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ABSTRACT 

Scorpion venoms contain of variety of peptides toxic to mammals، insects and crustaceans. Toxic 
peptides are the main factors in scorpion venom causing toxicity, (their amount being 1-3%of total 
venom.). Most of the scorpion toxins have been isolated from the venoms of scorpions in the family 
Buthidae. The scorpion Buthotus Schach belonging to the Buthidae family is widely found in the western 
region of Iran, but no published articles has been found to date on its venoms. Therefore in this study, we 
aimed to isolate and purify mammalian toxins from the venom of the scorpion Buthotus Schach present 
in Iran. For this study the crude venom was dialyzed against deionized water for 48 hrs., and centrifuged 
in order to separate soluble proteins from the insoluble mucoproteins and the soluble proteins was 
applied on a sephadex G-50 gel filtration. The toxicity of each fraction was determined by I.V injection 
to mice and toxic fractions were further purified by two steps ion-exchange (anion) and RP-HPLC 
chromatography. The purity of the final toxic protein fractions was checked and confirmed by RP-HPLC 
column & SDS-PAGE. Finally two neurotoxins, termed BS311 and BS313 were purified. Results in this 
study showed that the LD50 of crude venom on mice is 84µg/mice and contain at least 20 peptides from 
high molecular weight to low molecular weight out of which two of the peptides which showed toxicity 
to mice were isolated and purified. LD50 of these toxins were determined to be 3 and 2.17µg/mice 
respectively. The molecular weight of the purified toxins BS311 and BS313 were 7860and 7600 Da, 
respectively, as determined by SDS-PAGE. In conclusion this study showed that the main factor in the 
toxicity of scorpion (Buthotus Schach) venom is low molecular weight peptides. 
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INTRODUCTION∗

Scorpion venoms contain a variety of peptides 
toxic to mammals, insects and crustaceans (Loret  & 
Hammock 2001, Zlotkin 2005). These toxic 
peptides can interact with ion channels with high 
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affinity and selectivity. These biological features 
make scorpion toxins useful tools for probing the 
structures of different ion channels and evaluating 
their physiological contribution to cell and organ 
behavior (Massensini et al 2002, Wanke & Restano-
Cassulini 2007). Scorpion venoms cause significant 
morbidity and mortality in many parts of the world 
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(Rajarajesward et al 1979). Previously, the majority 
of chemical and pharmacological studies of 
scorpion venoms were performed primarily for 
medical importance as poisons (Lazarovici et al 
1982). In addition, analyzing the relationships 
between the biological activity and three-
dimensional structure of scorpion toxins may 
provide useful information for the design of novel 
insecticides and therapeutics (Menez, 1998; Zlotkin 
et al 2000). Scorpion toxins can be divided into two 
groups according to their molecular size. One is the 
long chain peptide group with 60–80 residues cross 
linked by three or four disulfide bridges (Rodriguez 
de la Vega & Possani, 2005), and the other is the 
short-chain peptide group with 20–40 residues 
cross-linked by two to four disulfide 
bridges(Rodriguez de la Vega & Possani, 2004). 
The majority of the long- and short-chain peptides 
are specific for voltage-dependent Na+ and K+ 
channels, respectively (Miyashita et al 2007). To 
date, about 400 toxic peptides have been identified 
in scorpion venoms, mainly from those of the 
Buthidae family (Tan et al 2006). Currently, the 
studies are motivated by the ability of scorpion 
venoms toserve as pharmacological tools for the 
excitation of biological systems (Catterall 1980). 
The main focus has been placed upon the Buthidae 
family because some species within this family 
possess particularly potent venoms that can be 
harmful to humans. The scorpion Buthotus Schach 
belonging to the Buthidae family is widely found in 
the western region of Iran, but no studies have been 
carried out to date on its venoms. Here, we report 
the purification and characterization of two 
mammalian toxins from the venom of the scorpion   
Buthotus Schach. 

MATERIALS AND METHODS 

 Venom. Lyophilized crude venom was obtained 
from the Department of venomous animals and 
antivenom production, Razi Vaccine and Serum 

research Institute, Karaj, Iran. Crude venom (200 
mg) was dissolved in 10 ml deionized water. The 
venom solution was dialyzed against deionized 
water for 48 hrs. Then the venom solution was 
centrifuged at 14000×g for 17 min to remove the 
insoluble material. The supernatant containing the 
solubilized venom was used for the study.  
Gel filtration, ion exchange and reversed phase 
HPLC chromatography. Solubilized crude venom 
was applied to a 1.6 × 150 cm column containing 
sephadex G-50 equilibrated with a 0.1 M 
ammonium acetate buffer (pH 7.4). The flow rate 
was held at 60 ml/hr. Eight milliliter of solubilized 
venom (135 mg) was applied to the column and the 
eluted material was collected in 10 ml fractions. The 
optical absorbance of the eluent was measured at 
280 nm. Fractions were separated and toxicity of 
each fraction was determined by I.V injection to 
mice. Fraction displaying biological activity was 
pooled and dialyzed against deionized water after 
concentrated using poly ethylen glycol 
(PEG).Concentrated biologically active fractions 
was loaded on to a 2.5 × 50 cm column containing 
DEAE-Sepharose (Pharmacia Biotech, Piscataway, 
NJ) anion exchange resin column equilibrated with 
20 mM Tris buffer (pH 8.2) at. Fractions were 
eluted and collected with a linear gradient of NaCl 
from 0.0 to 0.5 M. The flow rate was 30ml/h and 5 
ml fractions were collected. Four absorbance peaks 
were observed and toxicity was determined as 
mentioned earlier. Fractions displaying biological 
activity were pooled and dialyzed against deionized 
water and concentrated using poly ethylen glycol 
(PEG). Fractions showing toxicity were applied on a 
C18 RP-HPLC column which was equilibrated with 
solvent A (H2O, 0.1% trifluoroacetic acid), and 
eluted with a concentration gradient of solvent B 
(acetonitrile, 0.1% trifluoroacetic acid) from 0 to 
100%, at a flow rate of 0.5 mL/min during 60 min. 
The peaks were monitored through the A280. Each 
RP- HPLC peak was collected individually and 
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lyophilized and each individual fractions were 
tested for toxic activity against mice. 
 SDS-Polyacrylamide gel electrophoresis (SDS-
PAGE). SDS-PAGE was performed using the 
following protocol: acrylamide (30%) and Bis 
acrylamide (0.8%) and potassium acetate were 
polymerized by ammonium sulfate and N, N, N’, 
N’-tetra methyl ethylene diamine (TEMED). A 5% 
stacking gel was applied above a 15% acrylamide 
resolving gel. The electrode buffer was potassium 
acetate (pH 4.3). Slab gels were stained in 0.25% 
Coomasie blue for 40 min and destained in 10% 
acetic acid and 30% methanol (Laemmli 1970, 
Schagger,  von Jagow  1987). 
Determination of molecular mass. 15% SDS-
PAGE was performed according to Laemmli (1970) 
and using molecular mass standard of low 
molecular mass ranging from 6.5 KDa to 45 KDa 
(Laemmli 1970, Schagger,  von Jagow,  1987). 
Measurement of lethal toxicity (LD50). The 
toxicity of crude venom and Fractions were assayed 
using albino mice (20.0 ± 2.0 g). Toxins were 
administered to mice by intra ventricular (i.v) 
injection. Method used for LD50 was based on 
Sperman & Karber method (1948). 
Purity analysis. Purity analysis carried out with 
HPLC on C18 column as previously described and 
SDS-PAGE. 
Protein determination. Protein concentration was 
measured by the method of Bradford et al (1976) 
using Bovine Serum Albumin (BSA) as a standard. 

RESULTS 

Fractionation of scorpion venom. Venom from 
the scorpion Buthotus schach was 200 mg before 
removing the mucoproteins. However after dialysis 
and centrifugation of sample, the amount of protein 
was reduced to 135mg. Figure 1 shows the results of 
adding 8 ml of solubilized venom (135 mg) to the 
column sephadex G-50. Six absorbance peaks were 
obtained (BS1 to BS6). When all the fractions were 

tested on mice for Toxicity, it was found that 
fraction BS3 showing toxicity to mice. The LD50 of 
crude venom was 84μg/mice and the yield after 
dialysis was 135mg that is 67.5% of crude venom 
(Table1). 

 
Table 1. Protein content, LD50 and yield of toxic fractions 
of scorpion (B. Schach) venom. 

 

 
The amount of protein in toxic fraction BS3 was 
estimated to be 47.6 mg which the yield was 
calculated to be 35.3% of 135 mg protein before 
fractionation. The LD50 of this fraction was 
estimated to be 49.2 μg/mice. Further purification 
was carried out by ion exchange chromatography on 
DEAE-Sepharose resin. Figure 2 shows the results 
of adding concentrated toxic fraction BS3 from the 
Sephadex G-50 column to an anion exchange 
column (DEAE sepharos). Four absorbance peaks 
were observed (BS31 to BS34). The fraction BS31 
showed toxic activity to mice. The LD50 of BS31 
fraction was found to be 19.8 μg/mice and the yield 
was calculated and found to be 17.1% which 
account for 23mg protein. The toxic fraction BS31 
was pooled, dialyzed and applied to a reverse-phase 
HPLC C18 column. Five peaks (BS311 to BS315) 
were obtained (Figure 3), Fractions BS311 and 
BS313 were Toxic to mice. The amount of protein 
of purified toxins BS311 and BS313 were estimated 
to be 0.72 and 1.52 mg respectively with the yields 
of 0.53% and 1.12% of 135 mg protein respectively. 
The LD50 of these toxins were estimated to be 3 
and 2.17μg/mice respectively (table 1).   

Yield 

(%) 

LD50(µg/mice) Protein(mg) Step 

67.5 84 135 Venom 

35.3 49.2 47.6 BS3 

17.1 19.8 23 BS31 

0.53 3 0.72 BS311 

1.12 2.17 1.52 BS313 
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Purity and Determination of molecular mass. 
The homogeneity of purified toxins was confirmed 
by SDS-PAGE and HPLC, as shown in Figure 4, 5 
and 6 respectively. Isolated BS311 and BS313 
showed high purity as analyzed by C18 reverse 
phase HPLC (Figures 4 & 5). The chromatographic 
profile of BS311 and BS313 samples at 280nm does 
not show the contaminating peptide. This toxins 
showed a single band in SDS–PAGE too (Figure 6). 
The molecular mass of this enzyme was estimated 
to be about 7860and 7600 Da respectively under 
reduced condition. 

DISCUSSION 

Venomous animals produce a variety of toxins of 
which only a tiny minority has been characterized to 
date. Because of generally high activity and high 
specificity of animal toxins, they are useful for 
study of highly complex biological mechanisms. 
Scorpion venoms are indispensable for studying the 
ion-channel functions. Over 400 scorpion toxins 
have been reported to date, but most of the 
insecticidal toxins isolated from scorpion venoms 
are long chain toxins with 6–8 kDa molecular 
masses and act on Na+ channels (Zlotkin et al 
2005). The venoms from scorpions belonging to 
Buthidae family are well characterized as peptide 
toxins  (Zlotkin et al 2005, Wudayagiri et al 2001, 
Inceoglu et al 2001, 2002, 2005, 2003). Buthoid 
venoms have been reported to affect a wide variety 
of vertebrate and invertebrate organisms (Zlotkin et 
al 2005) and their toxicity is attributed to the 
presence of a variety of polypeptides cross-linked 
by three to four disulfide bridges (Zlotkin et al 
1978, Rochat et al 2004). In this study, the yield of 
solubilized venom was 67.5% of crude venom. One 
the important part of scorpion venom is 
mucoprotein which is non toxic to mammalians. It 
seems that scorpion (B. Schach) venom extraction 
by electric shock causing the release of 

mucoproteins in the venom and the amount of 
mucoproteins was about 32.5%. The amount of 
mucoproteins in the venom of different scorpions 
varied by different methods of venom milking.  

 
 
 
 

Figure 1. Sephadex G-50 chromatography of Iranian Buthotus 
Schach scorpion.  Crude venom (135 mg) was applied to Sephadex 
G-50 column (3 × 150 cm) using buffer ammonium acetate 0.1 M 
and PH 7.5. Flow rate was 60 ml/hr and 9 ml fractions per tube 
were collected. 

 
We isolated, for the first time, toxins from the 
venom of the Iranian scorpion B. schach, termed 
BS311 and BS313. These neurotoxins were isolated 
and purified by a combination of gel filtration on 
Sephadex G-50 (Figure 1), ion-exchange 
chromatography on DEAE-Sepharose (Figure 2) 
and HPLC on C18 column (Figure 3). As toxins 
BS311 & BS313 have a net positive charge, it was 
submitted to anion exchange purification. The toxin 
did not bind onto the column and got out on flow-
through (Figure 2), while contaminant proteins did 
bind onto the column. This indicated that isoelectric 
point of these toxins, were low. Retention time of 
toxins BS311 and BS313 in HPLC were 8 and 16 
min respectively. The yield of purified toxin BS311 
and BS313 were found to be 0.53% and 1.12% 
which is in accordance with other studies (Darbon, 
et al 1983).  
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 Figure2. DEAE-Sepharose chromatography of BS3 
obtained from Sephadex G-50. The pooled fractions from 
Figure 1 were applied to DEAE-Sepharose column (2.5 × 
20 cm) equilibrated with 20 mM Tris±HCl buffer (pH 8.2). 
Proteins were eluted with a linear concentration gradient of 
NaCl from 0 to 0.5 M, and 5 ml fractions per tube were 
collected. 

 
 
 
 
 

Figure 3. HPLC chromatography of BS31 obtained from 
DEAE-Sepharose chromatography. BS31 was applied on an 
HPLC C18 column which was equilibrated with solvent A 
(H2O, 0.1% TFA), and eluted with a concentration gradient of 
solvent B (acetonitrile, 0.1% TFA) from 0 to 100%, at a flow 
rate of 0.5 ml/min during 60 min. 
 

Figure 4. Purity assay of BS311 by HPLC 
 

Figure 5. Purity assay of BS313 by HPLC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.  SDS-PAGE of M.W (A), BS311 (B), BS313 (C) and  
crude venom(D) was analyzed on SDS-polyacrylamide gel in 
the presence of 1% 2-mercaptoethanol 
 
The homogeneity of purified toxins can be 
determined by HPLC and SDS-PAGE which 
showed almost homogeneity. However to confirm 
the 100% homogeneity of purified toxins, it requires 
the method of mass spectroscopy. A few number of 
studies reported that the difficulties of standardizing 
the venom quality and LD50 determination are 
depend on various factors (Krifi et al 2006, 
Theakston et al 2003). In our study we used LD50 
mouse lethality assay. LD50 of crude venom and 
toxins (BS311 & BS313) of B.Schach scorpion were 

KDa

45 
36 

29 

24 

20 

14.2 

8.3 

6.5 
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found to be 84, 3 and 2.17µg/20 g mouse 
respectively. This indicates about 39 folds 
purification of toxins. Since scorpion’s toxins are 
resistant to denaturizing at room temperature, we 
carried out the whole process at room temperature 
(Jover et al 1980). Molecular mass  ranging toxins 
of Buthidae family scorpions were 5000 to 10,000 
Da (Pimenta et al 2001, Batista et al 2006, Caliskan 
et al 2006, Favreau et al 2006). Molecular mass 
determination of these neurotoxins performed by 
SDS-PAGE was about 7860and 7600 Da. for toxins 
BS311 and BS313 respectively. 

 

References 

Batista, C.V.F., D’Suze, G., Gomez-Lagunas, F., 
Zamudio, F.Z., Encamacion, S., Sevcik, C.,           
Possani, L.D., (2006). Proteomic analysis of Tityus 
discrepans scorpion venom and amino acid sequence 
of novel toxins. Proteomics 6, 3718–3727. 

 Bradford, M. M. (1976), Protein measurement. 
Analytical Biochemistry 72,248-254. 

 Caliskan, F., Garcia, B.I., Coronas, F.I.V., Batista, 
C.V.F., Zamudio, F.Z., Possani, L.D., (2006). 
Characterization of venom components from the 
scorpion Androctonus crassicauda of Turkey: peptides 
and genes. Toxicon 48, 12–22. 

Catterall, W.A., 1980. Neurotoxins that act on voltage-
sensitive sodium channels in excitable membranes. 
Annual Review Pharmarcology 20, 15–45. 

Darbon, H., Jover, E., Coraud, F., Rochat, H., (1983). 
Scorpion neurotoxin derivatives as potential markers of 
sodium channels. International Journal of Peptide 
Protein Research 22, 179–199. 

Favreau, P., Menin, L., Michalet, S., Perret, F., 
Cheyneval, O., Stocklin, M., Bulet, P., Stocklin, R.,( 
2006). Mass spectrometry strategies for venom 
mapping and peptide sequencing from crude venoms: 
case applications with single arthropod specimen. 
Toxicon 47, 676–687. 

Inceoglu, B., Lango, J., Wu, J., Hawkins, P., Southern, J., 
Hammock, B.D., (2001). Isolation and characterization 
of a  novel type of neurotoxic peptide from the venom 
of SouthAfrican Scorpion Parabuthus transvaalicus 
(Buthidae). European Journal of Biochemistry 268, 
5407–5413. 

Inceoglu, A.B., Hayashida, Y., Lango, J., Ishida, A.T., 
Hammock, B.D.,( 2002). A single charged surface 
residue modifies the activity of ikitoxin, a beta-type 
Na+ channel toxin from Parabuthus transvaalicus. 
Eur. J. Biochem. 269, 5369–5376. 

Inceoglu, B., Lango, J., Jing, J., Chen, L., Doymaz, F., 
Pessah, N., Hammock, D.,(2003). One scorpion, two 
venoms: prevenom of Parabuthus transvaalicus acts as 
an alternative type of venom with distinct mechanism 
of action. Proceeding of Natonal Academy Science 
USA 100, 922–927. 

Inceoglu, B., Lango, J., Pessah, I.N., Hammock, 
B.D.,(2005). Three structurally related, highly potent, 
peptides from the venom of Parabuthus transvaalicus 
possess divergent biologicalactivity. Toxicon 45, 727–
733. 

Jover, E., Couraud, F., Rochat, H. (1980). Two types of 
scorpion neurotoxin characterized by their binding to 
two separate receptor sites on rat brain synaptosomes. 
Biochemical and Biophysical Research 
Communications 64, 1607–1614. 

Krifi, M.N., Marrakchi, N., El Ayeb, M., Dellagi, K., 
(2006).  Effect of some variables on the in vivo 
determination of scorpion and viper venom toxicities. 
Biologicals 26,  277–288. 

Laemmli UK. Cleavage of structural proteins during the 
assembly of the head of bacteriophage, T4. Nature. 
(1970); 227: 680–5. 

Lazarovici, P., Yana, P., Pelhate, M., Zlotkin, N., 1982. 
Insect toxic components from venom of chactoid 
scorpion, Maurus palmatus (Scorpionidae). Journal of 
Biological Chemistry 257, 8397–8404. 

Loret, E.P., Hammock, B.D., (2001). Structure and 
neurotoxicity of venoms. In: Brownell, P.H., Polis, 
G.A. (Eds.), Scorpion Biology and Research. Oxford 
University Press, Inc., New York, NY, Pp. 204–233. 

Massensini, A.R., Suckling, J., Brammer, M.J.,Moraes-
Santos, T., Gomez, M.V., Romano-Silva, M.A.,(2002). 
Tracking sodium channels in live cells: confocal 
imaging using fluorescently labeled toxins. Journal of 
Neuroscience Methods 116, 189–196. 

Menez, A. (1998). Functional architectures of animal 
toxins: a clue to drug design? Toxicon 36, 1557–1572. 

Miyashita, M., Otsuki, J., Hanai, Y., Nakagawa, Y., 
Miyagawa, H., (2007). Characterization of peptide 
components in the venom of the scorpion Liocheles 
australasiae (Hemiscorpiidae). Toxicon 50, 428–437. 



Ghane, et al / Archives of Razi Institute, Vol. 63, No. 1, June (2008) 39-45 
 

45

Rezende, D.J., (1991). Probit Analysis, third ed. 
Cambridge University Press, London, p.331.  

Pimenta, A.M.C., Stocklin, R., Favreau, P., Bougis, P.E., 
Martin-Eauclaire, M.F., (2001). Moving pieces in a 
proteomic puzzle: mass fingerprinting of toxic fractions 
from the venom of Tityus serrulatus (Scorpiones, 
Buthidae). Rapid Commun. Mass Spectrom. 15, 1562–
1572. 

Rajarajesward, G., Sivaprakasara, S., Viswanathan, J.,( 
1979).  Morbidity and mortality in scorpion stings. A 
review of 68 cases. Journal of Indian Medicine 
Associations 73, 123–160. 

Rochat, H., Bernard, P., Couraud, F., (2004). Scorpion 
toxins: chemistry  and  mode of action. In: Ceccarelli, 
F. (Ed.), Advances in Cytopharmacology. Raven, New 
York, pp. 325–334. 

Rodriguez de la Vega, R.C., Possani, L.D.,( 2005). 
Overview of scorpion toxins specific for    Na+ 
channels and related peptides: biodiversity, structure–
function relationships and evolution. Toxicon 46, 831–
844. 

 Rodriguez de la Vega, R.C., Possani, L.D.,( 2004). 
Current views on scorpion toxins specific for K+-
channels. Toxicon 43, 865–875. 

Schagger, H., von Jagow, G., (1987). Tricine-sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis for 
the separation of proteins in the range from 1 to 100 
kDa. Analytical Biochemistry 166 (2), 368–379. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sperman, W.J., Karber, A.M., (1948). A method for 
obtaining and analyzing sensitivity data. J. Am. Statist. 
Assoc. 43, 109–126.Tan, P.T.J., Veeramani, A., 
Srinivasan, K.N., Ranganathan, S., Brusic, V., (2006). 
SCORPION2: a database for structure– function 
analysis of scorpion toxins. Toxicon 47, 356–363. 

 Theakston, R.A., Warrell, D.A., Griffiths, E.,( 2003). 
Report of a WHO workshop on the standardization and 
control  of antivenoms. Toxicon 41, 541–557. 

 Wudayagiri, R., Inceoglu, B., Herrmann, R., Derbel, M., 
Choudary, P.V., Hammock, B.D., (2001). Isolation and 
characterization of a novel lepidopteran-selective toxin 
fromthe venom of South Indian red scorpion, 
Mesobuthus tamulus. BMC Biochemistry. 2, 16. 

Wanke, E., Restano-Cassulini, R., (2007). Toxins 
interacting with ether-a` -go-go-related gene voltage-
dependent potassium channels. Toxicon 49, 239–248. 

Zlotkin, E., (2005). Scorpion venoms. In: Gilbert, L.I., 
Iatrou, K., Gill, S.S. (Eds.), Comprehensive Molecular 
Insect Science. Elsevier B.V., Oxford, Pp. 173–220. 

Zlotkin, E., Fishman, Y., Elazar, M., (2000). AaIT: from 
neurotoxin to insecticide. Biochimie 82, 869–881. 

Zlotkin, E., Miranda, F., Rochat, C., (1978). Chemistry 
and pharmacology of Buthinae scorpion venoms. In: 
Bettini, S. (Ed.), Arthropod Venoms. Springer, New 
York,  Pp. 317–369. 

 


	 
	INTRODUCTION( 
	Scorpion venoms contain a variety of peptides toxic to mammals, insects and crustaceans (Loret  & Hammock 2001, Zlotkin 2005). These toxic peptides can interact with ion channels with high affinity and selectivity. These biological features make scorpion toxins useful tools for probing the structures of different ion channels and evaluating their physiological contribution to cell and organ behavior (Massensini et al 2002, Wanke & Restano-Cassulini 2007). Scorpion venoms cause significant morbidity and mortality in many parts of the world (Rajarajesward et al 1979). Previously, the majority of chemical and pharmacological studies of scorpion venoms were performed primarily for medical importance as poisons (Lazarovici et al 1982). In addition, analyzing the relationships between the biological activity and three-dimensional structure of scorpion toxins may provide useful information for the design of novel insecticides and therapeutics (Menez, 1998; Zlotkin et al 2000). Scorpion toxins can be divided into two groups according to their molecular size. One is the long chain peptide group with 60–80 residues cross linked by three or four disulfide bridges (Rodriguez de la Vega & Possani, 2005), and the other is the short-chain peptide group with 20–40 residues cross-linked by two to four disulfide bridges(Rodriguez de la Vega & Possani, 2004). The majority of the long- and short-chain peptides are specific for voltage-dependent Na+ and K+ channels, respectively (Miyashita et al 2007). To date, about 400 toxic peptides have been identified in scorpion venoms, mainly from those of the Buthidae family (Tan et al 2006). Currently, the studies are motivated by the ability of scorpion venoms toserve as pharmacological tools for the excitation of biological systems (Catterall 1980). The main focus has been placed upon the Buthidae family because some species within this family possess particularly potent venoms that can be harmful to humans. The scorpion Buthotus Schach belonging to the Buthidae family is widely found in the western region of Iran, but no studies have been carried out to date on its venoms. Here, we report the purification and characterization of two mammalian toxins from the venom of the scorpion   Buthotus Schach. 
	MATERIALS AND METHODS 

	 V
	Gel filtration, ion exchange and reversed phase HPLC chromatography. Solubilized crude venom was applied to a 1.6 × 150 cm column containing sephadex G-50 equilibrated with a 0.1 M ammonium acetate buffer (pH 7.4). The flow rate was held at 60 ml/hr. Eight milliliter of solubilized venom (135 mg) was applied to the column and the eluted material was collected in 10 ml fractions. The optical absorbance of the eluent was measured at 280 nm. Fractions were separated and toxicity of each fraction was determined by I.V injection to mice. Fraction displaying biological activity was pooled and dialyzed against deionized water after concentrated using poly ethylen glycol (PEG).Concentrated biologically active fractions was loaded on to a 2.5 × 50 cm column containing DEAE-Sepharose (Pharmacia Biotech, Piscataway, NJ) anion exchange resin column equilibrated with 20 mM Tris buffer (pH 8.2) at. Fractions were eluted and collected with a linear gradient of NaCl from 0.0 to 0.5 M. The flow rate was 30ml/h and 5 ml fractions were collected. Four absorbance peaks were observed and toxicity was determined as mentioned earlier. Fractions displaying biological activity were pooled and dialyzed against deionized water and concentrated using poly ethylen glycol (PEG). Fractions showing toxicity were applied on a C18 RP-HPLC column which was equilibrated with solvent A (H2O, 0.1% trifluoroacetic acid), and eluted with a concentration gradient of solvent B (acetonitrile, 0.1% trifluoroacetic acid) from 0 to 100%, at a flow rate of 0.5 mL/min during 60 min. The peaks were monitored through the A280. Each RP- HPLC peak was collected individually and lyophilized and each individual fractions were tested for toxic activity against mice. 
	 SDS-Polyacrylamide gel electrophoresis (SDS-PAGE). SDS-PAGE was performed using the following protocol: acrylamide (30%) and Bis acrylamide (0.8%) and potassium acetate were polymerized by ammonium sulfate and N, N, N’, N’-tetra methyl ethylene diamine (TEMED). A 5% stacking gel was applied above a 15% acrylamide resolving gel. The electrode buffer was potassium acetate (pH 4.3). Slab gels were stained in 0.25% Coomasie blue for 40 min and destained in 10% acetic acid and 30% methanol (Laemmli 1970, Schagger,  von Jagow  1987). 
	Determination of molecular mass. 15% SDS-PAGE was performed according to Laemmli (1970) and using molecular mass standard of low molecular mass ranging from 6.5 KDa to 45 KDa (Laemmli 1970, Schagger,  von Jagow,  1987). 
	Measurement of lethal toxicity (LD50). The toxicity of crude venom and Fractions were assayed using albino mice (20.0 ± 2.0 g). Toxins were administered to mice by intra ventricular (i.v) injection. Method used for LD50 was based on Sperman & Karber method (1948). 
	Purity analysis. Purity analysis carried out with HPLC on C18 column as previously described and SDS-PAGE. 
	Protein determination. Protein concentration was measured by the method of Bradford et al (1976) using Bovine Serum Albumin (BSA) as a standard. 
	RESULTS 
	Fractionation of scorpion venom. Venom from the scorpion Buthotus schach was 200 mg before removing the mucoproteins. However after dialysis and centrifugation of sample, the amount of protein was reduced to 135mg. Figure 1 shows the results of adding 8 ml of solubilized venom (135 mg) to the column sephadex G-50. Six absorbance peaks were obtained (BS1 to BS6). When all the fractions were tested on mice for Toxicity, it was found that fraction BS3 showing toxicity to mice. The LD50 of crude venom was 84μg/mice and the yield after dialysis was 135mg that is 67.5% of crude venom (Table1). 
	 
	Table 1. Protein content, LD50 and yield of toxic fractions of scorpion (B. Schach) venom. 
	 
	Yield (%)
	LD50(µg/mice)
	Protein(mg)
	Step
	67.5
	84
	135
	Venom
	35.3
	49.2
	47.6
	BS3
	17.1
	19.8
	23
	BS31
	0.53
	3
	0.72
	BS311
	1.12
	2.17
	1.52
	BS313
	 
	The amount of protein in toxic fraction BS3 was estimated to be 47.6 mg which the yield was calculated to be 35.3% of 135 mg protein before fractionation. The LD50 of this fraction was estimated to be 49.2 μg/mice. Further purification was carried out by ion exchange chromatography on DEAE-Sepharose resin. Figure 2 shows the results of adding concentrated toxic fraction BS3 from the Sephadex G-50 column to an anion exchange column (DEAE sepharos). Four absorbance peaks were observed (BS31 to BS34). The fraction BS31 showed toxic activity to mice. The LD50 of BS31 fraction was found to be 19.8 μg/mice and the yield was calculated and found to be 17.1% which account for 23mg protein. The toxic fraction BS31 was pooled, dialyzed and applied to a reverse-phase HPLC C18 column. Five peaks (BS311 to BS315) were obtained (Figure 3), Fractions BS311 and BS313 were Toxic to mice. The amount of protein of purified toxins BS311 and BS313 were estimated to be 0.72 and 1.52 mg respectively with the yields of 0.53% and 1.12% of 135 mg protein respectively. The LD50 of these toxins were estimated to be 3 and 2.17μg/mice respectively (table 1).   
	Purity and Determination of molecular mass. The homogeneity of purified toxins was confirmed by SDS-PAGE and HPLC, as shown in Figure 4, 5 and 6 respectively. Isolated BS311 and BS313 showed high purity as analyzed by C18 reverse phase HPLC (Figures 4 & 5). The chromatographic profile of BS311 and BS313 samples at 280nm does not show the contaminating peptide. This toxins showed a single band in SDS–PAGE too (Figure 6). The molecular mass of this enzyme was estimated to be about 7860and 7600 Da respectively under reduced condition. 
	DISCUSSION 
	Venomous animals produce a variety of toxins of which only a tiny minority has been characterized to date. Because of generally high activity and high specificity of animal toxins, they are useful for study of highly complex biological mechanisms. Scorpion venoms are indispensable for studying the ion-channel functions. Over 400 scorpion toxins have been reported to date, but most of the insecticidal toxins isolated from scorpion venoms are long chain toxins with 6–8 kDa molecular masses and act on Na+ channels (Zlotkin et al 2005). The venoms from scorpions belonging to Buthidae family are well characterized as peptide toxins  (Zlotkin et al 2005, Wudayagiri et al 2001, Inceoglu et al 2001, 2002, 2005, 2003). Buthoid venoms have been reported to affect a wide variety of vertebrate and invertebrate organisms (Zlotkin et al 2005) and their toxicity is attributed to the presence of a variety of polypeptides cross-linked by three to four disulfide bridges (Zlotkin et al 1978, Rochat et al 2004). In this study, the yield of solubilized venom was 67.5% of crude venom. One the important part of scorpion venom is mucoprotein which is non toxic to mammalians. It seems that scorpion (B. Schach) venom extraction by electric shock causing the release of mucoproteins in the venom and the amount of mucoproteins was about 32.5%. The amount of mucoproteins in the venom of different scorpions varied by different methods of venom milking.  
	 
	 
	 
	 
	 
	We isolated, for the first time, toxins from the venom of the Iranian scorpion B. schach, termed BS311 and BS313. These neurotoxins were isolated and purified by a combination of gel filtration on Sephadex G-50 (Figure 1), ion-exchange chromatography on DEAE-Sepharose (Figure 2) and HPLC on C18 column (Figure 3). As toxins BS311 & BS313 have a net positive charge, it was submitted to anion exchange purification. The toxin did not bind onto the column and got out on flow-through (Figure 2), while contaminant proteins did bind onto the column. This indicated that isoelectric point of these toxins, were low. Retention time of toxins BS311 and BS313 in HPLC were 8 and 16 min respectively. The yield of purified toxin BS311 and BS313 were found to be 0.53% and 1.12% which is in accordance with other studies (Darbon, et al 1983).  
	 
	 
	 
	 
	 
	 
	Figure 3. HPLC chromatography of BS31 obtained from DEAE-Sepharose chromatography. BS31 was applied on an HPLC C18 column which was equilibrated with solvent A (H2O, 0.1% TFA), and eluted with a concentration gradient of solvent B (acetonitrile, 0.1% TFA) from 0 to 100%, at a flow rate of 0.5 ml/min during 60 min. 
	 
	Figure 4. Purity assay of BS311 by HPLC 
	 
	Figure 5. Purity assay of BS313 by HPLC
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	Figure 5.  SDS-PAGE of M.W (A), BS311 (B), BS313 (C) and  crude venom(D) was analyzed on SDS-polyacrylamide gel in the presence of 1% 2-mercaptoethanol 
	 
	The homogeneity of purified toxins can be determined by HPLC and SDS-PAGE which showed almost homogeneity. However to confirm the 100% homogeneity of purified toxins, it requires the method of mass spectroscopy. A few number of studies reported that the difficulties of standardizing the venom quality and LD50 determination are depend on various factors (Krifi et al 2006, Theakston et al 2003). In our study we used LD50 mouse lethality assay. LD50 of crude venom and toxins (BS311 & BS313) of B.Schach scorpion were found to be 84, 3 and 2.17µg/20 g mouse respectively. This indicates about 39 folds purification of toxins. Since scorpion’s toxins are resistant to denaturizing at room temperature, we carried out the whole process at room temperature (Jover et al 1980). Molecular mass  ranging toxins of Buthidae family scorpions were 5000 to 10,000 Da (Pimenta et al 2001, Batista et al 2006, Caliskan et al 2006, Favreau et al 2006). Molecular mass determination of these neurotoxins performed by SDS-PAGE was about 7860and 7600 Da. for toxins BS311 and BS313 respectively. 
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