve the recovery of tyrosine residues.

Sequence determination

Preparation of S-alkylated protein was performed by reduction of the disulfide bridges with dithiothreitol
(60-fold molar excess over disulfide bridges in 250 mM Tris—-HCI, 4 mM EDTA, pH 8.5, 6 M guanidine, under
nitrogen at 40°C for 20 hr in the dark). Pyridylethylation was achieved by adding 2 ul of 4 vinyl-pyridine for
20 min at room temperature and S-carboxymethylation was carried out as previously described by Kopeyan et al.
(1990). The reduced and alkylated protein was desalted on a Beckman HPLC system equipped with a C8 column
(4 x 125 mm, 5 ym) from Merck.

To establish the sequence, proteins and peptides were subjected to Edman degradation in an Applied
Biosystems 476A sequencer using the prescribed programme cycles.

Digestion of S-pyridylethylated BotIT1 by Arg-C protease

Three nanomoles of protein were digested with Arg-C protease (Boehringer) for 20 hr in 90 mM Tris—HCl,
8.5 mM CaCl,, 5 mM DTT, 0.5 mM EDTA, pH 7.6 at 37°C. The enzyme to protein ratio was 2% (w/w). The
reaction was stopped by freezing.

Separation of peptides was performed on a 140 HPLC system equipped with a C18 PTH column
(2.1 x 220 mm, 5 um) from Applied Biosystems. The elution gradient was from 2% to 88% of solvent B (70%
acetonitrile and 0.1% TFA in water) in solvent A (0.1% TFA in water) for 60 min at a flow rate of 200 ul/min.
An initial 3 min isocratic elution (i.e. 98% A) was added.

Digestion of S-carboxymethylated BotIT4 or BotITS by trypsin

The reduced and S-carboxymethylated proteins (3 nmoles) were digested overnight in 0.2 M ammonium
hydrogenocarbonate buffer, pH 8.0, at 37°C, using 6% enzyme (w/w). The derived peptides were separated as
described above except that the first isocratic step was extended to 15 min.
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Digestion of S-carboxymethylated BotIT4 or BotITS by Staphylococcus aureus V8 protease

The digestion of the reduced and S-carboxymethylated toxins (5 nmoles) was performed in 50 mM ammonium
bicarbonate buffer, pH 8.0, for 20 hr at 37°C (10% enzyme : substrate ratio). The digests were fractionated by
HPLC on a Kratos apparatus (two Spectroflow 400 pumps, Spectroflow 450 gradient Programmer, Spectraflow
480 injector), using a Lichrospher 100 RP-18 column from Merck (5 pum, 4.6 x 250 mm). Solvent A was 0.1%
v/v TFA in water; solvent B was 0.1% v/v TFA in acetonitrile. Elution was initiated with a 5 min isocratic step
in solvent A, followed by a 60 min linear gradient up to 60% B, at a flow rate of 1 ml/hr; the eluate was monitored
at 215 nm with a Spectroflow 757 absorbance detector and recorded on a Shimadzu 5 A recorder.

Electrospray mass spectrometry

Electrospray mass spectrometry of each native protein and peptides was performed on a VG-BIO-Q (Bio-Tech)
in the positive mode (Briand et a/., 1990; Van Dorsselear et a/., 1990). The protein and the peptides were dissolved
in water : methanol (50 : 50, v/v) containing 1% acetic acid at a concentration of 5 uM.

ELISA assays

An enzyme-linked immunosorbent assay (ELISA) was used to test cross-antigenicity of BotIT1, BotIT4,
BotIT5, AahlIT and LqqIT2. The wells of 96-well Nunc plates were coated 90 min at 37°C with 100 ul of a
5 ug/ml solution of BotiT1, BotIT4 or Bot ITS in carbonate buffer, pH 9.6. After washing with 0.05%
Tween-saline, the blocking solution [0.5% BSA in phosphate-buffered saline (PBS)] was added (1 hr, 37°C). After
six washes, the different dilutions of rabbit serum anti-AaHIT or anti-LqqIT2 (in PBS) were added (90 min,
37°C). Peroxidase-coupled anti-rabbit IgG (Sigma, diluted 1/1000) was then added (1 hr, 37°C). The wells were
washed and 200 ul of o-phenylene diamine solution (0.4 mg/ml in citrate buffer, pH 5.2, in the presence of 0.04%
hydrogen peroxide) was added. The reaction was stopped by addition of 50 ul of a 1 : 20 dilution of sulfuric
acid and absorbance values at 492 nm were obtained from a titertek Multiscan MCC/340.

Radioiodination

BotIT1 (1 nmole) was iodinated using the lactoperoxidase method for ['**[] iodide oxidation (Rochat et af.,
1977) and purified by Sephadex G25 gel filtration chromatography. The excluded fraction corresponded to the
radiolabeled toxin. The specific radioactivity obtained was about 270 Ci/mmole.

"“I-Iodination of AaHIT]1, purification, and characterization of the monoiodinated derivative were performed
according to the method of De Lima er al. (1989).

Radioimmunoassay conditions

The conditions for radioimmunoassay were the same as those described by El Ayeb er af. (1984). Rabbit
antisera against AaHIT (100 pl, final dilution 10* times),'*I-BotIT1 (100 ul, 2.5 x 10~°M), and a variable
concentration (50 ul, 107° M to 10 ~"> M) of BotIT1, BotIT4 or BotIT5 were mixed together to constitute a final
volume of 500 ul of 50 mM phosphate buffer (pH 7.4, 0.1% BSA). The mixture was incubated for 90 min at
37°C and then overnight at 4°C. Immune complexes were precipitated by incubation with goat serum directed
against rabbit IgG and then with 12.5% polyethylene glycol. After centrifugation, bound radioactivity in pellets
was determined in a y-Counter. Data points correspond to the average value of duplicates.

Neuronal membrane preparation
Insect synaptosomal preparations were obtained from homogenates of nerve cords from the cockroach
Periplaneta americana, according to the method of De Lima et al. (1989).

Binding assays

Increasing concentrations of BotITI, BotIT4 and BotIT5 were tested for their ability to inhibit the binding
of mono-'"I-labelled AaHIT derivative to insect synaptosomal fractions according to the method of De Lima
et al. (1989).

Electrophysiology .

Current-clamp and voltage-clamp experiments were performed on giant axons dissected from abdominal nerve
cords of the cockroach P. americana by the double oil-gap single-fibre technique (Pichon and Boistel, 1967;
Pelhate and Sattelle, 1982). The superfusing physiological saline contained (in mmoles/litre: NaCl 210, KC1 3.1,
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CaCl, 5.4, MgCl 5). The saline was buffered with | mmole/litre HEPES and pH was adjusted to 7.2 with NaOH.
Lyophilized toxins were dissolved in the saline immediately before external application to the axonal membrane.
When necessary, tetrodotoxin (TTX, 10-° moles/litre, Sigma-Chimie, La Verpillere, France) and
3,4-diaminopyridine (3-4 DAP, 5 x 10 ~* moles/litre, Aldrich-Chimie, St Quentin Fallavier, France), respectively,
were employed to selectively block the sodium current (Sattelle ez @l., 1979) or the potassium current (Pelhate
and Pichon, 1974). Experiments were performed at 20-22°C. Current traces were corrected for non-specific
leakage and capacitive currents by analogue compensation (Hille and Campbell, 1976). Further correction was
made on digitized recordings by adding scaled passive responses induced by low (10-50 mV) hyperpolarizing
pulses, as these responses have been shown to be a linear function of the voltage within the range of amplitudes
of the applied test pulses (Pelhate, M., Ph.D. Thesis, University of Angers, 1983).

RESULTS

Purification of BotIT1, BotiT4 and BotIT5

Crude venom of the scorpion B. o. funetanus (Bot) was successively subjected to the
following steps: (1) extraction with water; (2) chromatography of the lyophilized water
extract on Sephadex G50 columns equilibrated with 0.1 M ammonium acetate buffer, pH
8.5, to separate RO, R1, and R2 fractions as described in the standard procedure (Miranda
et al., 1970).

Lyophilized RO fraction toxic to B. germanica was fractionated on a semi-preparative
C8 column (10 x 250 mm) equilibrated with acetonitrile 20% in ammonium formate
12 mS, pH 2.7, and eluted with a linear gradient from 20 to 35% of acetonitrile for 70 min.
Seven main fractions (A-G) were collected, with different levels of toxicity to insects and
mammals [Fig. 1(A), Table 1].

Fraction C, which represented about 10% of the RO fraction and was highly toxic to
B. germanica (Table 1), was further purified on an analytic C8 ultrasphere octyl column
(25 x 0.46 cm) equilibrated in the same conditions as the semi-preparative column and
eluted with an acetonitrile gradient from 26 to 28% for 20 min [Fig. 1(B)]. The fraction
with a retention time of 9.79 min was the most potent against B. germanica and represented
about 70% of fraction C. After lyophilization and dialysis against water, this fraction was
applied on the same column equilibrated with acetonitrile 20%-TFA 0.1% and run with
acetonitrile gradient from 20 to 50% for 32 min. As shown in Fig. 2(A), a unique
homogeneous fraction eluted at a retention time of 19.7 min, suggesting the purity of a
new insect toxin, named BotIT]I.

Fraction F, the main fraction of RO (25.5%), with highly depressant toxicity, was
submitted for further purification on a C8 ultrasphere column (25 x 0.46 cm) equilibrated
in acetonitrile 30%-ammonium formate 12 mS, pH 2.7, and eluted with an acetonitrile
gradient from 30 to 33% for 15 min. As shown in Fig. 1(C), fraction F resolved in two
peaks with respective retention times of 12.25 min and 13.16 min. The homogeneity of
these two peaks was checked by chromatography on an analytic C8 ultrasphere column
(25 x 0.46 cm) equilibrated with acetonitrile 20%—-TFA 0.1%, and run with an acetonitrile
gradient from 20 to 50% for 32 min. As shown in Fig. 2(B,C), these closely related toxins
were homogeneous and eluted at 23.3 min and 23.4 min, respectively, suggesting the purity
of two new insect toxins, designated BotlT4 and BotITS.

The purified toxins BotIT1, BotIT4 and BotIT5 were analysed by electrophoresis on
15% polyacrylamide gels under non-denaturing conditions. As shown in Fig. 3, these
toxins were acidic and migrated as a single homogeneous band.
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Primary structure determination of BotIT1

The first 60 amino acid residues [Fig. 4(b)] were assigned by sequencing 400 pmoles of
alkylated protein. By sequencing the peptide [Fig. 4(c)], the C-terminal part was resolved
and, thus, the complete primary structure was deduced [Fig. 4(a)).
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Fig. 1. Elution profiles of HPLC steps.
(A) HPLC of the toxic fraction to insects (RO) obtained from gel filtration and recycling on
Sephadex G-50. The semi-preparative C8 HPLC (10 x 250 mm) was equilibrated with acetonitrile
20% in ammonium formate (12 mS, pH 2.75) then eluted with a linear gradient of acetonitrile
20-35% for 70 min at a flow rate of 3 ml/min. (B) HPLC of semi-preparative fraction C on C8
column (4.6 x 250 mm) in a solvent system of ammonium formate (12 mS, pH 2.75) (solvent A)
and acetonitrile (solvent B). The gradient was 26-28% B in A in 20 min. Flow rate was 1 ml/min
at room temperature. Horizontal bar indicates the collected fraction. (C) HPLC of semi-preparative
fraction F on C8 column (4.6 x 250 mm) equilibrated in the same conditions as above and eluted
with a linear gradient of acetonitrile from 30 to 33% in 15 min at a flow rate of 1 ml/min.
Horizontal bars indicate the collected fractions.
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Fig. 2. Homogeneity of (A) BotIT1. (B) BotIT4, and (C) BotITS collected in the preceding steps
at 9.7 min [Fig. 1(B)], 12.2 min and 13.1 min [Fig. 1(C)], respectively.
HPLC was carried out on a 4.6 x 250 mm column equilibrated with acetonitrile 20% (0.1% TFA)
and eluted with a linear gradient of acetonitrile from 20 to 50% for 32 min at a flow rate of
1 ml/min. Horizontal bars indicate purified proteins.
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Fig. 3. Purity of BotIT1 (lane 2). BotIT4 (lane 3) and BotITS (lane 4).
Polyacrylamide gel electrophoresis (15%) was carried out in 0.35 M f-alanine-acetic buffer, pH
4.5, using 10 pg for each toxin. RO (lane |) containing these toxins is also shown.

Primary structure determination of BotIT4 and BotIT5

The N-terminal sequences of RCM-BotIT4 and RCM-BotITS were determined up to
residues 56 and 50, respectively, by degradation of 1 nmole of protein [Fig. 4(e.i)]. To
confirm the C-terminal region (from position 45), tryptic and V8 peptides were prepared.
The sequencing of these peptides, which overlap each other [as shown in Fig. 4(e-g,i-1)],
allowed confirmation of the respective sequences. The C-terminal residue was determined
for each toxin by sequencing the tryptic peptide 55-61 [Fig. 4(g.])], leading to the complete
primary structure of BotlT4 [Fig. 4(d)] and BotIT5 [Fig. 4(h)].

The amino acid analysis of each native protein was in good agreement with the
established sequence (data not shown). Finally, experimental mol. wt measured by
electrospray mass spectrometry (ESMS) on each native protein (7334.93 + 0.23 for
BotIT1, 6836.25 + 0.89 for BotlT4 and 6791.78 + 1.28 for BotIT5) correlated well with
the calculated average mass (7335.24, 6836.56 and 6794.52, respectively). Moreover, as
digestion of BotIT4 and BotIT5 by carboxypeptidase-Y was negative, it was assumed that
the C-terminal glycine residue might be amidated. The mass of the tryptic peptide 55-61
measured by ESMS (767.4) compared to the related calculated mass of the amidated form
(767.75) was in favour of this hypothesis.

Biological activity of BotIT1, BotIT4 and BotIT5

Toxicity. When tested on blowfly larvae BotIT! induced contraction paralysis.
However, BotIT4 and BotIT35 induced flaccid depressant paralysis. The amounts needed
to kill 50% of injected B. germanica (LDs) were 60 ng/100 mg for BotIT1 and
110 ng/100 mg for both BotIT4 and BotIT5. BotIT1 injected i.c.v. into mice was able to
induce neurotoxic symptoms (LDs, = 1 pg). BotIT4 and BotIT5 had no effect, even when
concentrations as high as 3 ug were injected i.c.v. into mice.

Binding studies
BotlT4 and BotIT5 were able to inhibit the specific binding of ““I-AaHIT on P.
americana synaptosomal membrane vesicles (Fig. 5). Half-effects (K, ;) were observed at
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concentrations of 2.04 + 090 nM and 3.03 + 0.20 nM for BotlT4 and BotIT5,
respectively. However, BotIT1 (1 uM) showed no significant ability to inhibit the specific
binding of '“I-AaHIT to its binding site in the insect synaptosomal membrane vesicles
(data not shown).

Immunochemical characterization of BotIT1, BotIT4 and BotIT5

Antigenic homologies between these toxins and AaHIT or LqqIT2, representative of
excitatory and depressive toxins, respectively, were tested using specific anti-AaHIT and
anti-LqqIT2. BotIT1 was recognized by anti-AaHIT [Fig. 6(A)], whereas anti-Lqq [T2
failed to recognize BotIT1 [Fig. 6(B)]. In contrast, BotIT4 and BotIT5 were well
recognized by anti-LqqIT2 [Fig. 6(B)] but not by anti-AaHIT [Fig. 6(A)]. In agreement
with these results, BotIT4 and BotIT5 failed to compete with '“I-BotIT1 using

Amino acid sequences of BotIT1, BotIT4 and BotIT5

2 3 4 5 6
1 0 0 0 0 0 0
BotIT1 a) VRDAYTAQNY NCVYFCMKDD YCNDLCTKNG ASSGYCQWAG KYGNACWCYA LPDNVPIRIP GKCHS
b) VRDAYIAQNY NCVYFCMKDD YCNDLCTKNG ASSGYCQWAG KYGNACWCYA LPDNVPIRIP
<) IP GKCHS
1 2 3 4 5 6
1 0 0 0 0 0 0
BotIT4 d4) DGYIRRRDGC KVSCLFGNEG CDKECKAYGG SYGYCWIWGL ACWCEGLPDD KIWKSEINIC G
&) DGYIRRRDGC KVSCLFGNEG CDKECKAYGG SYGYCWIWGL ACWCEGLPDD KTWKSE
f) GLPDD KIWKSE
g) SEINTC G
1 2 3 4 5 6
1 D o ) i o 0
BotITS h) DGYTRKRDGC KVSCLFGNEG CDRECKAYGG SYGYCWIWGL ACWCEGLPDD KIWKSEINIC G
1) DGYIRKRDGC KVSCLFGNDG CDRECKAYGG SYGYCWIWGL AC---GLPDD
i) AYGG SYGYCWIWGL ACWCEGLPDD K
k) GLPDD KIWKSE
1) SEINTC G

Fig. 4. Amino acid sequence of (a) BotIT1, (d) BotIT4, and (h) BotIT5.
Edman degradation of (b) S-pyridylethylated BotITI, (c) peptide R2, (¢) S-carboxymethylated
BotIT4, (f) V8 peptide, (g) tryptic peptide, (i) S-carboxymethylated BotITS, (j) tryptic peptide, (k)
V8 peptide, and (1} tryptic peptide.
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Fig. 5. Competitive displacement of the specific binding of '"IAaHIT by AaHIT, BotIT4 and
BotITS5.

The concentration of native toxins inhibiting 50% of the binding of radiolabeled ligand is

1.0 + 0.2 nM for AaHIT (@), 2.0 + 0.9 nM for BotIT4 (O). and 3.0 + 0.2 nM for BotIT5 (H).

anti-AaHIT. Anti-AaHIT recognized specifically BotIT1 with high affinity since
anti-AaHIT was used diluted 10,000 times and the concentration of BotIT! giving a
half-effect was about 10~'° M [Fig. 6(C)]. Altogether, these results strongly suggest a close
structural relationship between AaHIT and BotIT1 and between LqqIT2 and BotIT4 and
BotITS5.

Electrophysiological studies

As shown in Fig. 7(A), BotIT1 (10 ug/ml) prolonged the evoked action potential
duration. After 5-6 min of superfusion with the toxin, a plateau potential lasting for
several hundreds of milliseconds was observed [Fig. 7(B)] compared to control (100 mV,
0.5 msec). BotIT4 and BotITS5 (10 ug/ml) applied in the same conditions never induced
repetitive firing of action potentials or plateau potentials. Their primary action was a
8-15mV resting depolarization followed by a progressive block of the evoked action
potentials [Fig. 7(C,E)]. By passing a hyperpolarizing current through the membrane, it
was possible to restore partially the evoked action potential [Fig. 7(D)]. Even under these
conditions a progressive block of the responses was observed afterwards. The resting
depolarization was partially suppressed by a later application of 107 M TTX [Fig. 7(F)],
indicating that BotIT5 (as well as BotIT4; not shown) induced a permanent resting Na*
conductance.

In voltage-clamp mode, BotIT1 (10 ug/ml) did not modify the potassium currents
recorded in the presence of 107*M TTX (not shown), but clearly slowed the sodium
current inactivation when depolarizing pulses were applied from a holding potential of
—60mV to 0mV in 10 mV steps [Fig 8(A,B)]. This indicates that BotIT1 slowed
inactivation of Na* channels. This effect resembles the toxic effect described with other
anemone and scorpion toxins (see Hille, 1992), and is consistent with the plateau potentials
observed in current-clamp. The deactivation process of the Na* current at the end of the
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pulses was fast and normal; e.g. in Fig. 8(B), the maintained Na™* current returned to zero
in less than 0.4 msec.

BotIT4 and BotIT5, in voltage-clamp mode, blocked progressively the Na* current but
not the outward K * current [Fig. 8(C-E)]. Compared with the actions of BotIT1, the block
of voltage-dependent sodium conductance was very slow, but after a 3045 min application
no transient inward Na* current could be recorded. The suppression of this
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Fig. 6. Binding of (A) anti-AaHIT and (B) anti-LqqIT2 on BotIT1 (A) and BotIT4; BotITS (¢)
at 5 ug/ml preadsorbed on plates.

ELISA tests were conducted as described in Materials and Methods. (C) Inhibition of binding of

'] labeled BotITl to anti-AaHIT serum by BotIT1 (A) and BotlT4; BotITS (¢). The

concentration of BotIT1 giving 50% inhibition is 0.1 nM. B/T, Bound on total radioactivity.






