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Noxiustoxin, component II-11 from the venom of scorpion Centrumides noxius HOFFMANN, was obtained in pure 
form after fractionation by Sephadex G-50 chromatography followed by ion exchange separation on carboxy- 
methylcellulose columns (17). The primary structure of Noxiustoxin, a polypeptide 39 amino acid residues long was 
determined by automatic EDMAN degradation and chemical cleavage with cyanogen bromide followed by amino 
acid analysis of the two resulting peptides. Its sequence is: Thr-Ile-Ile-Asn-Val-Lys-Cys-Thr-Ser-Pro-Lys-Gln- 
Cys-Ser-Lys-Pr•-Cys-Lys•Glu-Leu-Tyr-Gly-Ser-Ser•Ala-Gly-Ala-Lys-Cys-Met-Asn-Gly-Lys-Cys-Lys-Cys-Tyr- 
Asx-Asn, with a molecular weight of 4,184_+ 6. No histidine, arginine, tryptophan or phenylalanine was found. 
Noxiustoxin is the first short toxin directed against mammals and the first K + channel blocking polypeptide-toxin 
(4) found in scorpion venoms. 
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1. INTRODUCTION 

Until recently, the great majority of the scor- 
pion toxins were known to be polypeptides with 
molecular weights in the order of 7,000, com- 
posed of 57 to 66 amino acid residues cross-linked 
by four disulphide bridges (1,12,17,21) with a 
specificity directed towards the sodium channel 
(3,6,7,8,10,13,15). These toxins bind to excitable 
membranes only when the membrane is polar- 
ized (6). The presence of a potential difference 
across membranes from axons, ganglions, nerve 
ending terminals (synaptosomes), neu- 
roblastoma cells, etc., is a requirement for bind- 
ing to the Na + channels. A second type of scor- 
pion toxin called 13-toxin has been proposed re- 
cently (7). This type of toxin is until now 
represented by only one toxin purified from the 
venom of the Mexican scorpion Centruroides suf- 
fusus suffusus, and binds to rat brain synapto- 
somes independent of polarization (11). 

More recently, physiological experiments, on 
the squid giant axon, conducted with purified 
toxins from another Mexican scorpion Cen- 
truroides noxius (4) have suggested that there are 
several types of toxins. One of these, binds to the 
sodium channel and the other to the potassium 
channel, both binding effects are independent of 
the applied voltage and are fully reversible. In the 
same venom we have purified a third toxin that 
binds to synaptosomal membranes and a fourth 
toxin that affects specifically the neuromuscular 
system of crustaceans e.g. crayfish and crab 
(PoSSANI and MOCHCA-MORALES, unpublished 
observations). 

In this communication we present the chemi- 
cal characterization of the potassium channel 
blocking toxin, for which we propose the name: 
Noxiustoxin. 

2. MATERIALS AND METHODS 
2.1. Materials and lethality tests 

The collection of scorpions from Nayarit, 
Mexico, the preparation of the soluble venom, 
the chromatographic resins, the reagents and sol- 
vents were all the same as previously described 
(17). Similarly the lethality of the different frac- 
tions and pure toxins were followed according to 
our previous publication (17). 

2.2. Purification of Noxiustoxin 
The sample used for sequencing was obtained 

from the three peak-tubes of fraction 11 from 
Figure 2 of the preceeding publication (17). Ac- 
tually this material was a common pool from two 
independent runs. The side-tubes from fraction 
II-11 (Figure 2 ref. 17) still contain small con- 
taminants, as verified by polyacrylamide gel elec- 
trophoresis in the acetate-urea-13-alanine system 
of RElSFELO et al. (19). The electrophoretic mobi- 
lity of Noxiustoxin in this system is practically 
the same as the tracking dye: Pyronin Y. In order 
to use the entire fraction 11 for chemical and bio- 
logical studies a third purification step was intro- 
duced, which consists in a carboxymethylcellul- 
ose column equilibrated with 50 mM-sodium 
phosphate buffer, pH 6.0. The column (0.9 x 30 
cm) was eluted with a linear gradient of NaCI 
from 0 to 0.38 M, giving a major component 
(Noxiustoxin) with small contaminant compo- 
nents (L.D.PoSSANI and J. MOCHCA-MORALES, 
unpublished observations). The homogeneity of 
Noxiustoxin was verified by gel electrophoresis 
(19) and by amino acid sequencing. 

2.3. Reduction and carboxymethylation 
Reduction and alkylation with iodo[2- 

14C]acetic acid was done as described previously 
for other toxins (18). The RCM-toxin was chro- 
matographed on a Sephadex G-50 (2.5 x 120 cm) 
column. The material eluting at 195 to 230 ml 
was lyophilized and used directly for amino acid 
and sequence analyses. 

2.4. Amino acid analysis and sequence 
determination 

Two samples of RCM-toxin were hydrolyzed 
in 5.8 M-HCI at 110 ~ in vacuo for 24 and 48 
hours and analysed using a Durrum D-500 ana- 
lyzer as described (18). A third sample of unre- 
duced Noxiustoxin was hydrolyzed in the pre- 
sence of methanesulfonic acid by the technique 
of PENKE et al. (16) in order to determine a possi- 
ble tryptophan content, and analyzed as above. 

The methodology followed for automated ED- 
MAN degradation and identification of the de- 
rivatized PTH-amino acids was identical to the 
procedure described previously (9,17,18,22). 
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2.5. Cyanogen bromide cleavage and carboxypep- 
tidase treatment 

Due to the presence of a methionine residue in 
the molecule, the reduced and carboxymethyl- 
ated Noxiustoxin could be cleaved by cyanogen 
bromide. An 8 fold excess of cyanogen bromide 
over toxin (w/w) in 70% formic acid was used 
according to the technique described (2). The 
products were separated on the same Sephadex 
G-50 column used for purification of the RCM- 
toxin (section 2.3). 

Carboxypeptidase Y treatment was performed 
as described previously (14). 

3. RESULTS AND DISCUSSION 

The amino acid composition of Noxiustoxin 
was shown to be: 4 Asp, 2 Thr, 4 Ser, 2 Glu, 2 Pro, 
3 Gly, 2 Ala, 1 Val, 1 Met, 2 Ile, 1 Leu, 2 Tyr, 7 
Lys and 6 Half-Cys. Amino acid analyses per- 
formed on samples hydrolyzed in metha- 
nesulfonic acid (16) revealed the absence of Trp. 
All together there are only 39 amino acid resi- 
dues with a calculated molecular weight of 4,184 
_+ 6, and without histidine, arginine, tryptophan 
or phenylalanine. These data show that Nox- 
iustoxin is the smallest toxin active towards 
mammals purified to date. The only other known 
small toxin from the venom of scorpions is the 
insect toxin Be IT, mentioned by ROCHAT et al. 
(21). It is worth noting that Noxiustoxin injected 
intraperitoneally into mice (albino mouse, Mex- 
ican strain) at a dose of 20 mg'kg ~ weight is 
lethal. 

Noxiustoxin (100 nmoles) was sequenced from 
its N-terminal amino acid residue up to and in- 
cluding residue 37. The repetitive yield obtained 
from the sequencer was 96% up to residue 34. 
The three last amino acid residues were recovered 
in much lower yields and after residue 37 no 
amino acids were obtained, probably due to the 
loss of the remaining dipeptide during the 
organic washes. The sequence determined is 
shown in Figure 1. The position of the last two 

amino acid residues at the C-terminal end were 
inferred from the amino acid analysis, which 
shows the presence of four aspartic acid residues, 
only two of which were located by direct sequenc- 
ing. However, treatment of Noxiustoxin with car- 
boxypeptidase Y (14) for 90 rain using an en- 
zyme to substrate ratio of 1:20 liberated no as- 
partic acid and only small amounts of 
asparagine. No free asparagine was present be- 
fore enzyme treatment. 

The presence of methionine at position 30 per- 
mitted the cleavage of Noxiustoxin by cyanogen 
bromide treatment. Two main peptides were ob- 
tained after gel filtration on Sephadex G-50 (fig- 
ure not shown). The first eluted peptide (higher 
molecular weight) revealed the amino acid com- 
position expected from the N-terminal sequence 
data. The second peptide, when analysed gave 
the amino acid composition expected for the C- 
terminal peptide containing: CM-cysteine, as- 
partic acid, glycine, tyrosine and lysine, although 
the integer numbers obtained for lysine, aspartic 
acid and CM-cysteine were low compared to the 
values expected, possibly due to incomplete de- 
rivatization of cysteines and partial alkylation of 
lysine by radioactive iodo-acetic acid. The latter 
observation is also based on radioactive measure- 
ments obtained on amino acid residue 35, during 
the automatic sequencing. The number of counts 
obtained for residue 35 were higher than ex- 
pected from the normal overlapping due to in- 
complete cleavage in the automatic sequencer, 
although the identification by HPLC clearly in- 
dicated the presence of lysine at position 35. This 
result is compatible with a small t4C-carboxy- 
methylation of lysine 35. No other amino acid 
residues were found in the short peptide, so the 
possibility of a "normal" size neurotoxin (57-66 
amino acid residues long) is completely ruled out. 
All these data combined, made possible the de- 
termination of the primary structure of the short 
toxin shown in Figure 1, except for residue 38 
that could be aspartic acid or asparagine. Since 

I 5 10 15 20 
Thr - l le - l le -Asn-Val  -Lys- Cys-Thr-Ser-Pro-Lys-Gl n-Cys-Ser-Lys-Pro-Cys-Lys-Gl u-Leu 

25 30 35 39 
Ty r-Gl y- Se r-Ser-Al a -Gl y-Al a -Ly s- Cy s-Me t-As n-Gl y-Ly s- Cy s- Ly s- Cy s-Ty r-Asx-Asn 

Figure 1. The amino acid sequence of Noxiustoxin. 
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Noxiustoxin have only six half-cystines and we 
have no indication of the presence of free thiol 
groups, we assume that it has only three di- 
sulphide bridges instead of four like all the scor- 
pion toxins studied so far. In conclusion, Nox- 
iustoxin is the first polypeptide toxin shown to be 
specific for potassium channels (14); the first ex- 
ample of a short peptide chain scorpion toxin di- 
rected against mammals, and it has a completely 
different amino acid sequence, when compared 
with sequences of more than 39 purified toxins 
(17,18,20,21) known to be present in purified tox- 
ins from the venom of scorpions from all over the 
world. 

A K § channel blocking toxin from C. noxius 
which is homologuos with Noxiustoxin has been 
isolated as a minor component of peak II-10 (Fig- 
ure 2, ref. 17). Due to the very small quantity in 
which this toxin is present it has only been possi- 
ble to determine the N-terminal amino acid se- 
quence for 15 cycles which, however, was enough 
to demonstrate the homology with Noxiustoxin 
(Figure 2). 

K § channel blocking toxins of the Noxiustox- 
in-type are not confined to C. noxius. In a pre- 
vious publication (18) we have described the pu- 
rification of a series of toxins from Tityus ser- 
rulatus Lutz and Mello. Rechromatography of 
peak II-9 (Figure 2, ref. 18) on CM-eellulose fol- 
lowed by amino acid sequencing revealed two 
peptides one of which had an already known se- 
quence (III-8, Figure 3, ref. 18) which has no 
blocking effect on the K § channel of the squid 
giant axon (E. CARBONE, G. PRESTIPINO, L.D. 
POSSANI, unpublished observation). The other 

peptide (50% of total) had a sequence which is 
homologous with that of Noxiustoxin (Figure 2). 
The toxin represents less than one per cent of the 
total amount of toxins in the venom of T. ser- 
rulatus. Because of the sequence homology with 
Noxiustoxin, peak II-9 (18) was tested on the 
squid giant axon and shown to have a strong in- 
hibitory effect on the K § channel and none or 
very little on the Na  + channel (see toxin 1 from T. 
serrulatus in ref. 5). The findings discussed above 
indicate that toxins related to Noxiustoxin are 
expected to be found universally among the scor- 
pions, although they have not yet been isolated 
due to their presence in minute amounts. 
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