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The scorpion venom-derived excitatory and depressant insect-selective polypeptide neurotoxins mod-
ify sodium conductance in insect neuronal membranes and differ greatly in their primary structures and
symptoms induced in blow fly larvae. We report here the purification and characterization of a new insect
selective toxin, LqhIT5. LqhIT5 is more similar to the excitatory toxins in its mode of action and the
depressant toxins in its primary structure. This toxin is a single polypeptide composed of 61 amino acids
that are cross linked by four disulfide bonds. When LqhIT5 is injected into blow fly larvae, a fast con-
traction paralysis occurs without depressant activity. No mammalian toxicity was detected by subcutane-
ous or intracranial injections of this toxin into mice. Sequence comparison of LqhIT5 and known depres-
sant toxins shows a high degree of similarity among the amino acids located on the C-terminus of the
toxins. However, there are some clear differences in the amino acids located close to the N-terminus of
the toxins. By the aid of homology modeling, we demonstrated that these amino acids have the same
orientation in the tertiary structure of the molecule and are exposed to the environment. The change in
the mode of action of LqhIT5 (no depressant activity) by substitutions of a few amino acids located on a
specific exposed area of the toxin shed a new light on the structure/function relationship of scorpion
toxins. These results caution that similarity in the mechanism of action of scorpion toxins does not always
follow from an overall similarity in sequence.
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Scorpion venoms contain a number of polypeptide toxins K1 channels [1, 2] and the large polypeptides (60270 amino
acids) with four disulfide bridges that mainly affect sodiumthat specifically block or alter gating properties of ion channels.

Among those toxins are the small polypeptides (30240 amino channels [325]. The latter group of toxins can be subdivided
into mammalian toxins [4, 6] which are responsible for humanacids) with three or four disulfide bridges which mainly affect
envenomation, and the insect-selective toxins which are shown

Correspondence toB. D. Hammock, Departments of Entomology to modify the sodium conductance exclusively in insect neuronal
and Environmental Toxicology, University of California, Davis, CAmembranes [7, 8]. The insect-selective toxins are subdivided
95616, USA

into two categories which can easily be distinguished accordingAbbreviations.AaIT, excitatory insect toxin derived from the venom
to their effect on blow fly larvae and their amino acid sequencesof the scorpionAndroctonus australis; AaIT5, insect toxin derived from
(Table1). One category of the insect-selective toxins include thethe venom of the scorpionAndroctonus australis; BaIT2, a depressant
depressant toxins which, so far, are composed of 61 amino acidsinsect-selective toxin derived from the venom of the scorpionButhacus

arenicola; BotIT2, toxin derived from the venom of the scorpionButhus and induce a slow progressive onset of flaccid paralysis pre-
occitanus tunetanus; CPU, dose that causes a contractile paralysis toceded by a short transient phase of contractility [5]. The other
50% of the animals ; FPU, dose that causes a flaccid paralysis to 50%category of the insect-selective toxins is the excitatory toxins
of the animals ; LqhAIT, A insect toxin derived from the venom of the which, so far, are composed of 70 amino acids and induce an
scorpionLeiurus quinquestriatus hebraeus; LqhIT2, depressant insect- immediate reversible fast contraction paralysis upon injectionselective toxin derived from the venom of the scorpionLeiurus quin-

[3]. There is a high sequence similarity among the toxins in eachquestriatus hebraeus; LqhIT5, excitatory insect-selective toxin derived
category, however, the similarity between categories is muchfrom the venom of the scorpionLeiurus quinquestriatus hebraeus;
lower [5]. Recently, new depressant toxin analogs (analogous inLqhIV, toxin derived from the venom of the scorpionLeiurus quin-

questriatus hebraeus; LqqIT1, excitatory insect-selective toxin derived sequence but not in activity) named BotIT2 and AaIT5 were puri-
from the venom of the scorpionLeuirus quinquestriatus quinquestriatus; fied from the venoms of the scorpionsButhus occitanus tuneta-
LqqIT2, depressant insect-selective toxin derived from the venom of thenusandAndroctonus australisHector, respectively. BotIT2 was
scorpion Leiurus quinquestriatus quinquestriatus; LqqIII, LqqIV, A shown to have high sequence similarity to the depressant insect
mammalian toxins derived from the venom of the scorpionLeiurus toxins. However, an excitatory activity in insects and some
quinquestriatus quinquestriatus.

mammalian toxicity were also reported [9]. AaIT5 also showedNote.The novel amino acid sequence mentioned in this paper has
high sequence similarity to the depressant toxins but did notbeen deposited with the Protein Identification Resource and European
show mammalian toxicity upon injection into mice. No depres-Bioinformatics Institute (EBI) data bases and are available under acces-

sion numbers A59006 and P81240, respectively. sant or excitatory activity was reported for AaIT5 when injected
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into larvae of the blow fly. Moreover, this toxin showed high Elmer diode array detector which was controlled by Perkin
Elmer Omega-4 software. The final step of purification wastoxicity to larvae ofLepidopterabut very low toxicity to blow

fly larvae [10]. carried out using a Reliasil C18 reverse-phase column on a
microbore HPLC (Michrom Bioresources Inc.). The column wasWe report here the purification and characterization of a new

excitatory insect-selective toxin from the venom of the scorpion equilibrated in buffer A. The toxic fraction (as determined by
injection into blow fly larvae) that was obtained by the reverse-Leiurus quinquestriatus hebraeus(LqhIT5). This toxin is similar

to the excitatory toxins in its action and similar to the depressant phase C4 chromatography was loaded onto the C18 column and
eluted in a linear gradient of 0260% buffer B over 60 min at atoxins in its primary structure. LqhIT5 is 61 amino acids and has

high sequence similarity to the known depressant insect-selec- flow rate of 50µl/min. Absorbency was monitored at 214 nm
and peaks were collected accordingly.tive toxins but does not show the depressant activity of flaccid

paralysis. In the present study, the importance of the change in Purity determination. Following two HPLC steps, the
homogeneity and purity of the toxin was evaluated by severalthe mode of action without changing the selectivity of the toxin

towards insects is discussed. techniques including free solution capillary electrophoresis
(Applied Biosystems model 270A). The 75-cm uncoated fused-
silica capillary was equilibrated for 4 min with 20 mM sodium
citrate, pH 2.9, and the toxin (0.2 mg/ml) was loaded using vac-EXPERIMENTAL PROCEDURES
uum for 2 s. The running buffer was 20 mM sodium citrate,
pH 2.9, the electric potential was 20 kV and the absorbance wasVenom. Venom of the scorpionLeiurus quinquestriatus

hebraeuswas obtained from Sigma Chemical Co. monitored at 214 nm. Peak areas were integrated. The purity of
the toxin was also evaluated by analytical isoelectric focusingTest animals.Larvae of the blow flySarcophaga falculata

were bred in our laboratory as previously described [11]. Swiss (IEF) utilizing cast polyacrylamide gels (Ampholine PAGplate
pH 3.529.5; Pharmacia Biotech) and pI markers in the rangeWebster mice (three weeks of age) were obtained from Charles

River and were housed according to approved animal care 3.529.3 (Pharmacia Biotech). Proteins were visualized by stain-
ing with Coomassie brilliant blue G-250 [13].protocols.

Bioassays.For the data reported in this study, the toxicity of Sequence determination.LqhIT5 was reduced and alkylated
by incubation in 6 M guanidine hydrochloride, 0.1 M Tris/HCl,LqhIT5 was determined on the material following microbore

HPLC purification and its purity evaluated by other analytical pH 8.3, containing1 mM EDTA and 20 mM dithiothreitol for
1 hour at 37°C. Iodoacetic acid was added to a final concentra-methods including capillary electrophoresis, isoelctric focusing,

mass spectrometry and a single amino acid in the first cycle of tion of 50 mM and incubated for an additional1 hour at 37°C
in the dark. The N-terminal sequence of the reduced and alkyl-amino acid sequencing. Three replicates of 25240 blow fly (S.

falculata) larvae each were injected with each of the toxins. The ated toxin was determined using a HP GS1000 sequence ana-
lyzer by automated Edman degradation (in the Protein Structuredose causing contractile paralysis in 50% of the animals (CPU)

was determined (using the method developed by Reed and Lab at U. C. Davis, USA).
Mass spectrometry.The molecular mass of LqhIT5 was de-Muench [12]) as that needed for a fast contraction paralysis

1-min post-injection of the toxin into an abdominal intersegmen- termined using electrospray mass spectrometry on a VG/Fisons
Quattro-BQ mass spectrometer (VG Biotech). An IscoµLC-500tal membrane, and the dose causing a flaccid paralysis in 50%

of the animals (FPU) was determined as that needed for a pro- syringe pump delivered the mobile phase (acetonitrile/water,
50:50, by vol.) at 5µl/min. Solutions of purified peptides weregressive flaccid paralysis 5-min post-injection. The symptoms

induced by depressant insect-selective toxin derived from the analyzed by direct flow injection using an injection volume of
10 µl. Spectra were obtained in positive-ion mode using a capil-venom ofL. quinquestriatus quinquestriatus(LqhIT2) and excit-

atory insect toxin derived from the venom ofAndroctonus lary voltage of1 3.5 kV, a cone voltage of 50 V and a source
temperature of 65°C. Spectra were scanned over the range 5002australis (AaIT) were used for comparison with a standard

depressant and standard excitatory toxin, respectively. The toxic-1500 m/z at a rate of 20 s/scan; 20 scans were combined using
the VG MCA acquisition mode. Molecular masses were deter-ity towards mice was evaluated 24 hours after subcutaneous or

intracranial injection of the toxin. Mice were monitored for mined using the maximum entropy deconvolution algorithm
(MaxEnt) to transform them/z range 65021500 to give a truesymptoms throughout the 24-hour period.

Column chromatography. Lyophilized venom (50 mg) of mass scale spectrum. Mass calibration was performed using
horse heart myoglobin (Sigma Chemical Co.).L. quinquestriatus hebraeuswas homogenized in 2 ml10 mM

ammonium acetate, pH 6.4, and the insoluble material removed Homology modeling.The coordinates for the three-dimen-
sional structure of depressant insect-selective toxin derived fromby centrifugation at 27000g for 20 min. The supernatant was

collected and the pellet was resuspended in 2 ml10 mM ammo- the venom ofL. quinquestriatus hebraeus(LqhIT2) were ob-
tained from Swiss-Model Protein Modeling Server [14216].nium acetate, pH 6.4, homogenized and centrifuged again. This

extraction was repeated four times to maximize the yield of The amino acid sequence of LqhIT2 was submitted and the coor-
dinates of the structure of the amino acids 4260 were obtainedprotein extracted from the venom. The supernatant from all the

extractions was loaded on a low-pressure cation-exchange as a PDB file. The structure of this molecule was visualized
and plotted using the software written by Roger Sayle, RasMolcolumn (10 ml), using CM-52 cellulose (Whatman) equilibrated

in 10 mM ammonium acetate, pH 6.4, at a flow rate of10 ml/ Molecular PDB Visualization Software.
Protein determination. The amount of protein was deter-hour. The fraction that did not bind to the cation-exchange

column was further fractionated by HPLC (Perkin Elmer Series mined using the bicinchoninic acid protein assay (Pierce) with
bovine serum albumin as the standard.410 pump) reverse-phase chromatography using a Vydac C4 col-

umn (4.6 mm3250 mm). The column was equilibrated in 5%
acetonitrile containing 0.1% trifluoroacetic acid (buffer A), and
the fraction was loaded onto the column and eluted with a linearRESULTS
gradient of 0260% buffer B for 70 min at a flow rate of 0.6 ml/
min. Buffer B was 95% acetonitrile containing 0.1% trifluoro- Purification of LqhIT 5. The crude venom (50 mg protein) of

L. quinquestriatus hebraeuswas loaded onto a10-ml cation-acetic acid. The fractions were monitored at 214 nm on a Perkin
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Fig.2. Purity determination of LqhIT 5. The purity of LqhIT5 was eval-
uated by free-solution capillary electrophoresis and by isoelectric focus-
ing. Capillary electrophoresis (a). LqhIT5 (0.2 mg/ml) was loaded onto
a free-solution capillary column equilibrated in 20 mM sodium citrate,
pH 2.9 by vacuum for 2 s. The sample was eluted from the capillary
using an electric force of 20 kV and absorbance was monitored at
214 nm (a). Isoelectric focusing (b). Proteins were focused on a cast
polyacrylamide gels (Ampholine PAGplate pH 3.529.5; Pharmacia Bio-
tech Uppsala, Sweden). Broad-range pI markers (Pharmacia) (A) and
LqhIT5 (B) were loaded onto the gel and were visualized by stainingFig. 1. Purification and mass determination of LqhIT5. The purifica-
with Coomassie brilliant blue G-250 [13]. The calculated pI value oftion of LqhIT5 was carried out as follows. The non-binding fraction from
LqhIT5 corresponded to 3.75.the ion-exchange column (1.4 mg protein) was further purified by a

reverse-phase C4 column (Vydac) using HPLC (a) as described in the
Experimental Procedures. The big peak that eluted from the column be-
fore LqhIT5 was identified as the depressant insect toxin LqhIT2 by crude venom of the scorpion. The toxicity of LqhIT5 was tested
several analytical methods such as identification with specific antibodies,by injection into blow fly larvae and mice. The amino acid se-
electrospray ionization mass spectrometry corresponded to a mass ofquence of LqhIT5 was determined. Only a single amino acid was
6576 Da, IEF resulted in a pI value of 6.7, comobility with pure LqhIT2 detected during the first cycle of Edman degradation.
on reverse-phase HPLC on a Vydac C4 column as well as symptomology
when injected to blow fly larvae (data not shown). The last step of purifi-

Primary structure determination. The amino acid sequence ofcation of LqhIT5 was carried out on a microbore HPLC (Michrom Bio-
LqhIT5 (Tables1 and 2) was determined in two steps. The N-resources Inc.) utilizing a reverse-phase C18 column (b) as described in

the Experimental Procedures. The molecular mass of LqhIT5 (c) was terminus (60 residues) of the reduced and alkylated toxin was
determined on a VG/Fisons Quattro-BQ mass spectrometer (VG Bio-determined using an HP G1000 sequence analyzer. The determi-
tech) using the maximum entropy deconvolution algorithm (MaxEnt) tonation of glycine at the C-terminus was carried out utilizing
transform the rangem/z 65021500 to give a true mass scale spectrum.electrospray ionization mass spectrometry and sequence com-
Mass calibration was performed using horse heart myoglobin (Sigmaparison to known toxins. The major peak in the MaxEnt-trans-Chemical Co.).

formed electrospray mass spectrum of purified LqhIT5 corre-
sponded to a molecular mass of 6668.5 Da (Fig.1c). The result
showed good agreement with the molecular mass calculatedexchange column (CM-52 cellulose) and the proteins were
from the amino acid sequencing (6677.11 Da theoretical) assum-eluted from the column. Absorbance was monitored at 280 nm
ing that four disulfide bridges are present in the native form ofand peaks collected. The toxic fraction which did not bind to
the peptide as it occurs in other scorpion toxins with a similarthe column (2 mg protein) was loaded directly on a Vydac C4

mass [17], and a glycine at the C-terminus of the toxin. Thisreverse-phase HPLC column. Absorbance was monitored at
assumption is supported by the 8-Da difference between the ex-214 nm and peaks were collected accordingly (Fig.1a). The
pected mass from sequence analysis (including the glycine resi-fraction designated as LqhIT5 (0.25 mg protein) was further
due and eight thiol groups) and the mass obtained from thepurified on a Reliasil C18 column using a microbore HPLC
electrospray ionization mass spectrometry of the native form of(Fig. 1b). The single peak accounted for.97% of the absorbing
LqhIT5 (with four disulfide bonds). It also is supported by thematerial from the column and no other peak accounted for.1%
difference between the expected pI (4.39) from the amino acidof the total absorbance detected. The purity and homogeneity
composition (using Prosis analysis) and the observed pI (3.75)of LqhIT5 was further evaluated using a free-solution capillary
on analytical IEF (Fig. 2b) as anticipated from four disulfideelectrophoresis system which resulted in a major peak account-
bonds.ing for . 95% of the absorbing material and showing no other

significant peaks (Fig. 2a), and analytical IEF resulted in a
single band (Fig. 2b). A balance study indicated that the amountToxicity of LqhIT 5. LqhIT5 did not show any toxicity or notice-

able symptoms when injected either subcutaneously (9µg/20 gof purified LqhIT5 corresponded to 0.5% of the proteins in the
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Table 1. Comparison of scorpion toxin amino acid sequences.Amino acids thought to confer depressant symptoms are shown in bold. BotIT5,
depressant insect-selective toxin derived from the venom ofButhus occitanus tunetanus.

Toxin Amino acid position

1 10 20 30 40 50 60 70

Depressant toxins LqhIT2 DGYIKRRDGC KVACLIGNEGCDKECKAYGG SYGYCWTWGL ACWCEGLPDD KTWKSETNTC G
LqqIT2 DGYIRKRDGC KLSCLFGNEGCNKLCKSYGG SYGYCWTWGL ACWCEGLPDE KTWKSETNTC G
BaIT2 DGYIRRRDGC KVSCLFGNEGCDKECKAYGG SYGYCWTWGL ACWCEGLPDD KTWKSETNTC G
BotIT5 DGYIRKRDGC KVSCLFGNEGCDKECKAYGG SYGYCWTWGL ACWCEGLPDD KTWKSETNTC G

Depressant toxin analogs BotIT2 DGYIKGYKGC KITCVINDDY CDTECKAEGG TYGYCWKWGL ACWCEDLPED KRWKPETNTC
AaIT5 DGYIKRHDGC KVTCLINDNY CDTECKREGG SYGYCYSVGF ACWCEGLPDD KAWKSETNTC D
LqhIT5 DGYIRGGDGC KVSCVIDHVF CDNECKAAGG SYGYCWGWGL ACWCEGLPAD REWKYETNTC G

Excitatory toxins AaIT KKNGYAVDSSG KAPECLLSNY CNNQCTKVHYA DKGYCCL-L SCYCFGLNDDK KVLEISDTRKSYCDT TIIN
LqqIT1 KKNGYAVDSSG KAPECLLSNY CYNECTKVHYA DKGYCCL-L SCYCVGLSDDK KVLEISDARKKYCDF VTIN

Table 2. Similarity of scorpion toxins. The similarity was calculated using the computer software Hibio ProsisTM (Hitachi Software Engineering
Co. Ltd) which compares identity between pairs of amino acids. BotIT5, depressant insect-selective toxin derived from the venom ofB. occitanus
tunetanus.

Toxin Similarity of

LqhIT2 LqqIT2 BaIT2 BotIt5 LqhIT5 BotIT2 AaIT5 AaIT LqqIT1

%

LqhIT2 100 85 95 95 74 69 75 36 34
LqqIT2 100 90 91 66 60 60 35 32
BaIT2 100 98 72 66 72 35 34
BotIT5 100 72 66 73 35 34
LqhIT5 100 69 66 31 32
BotIT2 100 72 30 32
AaIT5 100 34 34
AaIT 100 87
LqqIT1 100

Table 3. Toxicity towards larvae of blow fly (S. falculata). Data for the known depressant toxins (75% identity to LqhIT2). However,
LqhIT2 are from [5]. unlike the depressant insect-selective toxins, LqhIT5 elicited

classical excitatory paralysis when injected into insects with
Toxin CPU FPU no flaccid paralysis detected upon its injection. LqhIT5 is an

acidic protein with pI value of 3.75, that is highly potent towardng/100 ml larvae
insects (7 ng/100 mg larvae of blow fly) but shows no toxicity
when injected into mice (4µg/20 g mouse by intracranial in-AaIT 2.5 2 a

jection).LqhIT2 50 50
LqhIT5 7.0 2 a Previous studies revealed that insect-selective toxins can be

divided into two categories, the excitatory and the depressant
a Flaccid paralysis was not detected when a high doses of 0.5 mgtoxins. Those toxins were shown to share a high degree of se-

toxin or serial dilutions down to1 ng were injected into100 mg larvae. quence similarity within each category (i.e. excitatory toxins are
80290% identical and depressant toxins are 80290% iden-
tical). However, a low amount of similarity exists (30235%

mouse) or intracranially (4µg/20 g mouse) into mice. LqhIT5 identity) between the excitatory and the depressant toxins. Re-
had an excitatory effect with high toxicity when injected intocently, Nakagawa et al. [10] characterized a depressant toxin
blow fly larvae (7 ng/100 mg larvae). This toxicity is compara- analog by sequence (AaIT5) with no depressant or excitatory
ble to the toxicity of the excitatory insect toxin AaIT (Table 3)activity and a very low toxicity toward larvae of blow fly. In
and, unlike the depressant toxin LqhIT2, LqhIT5 did not cause a addition, Borchani et al. [9] reported purification of a new toxin
flaccid paralysis when injected into blow fly larvae (Table 3)from the venom ofButhus occitanus tunetanus(BotIT2). The
5 min post injection. amino acid sequence of this toxin shows high similarity to the

amino acid sequence of the depressant toxins. However, due to
the fact that this toxin demonstrated an excitatory activity inDISCUSSION electrophysiological studies and mammalian toxicity upon
injection into mice, BotIT2 was not characterized as an insectThe present study reports the purification and characteriza-

tion of a new insect-selective excitatory toxin. This toxin selective toxin. BotIT2 as well as the depressant insect toxins
were shown to affect the sodium channels in electrophysiologi-(LqhIT5), derived from the venom of the Israeli yellow scorpion

L. quinqestriatus hebraeus,showed a high sequence similarity to cal studies [5, 8, 9].
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Fig. 3. Three-dimensional structure of the amino acids located at positions 4−60 of LqhIT 2. The amino acid sequence of the toxin LqhIT2 was
submitted to the Swiss-Model Protein Modeling Server and the coordinates for the three-dimensional structure were obtained. The molecule was
visualized using the RasMol program and is displayed in the same orientation of the molecule in (a) and (b). (a) Carbon trace of the molecule
which demonstrates the basic scaffold that is composed of anA helix, two β strands (plotted as arrows) and the loops that connect them. This basic
scaffold of the molecule is common to all scorpion toxins, even those with different activities (see Discussion). Therefore, this tertiary structure of
LqhIT2 is similar to the tertiary structure of the depressant toxins analog LqhIT5 which has 75% similarity to LqhIT2 (Table 1). The N-terminus
and C-terminus of the peptide (a) are indicated by NH1

3 and COO2, respectively. (b) Predicted orientation of the amino acids that distinguish
between the depressant toxins (such as LqhIT2) and the depressant toxin analogs (such as LqhIT5). These amino acids are thought to be important
to the depressant activity of the flaccid paralysis of the toxin (in dark gray and numbered corresponding to the sequence of the toxin in Table1,
bold) are exposed to a certain orientation of the environment and might affect a specific location on the insect sodium channel causing the flaccid
paralysis effect.

The binding of the long chain scorpion toxins to the sodium on the solution NMR structures of Var3 [22] and Var1 [30], of
channels was shown to involve multi-site attachments. The a typical depressant toxin (LqhIT2) has a variable region at
insect-selective toxins bind in close proximity on the sodiumresidues12-20 and several other key amino acids though to
channels [18] and the depressant toxins are able to displace theresult in flaccid paralysis (Fig. 3a and b). Moreover, these amino
excitatory toxins from their binding sites [19]. However, the de- acids demonstrate a unique hydrophobicity pattern in the tertiary
pressant toxins do not displace theA insect toxins from their structure of the molecule with a strict discrepancy between a
target sites on the sodium channels [20]. Interestingly, analysishighly hydrophobic region (amino acids12217, 37 and Trp38)
of the three-dimensional structure of scorpion toxins affectingand a highly hydrophilic region (amino acids18, 19, 23, 28 and
different target sites and having diverse mode of action (AaHII the lysine residue at position 26). The mammalian toxicity of
[21], Var3 [22], AaIT [23], charybdotoxin [24], PO5-NH2 [25] BotIT2 can be related to the lysine residued located in positions
and chlorotoxin [26]) reveal that they share the same basic8 and 37 and the arginine residue at position 53, which differ
scaffolding in the molecular structure. The toxins are compactfrom all other depressant and depressant-analog insect toxins.
molecules with a defined core consisting of anA helix, three The results of this study and the structural information de-
anti-parallelβ strands, and several loops connecting them. Scor-scribed above suggest that the core structure of the scorpion
pion toxins with very high sequence identity (95%) and structuretoxin molecules that include theA helix and the threeβ strands
similarities can show a different insect/mammalian toxicity ratio.serve as a scaffold to anchor specific amino acids at the correct
For example,A insect toxin derived from the venom ofL. quin- orientation in three-dimensional space (Fig. 3). These amino
questriatus hebraeus(LqhAIT) [27] differs in three amino acids acids and not the length of the chain appear to determine the
from A mammalian toxins derived from the venom ofL. quin-

insect or mammalian selectivities and whether the mode of
questriatus quinquestriatus(LqqIII) [28] and is a more potent

action of the toxin will be excitatory or depressant. Our resultsinsect toxin than the latter. In addition, the toxin derived from
with toxins fromL. quinquestriatuscaution that minor changesthe venom ofL. quinquestriatus quinquestriatus(LqhIV) differs
in specific regions of the toxin can lead to major changes inin two amino acids from LqqIV [29] and has a higher insect
pharmacology so that groups of toxins based on length or ap-toxicity than LqqIV (Herrmann, R., unpublished results).
parent identity in sequence may not necessarily reflect the bio-Sequence comparison of depressant and depressant-analog
logical effects of the toxins.scorpion toxins shows a high degree of similarity among the

Insect-selective toxins are used as pharmacological tools foramino acids located at the C-terminus of the toxins. However,
the characterization of the insect sodium channel and as potencythere are some clear differences with those amino acids thought
enhancing factors when cloned into baculoviruses (as insect-se-to confer depressant symptoms (Tables1 and 2). These amino
lective biocontrol agents). LqhIT5 could serve as a tool for theacids include the arginine residue at position 7, lysine at position
clarification and identification of structures responsible for the23, tyrosine at position 28, thyreonine at position 37, threonine
animal group selectivity and the mode of action of scorpionat position 52 and a sequence of amino acids that are facing the
toxins. The comparison of changes of the three-dimensionalsame orientation in the tertiary structure of the molecule and
structure of the depressant and depressant-analog toxins couldinclude the amino acids located at residues12220, the lysine
explain the selectivity of the toxins (when compared to BotIT2)residue at position 23, the tyrosine residue at position 28 and the
and the depressant or excitatory mode of action of the toxins.threonine residue in positions 37. These residues are different in

the depressant analog group of toxins. A homology model, based The identification of structures or sequences responsible for in-
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