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Abstract In this study, we isolated and pharmacologically char-
acterized the first a-like toxin from the venom of the scarcely stud-
ied Iranian scorpionOdonthobuthus doriae. The toxin was termed
OD1 and its primary sequence was determined: GVRDA-
YIADDKNCVYTCASNGYCNTECTKNGAESGYCQWIGR-
YGNACWCIKLPDEVPIRIPGKCR. Using the two-electrode
voltage clamp technique, the pharmacological effects of OD1were
studied on three cloned voltage-gated Na+ channels expressed in
Xenopus laevis oocytes (Nav1.2/b1, Nav1.5/b1, para/tipE). The
inactivation process of the insect channel, para/tipE, was severely
hampered by 200 nMofOD1 (EC50 = 80 ± 14 nM) while Nav1.2/
b1 still was not affected at concentrations up to 5 lM. Nav1.5/b1
was influenced at micromolar concentrations.
� 2005 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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1. Introduction

Voltage-gated Na+ channels (VGSCs) are membrane span-

ning proteins responsible for action potentials in neurons

and most excitable cells [1]. Until this date nine mammalian

(Nav1.1–Nav1.9) and three insect VGSCs have been cloned

[2,3]. Since VGSCs play an important physiological role in ver-

tebrates and invertebrates, they are targeted by toxins from

animal venoms and plants [4].

Most scorpion neurotoxins targeting VGSCs are single chain

polypeptides composed of 60–70 amino acids cross-linked by

4-disulfide bridges [5–7]. These polypeptides comprise two

main groups: a- and b-toxins [8–10]. Scorpion a-toxins bind

to site 3 and prolong the action potential by slowing the inac-

tivation of VGSCs. According to their different pharmacolog-

ical and binding properties, the a-toxins can be further divided

into three subgroups, classical a-, a-like and insect a-toxins.
Classical a-toxins (e.g., AaHII, LqhII) are highly toxic to

mammals, whereas the insect a-toxins (e.g., LqhaIT) are highly
toxic to insects. The more recently characterized a-like toxins

(e.g., BmK M1, LqhIII) act on both mammals and insects,

but are unique in their inability to bind to rat synaptosomes

despite a high toxicity by intravenous injection [8,11–14].

The Iranian yellow scorpion Odonthobuthus doriae is a mem-

ber of the Buthidae family. The genus Buthus, with the two

species doriae and odonturus, are endemic to the Old World,

mainly the Middle East [7,15]. Specifically, the scorpion de-

scribed here can be found in the central and southern part of

Iran. Its sting can cause various effects ranging from local pain,

inflammation and necrosis to muscle paralysis and hematuria.

Since very little is published about this scorpion and the bioac-

tive substances in its venom, we tried to determine whether

VGSC toxins were present.

As a consequence, we report here the isolation and pharma-

cological characterization of OD1, the first a-like toxin from

the venom of the Iranian yellow scorpion O. doriae scorpion.

2. Materials and methods

2.1. Purification
500 mg of the crude venom (gift from Dr. Akbary; Vaccine and Ser-

um production and Research Institute of Razi, Karaj, Iran) was dis-
solved in 10 ml of mobile phase (100 mM ammonium acetate in
water, pH 6.8) (Merck, Germany). After sample clarification by centri-
fugation, fractionation was carried out using two 210 · 3.5 cm Sepha-
dex� G50 columns in series (flow rate: 1 ml/min) (Pharmacia, Sweden)
at room temperature (20–22 �C) [16,17]. Absorbance was measured at
280 nm. Toxicity guided separation of various protein fractions was
accomplished after i.v. injection into mice (white, male, 18–20 g). Frac-
tion 4, containing the toxin, was further purified by ion exchange chro-
matography (Pharmacia) using a 2.5 · 15 cm column (elution buffers:
Tris 50 mM at pH 8 (solution A) and Tris 50 mM at pH 8 plus 1 M
NaCl (Solution B)). The first equilibrium step of 60 ml of solution A
was followed by a gradient from solution A to solution B (240 ml).
The flow rate was 2 ml/min and the absorbance was measured at
280 nm.

Abbreviations: DTT, dithiothreitol; MS, mass spectrometry; RP-
HPLC, reversed-phase high performance liquid chromatography;
TEVC, two-electrode voltage clamp; TFA, trifluoro acetic acid;
VGSC(s), voltage-gated Na+ channel(s)
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Lyophilized fraction 3 of the ion exchange chromatography was fur-
ther purified on a semi-preparative reversed-phase high performance li-
quid chromatography (RP-HPLC) Vydac� C8 column (250 · 10 mm,
5 lm) (Hesperia, CA, USA) equilibrated with 0.1% w/v trifluoro acetic
acid (TFA). Elution was performed using a linear gradient (20–30%) of
acetonitrile containing 0.1% w/v TFA in 45 min (flow rate 3 ml/min).
Absorbance was recorded at 215 nm. The final purity of the toxin
was assessed on an analytical Supelco� RP-HPLC column
(250 · 4.6 mm, 5 lm) using solution A (0.1% TFA in water) and solu-

tion B (0.1% TFA in acetonitrile) with a gradient up till 60% B over a
period of 45 min (SMART�, Pharmacia). Flow rate and absorbance
were 500 ll/min and 214 nm, respectively.

2.2. Mass spectrometry
The molecular mass of OD1 and fragments generated by enzymatic

cleavage were determined by MALDI-TOF mass spectrometry (MS)
on a Reflex IV (Bruker Daltonics GmbH, Germany) using a recrystal-

Fig. 1. Purification of OD1 from the venom of O. doriae. (A) Crude venom (500 mg) was dialyzed and 107 mg was fractionated by gel filtration.
Toxic fraction 4 was recovered and dried. (B) Ion exchange chromatography of fraction 4 (9 mg) obtained in (A). Solution B consists of Tris 50 mM
(pH 8) plus 1 M NaCl. (C) Fraction 3 (2 mg) of the ion exchange step was further purified using a C8 column. Fractions eluting at 26.9 min (*) were
recovered and dried (800 lg). (D) The purity of the toxin was assessed on an analytical RP-HPLC C18 column. OD1 encompasses about 1% of the
total venom.
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