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The soluble venom from the Brazilian scorpion Tityus serrulatus Lutz and Mello was fractionated on 
Sephadex G-50 followed by ion exchange chromatography in carboxymethyl-cellulose, resolving at least 10 
different toxic components. In this communication the purification and chemical characterization of four major 
components is reported. The toxins were found to be single polypeptide chains with molecular weights of 
approximately 7.000, 61-63 amino acid residues and four disulphide bridges. Amino terminal sequence 
determination of these toxins after reduction and alkylation revealed three unique sequences up until residue 
fourty-one. For toxin 11-11 (14) and toxin III-10 the N-terminal sequence is: Lys-Glu-Gly-Tyr-Leu-Met-Asp- 
His-G•u-G•y-Cys-Lys-Leu-Ser-Cys-Phe-••e-Arg-Pr•-Ser-G•y-Tyr-Cys-G•y-Arg-G•u-Cys-G•y-••e-Lys-Lys-G•y- 
Ser-Ser-Gly-Tyr-Cys-Ala-Trp-Pro. Toxin 1II-8 has the following N-terminal sequence: Lys-Glu-Gly-Tyr-Ala- 
Met-Asp-His-Glu-Gly-Cys-Lys-Phe-Ser-Cys-Phe-Ile-Arg-Pro-Ala-Gly- Phe-Cys-Asp-Gly-Tyr- Cys- Lys-Thr- 
His-Leu-Lys-Ala-Ser-Ser-Gly-Tyr-Cys-Ala-Trp-Pro. Toxin IV-5 has the N-terminal sequence: Lys-Lys-Asp- 
Gly-Tyr-Pro-Val-Glu-Tyr-Asp-Asn-Cys-Ala-Tyr-lle- Cys-Trp-Asn-Tyr-Asp-Asn-Ala-Tyr-Cys-Asp-Lys-Leu- 
Cys-Lys-Asp-Lys-Lys-Ala-Asp-Ser-Gly-Tyr-Cys-Tyr-Trp-Val. 
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1. INTRODUCTION 

Scorpion toxins are polypeptides containing 
from 36-70 amino acid residues cross-linked by 
four disulphide bridges (1, 11, 20, 23). These 
toxic peptides have attracted the attention of 
many groups of scientists because they interfere 
with basic events that normally take place in 
biological membranes (4, 8, 18, 20). The best 
characterized scorpion toxins are from speci- 
mens collected in North Africa or North 
America (1, 3, 7, 12, 15, 20). We have 
previously shown (14) that the venom of the 
South American scorpion T. serrulatus contained 
several toxic components, from which toxin 
II-11 (3') has been that most studied. Some 
preliminary results on the three-dimensional 
structure of these molecules have recently been 
published (17). Nevertheless, the complete pri- 
mary structure of the toxins from T. serrulatus 
scorpion venom is not known. This paper 
attempts to give further information on the 
chemical composition and amino terminal amino 
acid sequence of the four major mammalian 
toxins purified from the venom of T. serrulatus. 
Part of this data was presented during the 4th 
European Symposium on Animal, Plant and 
Microbial Toxins (16). 

2. MATERIALS AND METHODS 
2.1. Materials 

The venom from the scorpion T. serrulatus 
was a gift from the Instituto Butantan, S ~  
Paulo, Brazil. The dried venom was kept at 
-20  ~ When needed, it was dissolved in 0.02 
M-ammonium acetate buffer, pH 4.7, at an 
approximate concentration of 80 mg. ml -I and 
spun down in a Sorval Centrifuge (rotor SS-34, 
15,000 rpm for 15 minutes). The supernatant 
called soluble venom, was used for lethality tests 
and preparation of the individual toxins. 

Sephadex G-50 (medium and fine) were 
products of Pharmacia Fine Chemicals, Uppsala, 
Sweden. Carboxymethyl cellulose, CM-32, was 
purchased from Whatman Inc., Clifton, New 

Jersey. Dialysis tubing, Spectrapor Type 3 with a 
molecular weight cutoff of approximately 3500 
was from Spectrum Medical Industries, Los 
Angeles, Ca., USA. Dithiothreitol was from 
Calbiochem-Behring Corp., La Jolla, Ca. and 4- 
Vinylpyridine was a product of Merck-Schu- 
chardt, West-Germany. 

For sequence determinations the following 
chemicals were employed. Polybrene, phenyli- 
sothiocyanate, heptafluorobutyric acid, l-propa- 
nol, trifluoroacetic acid, butylchloride and ben- 
zene were all Sequanal grade reagents from 
Pierce Chemicals, Rockford, I11., USA. Sequena- 
tor grade heptane was obtained from Fluka AG, 
Switzerland. N, N, N', N'-tetrakis(2-hydroxy- 
ethyl)ethylene diamine (THEED) was obtained 
from ICN-K&K Laboratories Inc., Plainview, 
N.Y. and used without further purification. 
Ethyl acetate (UV solvent grade) was purchased 
from Merck Chemicals, West Germany. Both 
THEED and ethylacetate were found to be free 
of aldehydes as determined by the Tollen's 
reaction (6). 

All other chemicals were analytical reagent 
grade. Distilled water was used throughout. 

2.2. Lethality tests 

The mouse lethality of various protein frac- 
tions was observed after intraperitonial injection 
of different amounts of protein in 0. I-0.3 ml of 
NaCl (or ammonium acetate buffer) into adult 
18-20 g albino mice (strain NMRI). The LDs0 of 
the soluble venom was obtained graphically by 
plottin,~ the percentage of deaths at 20 h versus 
the logarithm of the dose (ten mice at each dose 
and twelve different doses of increasing concen- 
tration). To define the toxicity of the various 
chromatographic components, three designa- 
tions were used. >>Lethah< means that the 
component at the dose injected was enough to 
kill the tested mouse within 20 h of injection. 
>>Toxic<< means that the mouse shows any of the 
following symptoms: excitability, salivation, 
temporary paralysis of rear limbs, dyspnea but 

Abbreviations: CM = carboxymethyl, DTT = dithiothreitol, HPLC -- high performance liquid 
chromatography, PE = reduced and pyridylethylated, Polybrene -- 1,5-dimethyl-l,5-diazundecamethylene 
polymethobromide, PTH = phenylthiohydantoin, THEED = N, N, N', N'-tetrakis(2-hydroxyethyl)ethylene 
diamine, T. -- Tityus. 
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recovered within 20 h after injection. >>Non- 

toxic<< means normal behaviour similar to 

injection of  0.9 % NaCI. Protein concentration, 

unless otherwise specified, was measured by 
A I  c m  

spectrophotometry assuming that 1 ~280nm unit 

= 1 m g . m l  -I. 

2 . 3 .  P u r i f i c a t i o n  of  t o x i n s  

The purification procedure followed in this 

work  is a modification of  that previously 

published (14). Initial fractionation of  the soluble 

venom was accomplished using a large Sephadex 

G-50 column (1.8 • 200 cm) equilibrated and 

eluted with 0.02 M-ammonium acetate buffer, 

pH 4.7 (Figure 1). The toxic fractions II, III and 

IV were each subsequently submitted to ion 

exchange chromatography on CM-cellulose. The 

CM-cellulose columns were previously equili- 

brated with 0.02 M-ammonium acetate, pH 4.7 

and, after sample application, developed with a 

linear gradient of  NaC1 from 0 to 0.55 M as 

indicated in Figures 2 to 4. The major toxic 

componems were rechromatographed on CM- 

cellulose (Figures 5 and 6). Polyacrylamide gel 

electrophoresis in the 13-alanine-urea system of 
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Figure 1. Fractionation of the soluble venom. 
A 1.8• cm column of Sephadex G-50, 

medium, equilibrated with 0.02 M-ammonium ace- 
tate, pH 4.7 was loaded with 3.8 ml of soluble venom 
containing 192 absorbance units at 280 nm and eluted 
with the same buffer at a flow rate of 24 ml.h -I. 
Fractions of 3 ml were collected and pooled as in- 
dicated by the horizontal bars. For recoveries and 
lethality tests see Table 1. 
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Figure 2. Ion exchange separation of the fraction [I from Sephadex G-50. 
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A 0.9 • 27 cm column of CM-32 equilibrated with 0.02 M-ammonium acetate, pH 4.7 was used. Fraction II 
(44 absorbance units at 280 nm in 40 ml) was loaded, followed by passage of the equilibration buffer. A linear 
gradient containing 240 ml each of equilibration buffer and this buffer containing 0.55 M-NaCI was started as 
indicated. The flow rate was 28 ml.h -1 and fractions of 1.85 ml were collected. The fractions were pooled as 
shown by horizontal bars and overall recovery of applied material was 95.3 %. L = loading, G = start of 
gradient. 
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Figure 3. Ion exchange separation of the fraction 111 from Sephade• G-50. 

A 0.9 x 27 cm column of CM-32 equilibrated with 0.02 M-ammonium acetate, pH 4.7 was loaded with 
fraction I l l  (103 absorbance units at 280 nm in 220 ml) and eluted under conditions identical to those in Figure 
2. Fractions of 2.4 m] were collected and pooled as indicated by the horizontal bars. Recovery was 95.7 %. L = 
loading, G -- start of gradient, W = start of high salt wash. 
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Figure 4. Ion exchange separation of the fraction IV from Sephadex G-50. 

A 0.9 • 27 cm column of CM-32 equilibrated with 0.02 M-ammonium acetate, pH 4.7 was loaded with 
fraction IV (72.3 absorbance units at 280 nm in 273 ml) and eluted under identical conditions as in Figure 2. 
Fractions of 2.0 ml were collected and pooled as indicated by the horizontal bars. Overall recovery was 98.3 %. 
L = loading, G = start of gradient. 

198 Carlsberg Res. Commun. Vol. 46, p. 195-205, 1981 



0.6 

E 
c- 

o 
oO 
c'q 

< 

0.4 

0.2 

0.0 

0.8 

0.6 

0.4 

L. D. POSSANI et al.: Scorpion toxin sequences 

O.2 

(a) 

m/" 

�9 - 0.55 
/ 

f l  

/ , / , / ,  "//~}~i% 0.450.35 

, I 0.25 

0 . 0  ~ I 
0 70O 
t 
/ G 

I 

0 
(b) o Z I 

//~ A 
250 350 

,~.] 0.55 

w / �9 I 
0.45 

0.35 

]0.25 
450 

Volume (ml) 
Figure 5. Final purification of Toxins II-I1 and Ill-10. 

Fractions II- 1 I and III- I 0 were rechromatographed on CM-cellulose under the same elution conditions as for 
Figure 2. The flow rate was 30 ml. h -I and fractions of 2.4 ml were collected and pooled as indicated by the 
horizontal bars. 
a) Fraction II-11. 13 absorbance units at 280 nm in 70 ml equilibration buffer were loaded. Toxin 1I-1 I, as 

recovered, constituted 90 % of the material applied. 
b) Fraction III-10. 22 absorbance units at 280 nm in 62 ml equilibration buffer were loaded. Toxin III-10 

amounted to 86 % of the material applied, L - loading, G = start of gradient. 

REISFELD (19) Was used to determine the homo- 
geneity of  the isolated toxins. Toxicity to mice 

was ascertained after each step of  chromatogra- 

phy. Dialysis to remove salt after each of  the 

CM-cellulose steps was made against water or 

appropriate buffer. 

2.4. Reduction and pyridylethylation 

Reduction of  the scorpion toxins was accom- 
plished using Dithiothreitol (DTT). Typically, 1 

mg toxin ( = 150 nmoles protein) was dissolved 

in 1 ml of  0.2 M-Tris-HCI buffer, pH 8.6, 
containing I mg E D T A  and 6 M-guanidine 

hydrochloride. One drop of  l-octanol was added 

and the solution purged with a stream of  N2 for 

10 minutes. DTT (1.54 mg, 10 ramoles) was 

added and the solution was purged an additional 

10 minutes with N2. After 2 hours at 35 ~ the 

reduced toxin was alkylated by addition of  4- 

vinylpyridine (10 lal,  92 vmoles). After 30 

minutes at room temperature, the reduced 

pyridylethylated toxin was chromatographed on 

a Sephadex G-50 (fine) column (2.5 cm • 120 
cm) using 20 % acetic acid as eluant. The protein 
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Figure 6. Final purification of Toxins III-8 and IV-5. 
Fractions 11I-8 and IV-5 were rechromatographed on CM-cellulose under identical conditions to Figure 2 

except that the gradient for IV-5 was from 0.0 to 0.45 m-NaCI. The fractions (2.4 ml) were pooled as indicated 
by the horizontal bars. 
a) Fraction I11-8. 34 ml equilibration buffer containing 16.3 absorbance units at 280 nm was applied to the 

column. The pure Toxin 111-8 recovered was 80% of the material applied. 
b) Fraction IV-5. 9.5 absorbance units at 280 nm in 64 ml equilibration buffer was loaded. Toxin IV-5 

recovered free of contaminants constituted 61% of the material applied. L = loading, G - start of gradient. 

peak was pooled (Figure 7) and lyophilized prior 
to sequence determination. 
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Figure 7. Gel filtration of alkylated Toxin III-10. 
One mg of the reduced alkylated toxin was loaded 

on the column (2.5 • 120 cm, Sephadex G-50, fine) 
and eluted with 20 cX, acetic acid. The flow rate was 
30 ml. h -I and fractions of 5 ml were collected. The 
fractions corresponding to the first peak were pooled 
as indicated by the horizontal bar. The recovery was 
quantitative. 

2.5. Amino acid analysis 

Samples for amino acid analysis were hydro- 

lyzed in vacuo for 24 and 48 hours at I I 0 ~  in 

5.7 m-HCl. The amino acid analyses were 

performed on a Dur rum D-500 amino acid 
analyser. The values for serine and threonine 

were obtained by extrapolation to zero time, 

whereas the values for valine and isoleucine were 

obtained after 48 hours hydrolysis. Half-cystine 

was determined as pyridylethyl cysteine. All 

results are expressed as molar  ratios. 

2.6. Amino acid sequence determination 

Automated EDMAN degradation was perfor- 
med using a Beckman 890C Sequencer accor- 

ding to the procedure of  EDMAN & BEGG (5). The 

use of  T H E E D  instead of  Quadrol as coupling 

buffer has been previously described (2, 10). 

Beckman program 122974 (single cleavage, fast 
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Table I. 

Recovery and lethality of 

L. D. POSSANI et al_: Scorpion toxin sequences 

chromatographic components 

Column used Protein component % Recovery a) Lethalityb) 

Sephadex G-50 Soluble venom 100 25 
(Fig. 1 ) Fraction I 11.4 nontoxic 

Fraction |I 41.3 lethal 
Fraction III 27.8 lethal 
Fraction IV 19.5 lethal 
protein recovered 83 

CM-cellulose 
(Fig. 2) 

CM-cellulose 
(Fig. 3) 

CM-cellulose 
(Fig. 4) 

Fraction II 100 
unbound protein 0.5 not tested 
11- I 1.4 not tested 
II-2 3,7 non toxic 
II-3 1.4 non toxic 
1I-4 + 5 17.5 non toxic 
II-6 26.7 non toxic 
II-7 10.2 non toxic 
II-8 1.2 toxic 
II-9 3.9 lethal 
I1-10 2.5 lethal 
II- I 1 29.7 lethal 
side-tubes c 1.3 non toxic 
protein recovered 95.3 

Fraction III 100 
unbound protein 0.8 not tested 
III- 1 2.9 non toxic 
III-2 2.0 non toxic 
III-3 2.1 non toxic 
III-4 2.3 non toxic 
III-5 5,9 non toxic 
III-6 I 1.5 toxic 
III-7 24.9 lethal 
111-8 16.6 lethal 
111-9 8. I toxic 
II1-10 22.4 lethal 
side tubes c 0.5 not lested 
protein recovered 95.7 

Fraction IV 100 
IV-1 (unbound protein) 59.0 non toxic 
IV-2 3.0 not tested 
IV- 3 17.2 non toxic 
IV-4 1.0 not tested 
IV-5 12.8 lethal 
IV-6 6.0 lethal 
IV-7 0.3 toxic 
side-tubes c 0.7 not tested 
protein recovered 98.3 

a) The values reported are percentages calculated from the number of  absorbance units at 280 nm recovered. 
b) Protein was injected intraperitoneally into 20 g mice. Numerical value is microgram of  protein required to kill 

50 % of  a test group (LDs0). When  small amounts of  toxin required a qualitative assay then 20-40,  ~ag of  
protein was injected into one or two mice. The terms >>non-toxic<<, >)toxic<< and >)lethal(< are defined in section 
2.2. 

c) Absorbance from tubes located in troughs between peaks. 
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protein Quadrol) was used throughout the 
analyses. 

All samples were applied to the cup dissolved 
in 30 % acetic acid and dried using the Beckman 
Sample Application Subroutine (Program 
02772). In all cases Polybrene (22) and the 
dipeptide glycylalanine (3 mg Polybrene and 100 
nmoles dipeptide in 300 ~ H20) were added to 
the cup and two steps of degradation were 
performed prior to introduction of the reduced 
alkylated toxin. Addition of glycylalanine with 
Polybrene appears to eliminate reactive sites in 
the Polybrene which could cause blockage of the 

amino terminus of the protein (toxin) to be 
sequenced. The loss of available amino terminal 
groups can be up to 50 % when small amounts 
of protein are being sequenced and no precau- 
tions to avoid this loss are taken (9). 

Identification of PTH-amino acids was made 
by HPLC using a Hewlett-Packard chromato- 

graph 1084 B as described previously (21). 
Additional information was obtained from thin 
layer chromatography (13). 

3. RESULTS AND DISCUSSION 

The purification procedure followed here was 
slightly different from that previously used (14). 
The larger Sephadex G-50 column allowed the 
fractionation of the soluble venom into at least 
four distinct fractions (Figure 1). Fraction I was 
not toxic to mice but contains hyaluronidase 
activity as previously reported (14). Fractions II 
to IV, however, were all lethal to mice and were 
further separated using CM-cellulose with a 
different buffer system than before. The initial 
CM-cellulose chromatography provided several 
components as shown in Figures 2 to 4. The 
yield and toxicity of all chromatographic steps is 
listed in Table I. The four major lethal fractions; 

Table II. 

Amino acid composition of toxins from the venom of Tityus serrulatus Lutz and Mello a) 

Amino Acid Toxin II- 11 Toxin III- 10 Toxin III-8 Toxin IV-5 

Asp 3.7 (4) o 3.8 (4) o 4.9 (5) 0 9.5 (10) f) 
Thr b) 0.9 (1) 1.1 (1) 1.9 (2) 1.9 (2) 
Ser b) 3.8 (4) 3.9 (4) 2.8 (3) 2.8 (3) 
Glu 3.1 (3) 3.3 (3) 2.2 (2) 2.0 (2) 
Pro 3.0 (3) 2.8 (3) 2.8 (3) 2.8 (3) 
Gly 8.0 (8) 8.0 (8) 6.0 (6) 4.0 (4) 
Ala 3.0 (3) 3.0 (3) 5.6 (6) 2.9 (3) 
Val c) 1.8 (2) 2.0 (2) 1.9 (2) 1.8 (2) 
Met 0.9 (1) 0.9 (1) 0.9 (1) 0.0 (0) 
Ile c) 1.9 (2) 2.0 (2) 1.8 (2) 1.8 (2) 
Leu 3.0 (3) 3.1 (3) 1.3 (1) 3.0 (3) 
Tyr 4.5 (5) 4.7 (5) 5.3 (5) 7.7 (8) 
Phe 1.0 (1) 1.1 (1) 2.9 (3) 0.0 (0) 
His 1.0 (1) 1.0 (1) 2.7 (3) 1.0 (1) 
Lys 5.5 (6) 6.2 (6) 6.9 (7) 6.7 (7) 
Arg 2.6 (3) 2.8 (3) 1.0 (1) 0.0 (0) 
Half-Cys a) 8.0 (8) 6.3 (6-8) 6.5 (6-8) 7.0 (6-8) 
Trp e) n.d. n.d. n.d. n.d. 

Total 58 + Trp 58 + Trp 60 + Trp 58 + Trp 
mol.wt.g ) 6313 6313 6569 6525 

a) residues/mole based on glycine = 8,8,6, and 4 for II- I 1, III-I 0, III-8 and IV-5 respectively, 
b) extrapolated to zero time, 
c) value after 48 hours of hydrolysis, 
d) determined as pyridylethyl-cysteine after reduction and alkylation (recoveries varied from 65-95 % ), 
e) n.d. - not determined, 
0 numbers in parenthesis represent the nearest integer, 
g) molecular weight calculated without tryptophan and assuming 8 half-cystines. 
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II-I l, III-8, III-10 and IV-5, were dialyzed prior 
to rechromatography on CM-cellulose columns 
(Figures 5 and 6) and were found to be 
homogeneous (a single band) on polyacrylamide 
gel electrophoresis in the ~-alanine-urea system 
(19). The lethality to mice was in the same range 
of magnitude for each i.e., approximately 10 to 
20 rag toxin (from amino acid analysis assuming 
a molecular weight of 7000) per mouse of 20 g. 
The amino acid composition of these four toxic 
fractions is found in Table II. 

Clearly, the chemical characterization of the 
major toxic components by automatic Edman 
degradation is of the utmost importance for 
determining the exact nature and number of 
toxins in the scorpion venoms. Prior to sequen- 
cing, the individual toxic fractions had been 
reduced and pyridylethylated. 

Fourty-six cycles in the Sequencer using 50 
nmoles of the reduced pyridylethylated-Toxin 
II- 11 established the N-terminal sequence 
through residue 41 confirming the first 29 
amino acid residues previously published (14). 
Only one amino acid residue was found in each 
step and the repetitive yield was 95 % (Figure 8). 

The first fourty-one amino acid residues from 
the N-terminal were identified using 100 nmoles 
of PE-toxin III-8 in the Sequencer. The repetitive 
yield was 96% and the sequence is found in 
Figure 8. 

PE-toxin III- 10 (90 nmoles) was submitted to 
46 cycles of degradation with a repetitive yield of 
95%. The first fourty-one amino acids were 
identified and are identical with those determined 
for II-11. Because the amino acid analysis also 
appeared to be the same, III-10 and II-11 are 
presented as one sequence in Figure 8. 

Reduced alkylated fraction IV-5 (50 nmoles) 
was sequenced successfully through residue 
fourty-one. The repetitive yield was 96% 
through step 37. The single unique amino acid 
sequence is presented in Figure 8. 

From the amino acid compositions and the 
sequence comparison of the toxins, it would 
appear that there are at least three distinct major 
toxins in the venom of Tityus serrulatus. 

The elution pattern of the soluble venom on 
Sephadex G-50 and the subsequent CM-cellulose 
chromatography suggested that toxin II-11 and 
toxin III-10 were two distinct species. However, 

A: 

B: 

C: 

I 5 10 15 20 
Ly s-G1 u-Gly-T yr!L eu ,l-Met-Asp-Hi s-Gl u-Gl y-Cys-Lys .I-L euI7 Ser-Cys-Phe-II e-Arg-Pro71 

I I I I I 
Lys Glu Gly Tyr'Ala'Met Asp His Glu Gly Cys Lys'Phe'Ser Cys Phe lle Arg Pro' 

. . . .  T . . . . . . . . . . .  

I ' -- I-~-~II ] Trlr 1 I ~I-Z~--I ~ ~I-~----Z" 
o-Va -  

21 25 
A: Ser~Gl y-Ty r-Cys,l- G1 y-Arg-Gl u I 

AlaiGl-~-.C s-At~so-Gl T r B: - ~ -  Y - P7 Y- Y " 

C: Asn-Al aTTyr-Cys-Asp-Lys- Leu- 

30 35 
CY--~Is-,~ II e - l~ ]  ---IF~-I-I G 1 Y ~ Se r- Se r- G I I  y-Ty r-Cy s- 

Cys Lys Thr His Leu'Lys Ala Ser Ser Gly Tyr Cys 

cs- si s-  i, - - i -  y - y ~ p-ILyS~ i ys-A a~Asp~Ser-Gly-TyriCys- 

4O 

A: A1 a-Trp- Pro~... 
k 

I 
B: AlaiTTrP- ~ 
C iYr~t~rPTva - 

Figure 8. Comparison of the amino terminal amino acid sequences of A: Toxin 11-I 1 (identical with lII-10), B: 
Toxin III-8, and C: Toxin IV-5 from the scorpion Tityus serrulatus Lutz and Mello. 

Half-cystines have been aligned in all three sequences and gaps are introduced to maximize homology. The 
numbering system for amino acid positions has been adapted accordingly. Residues which are invariant in the 
toxins are enclosed in boxes. 
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from the amino acid composition (Table II) and 
the amino terminal sequence data presented here 
we can only surmise that the two toxin fractions 
are identical. For this reason and until the 
complete sequence is finished and the disulphide 
bridges are placed we refer only to toxin II-11. 

Comparison of the amino terminal sequences 
of the toxins was made after alignment of the 
invariant half-cystine residues and introduction 
of gaps in order to maximize the sequence 
homology. As can be seen in Figure 8 there is 
striking similarity between Toxin III-8 and 
Toxin II-11 0ILl0)  with identical amino acid 
residues in 29 of the 41 positions determined. If, 
however, Toxin IV-5 is compared with either 
III-8 or II-11 the number of identical residues 
drops to 15 for both toxins. There are several 
areas of high homology which are common to all 
three sequences: positions 2-5, 23-25 and par- 
ticularly 33-42. This latter area, containing 10 
amino acid residues, is identical in 6 positions in 
all three toxins. Nevertheless, the low number of 
identical residues is unusual for toxins from the 
same animal. This low degree of homology in 
the amino terminal sequence is the first such case 
reported. All other scorpion venoms studied, 
both North American and North African show 
extensive homology among the variant toxins in 
the same venom (20), Another interesting 
finding is that Toxin IV-5 has sequence regions 
which are homologous to North African scor- 
pions and at the same time other sequence 
regions which are more similar to North 
American scorpions. The North African scor- 
pion Buthus occitanus paris toxin I and II has the 
sequence Asnli-Cysl2-Alal3-Tyrt4 (20) while 
Androctonus mauretanicus mauretanicus Toxin 
V, also from North Africa, has the sequence 
Asn19-Ala20-Tyr21-Cys22-Asp23 (20) both sequ- 
ences present in Toxin 1V-5. The most striking 
example of sequence homology when comparing 
IV-5 with North American scorpion toxins is 
the region: Gly37-Tyr38-Cys39-Tyr40 which is 
also found in our Toxins ILl  ] and III-8 along 
with several variant toxins from Centruroides 
sculpturatus EwlN~ (1)and from Centruroides 
noxius HOFFMANN (see accompanying paper). 

Toxins I I - I I  and Ill-8 are typical of the North 
American scorpion toxins, having amino termi- 
nal sequences which are identical in several 
regions with those of Centruroides noxius 

HOFFMANN, Centruroides sculpturatus EWING 
and Centruroides suffusus suffusus (1, 20). 
Examples of these sequence regions are Lys2- 
GIu3-GIy4-Tyrs, Glyji-Cys12-Lys13, and Gly37- 
Tyr38-Cys39-Ala41. 

Also worth noting is the repeating sequence 
which occurs in the toxins of T. serrulatus. In 
both Toxin II- l i  and I11-8 the recurring Gly- 
Tyr-Cys is found at positions 22-24 and 37-39, 
while Gly-Tyr repeats at positions 4-5 and 37-  
38 in all three toxins. Cys-Lys can be found at 
positions 12-13 and 28-29 in Toxin III-8 and at 
positions 12-13 in Toxin II - l l  and positions 
28-29 in Toxin IV-5. 

Little is known about the mode of action of 
these toxins, except for Tityustoxin, another 
toxin obtained from T. serrulatus venom by 
DINlZ et al. (4). The scarcity of data available on 
the amino terminal amino acid sequence of 
Tityustoxin suggests that Toxin IV-5 and 
Tityustoxin are possibly the same molecule. 

Toxin II-I1 (y) is now being studied 
(CARBONE, WANKE, PRESTIeINO, MAELICKE, POS- 
SANI, unpublished observations) in the isolated 
squid giant axon under voltage clamp experi- 
ments. It appears to be a good reversible and 
specific blocker of  the voltage dependent sodium 
channel (inward current, only). 

Presently we are carrying out experiments for 
the complete elucidation of the primary structure 
of these toxins as well as the confirmation of the 
physiological effects recently observed. 
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