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Abstract A novel toxin (TdK1) was purified from the venom of
the scorpion Tityus discrepans, sequenced and functionally
characterized. It contains 37 amino acid residues and blocks
reversible the shakerB K* channel expressed in SF9 cells with
a Ky in the order of 280 nM. The proposed systematic
nomenclature for this peptide is o-KTx4.3.
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1. Introduction

Scorpion venoms are the most widely known source of
peptides with action on Nat, K+, CI= and Ca?" channels
(reviews [1,2]). Among all agents that block K* selective chan-
nels, the scorpion K-toxins are particularly useful since most
of them affect only K channel permeability, with high affin-
ity. For notation purposes, the peptides specific for K* chan-
nels will be called simply K-toxins. Different K* channels are
affected by these toxins: voltage-gated, high- and low-conduc-
tance Ca’*-activated potassium channels and Ca?* dependent
apamin sensitive K™ channels [3-6]. These toxins occur in
minute amounts, usually less than 1% of the venom. They
are short, 32-39 amino acid residues, basic peptides cross-
linked by three or four disulfide bridges [2,6]. The three-di-
mensional structure presents a common motif formed by a
short segment of o-helix and two or three strands of B-sheet
structure [6]. Except for the constant relative positions of the
cysteines, most of the amino acids of the primary structure are
variable. This variability could be an evolutionary attempt to
meet with the diversity of ion channels and with the affinity
variations of these toxins towards the members of their cor-
responding families of channels. Therefore, the discovery and
determination of the structure of new specific toxins adds an
important tool for physiological studies, where ion channels
play a role. This paper reports the complete amino acid se-
quence, the molecular mass and the physiological effect of a
novel peptide isolated from the venom of the South American
scorpion Tityus discrepans on a voltage dependent K™ chan-
nel, expressed in Sf9 cells. It is called TdK1, meaning 7. dis-
crepans K channel toxin 1, but according to reference [6] the
proposed systematic name should be o-KTx4.3.
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2. Materials and methods

2.1. Venom source and toxin purification

T. discrepans scorpions kept alive in the laboratory were anaesthe-
tized once a month with CO, and milked for venom by means of
electrical stimulation. The venom was dissolved in double distilled
water and centrifuged at 15000 X g for 15 min. The supernatant was
freeze-dried and stored at —80°C until use. Soluble venom in the
amounts of 1 mg each time, was applied to a HPLC system (Waters
600, with a dual wavelength detector model 2487, from Waters, Mil-
ford, MA, USA) equipped with a C18 reverse-phase analytical column
(Vydac, Hysperia, CA, USA) and eluted at a flow rate of 1 ml/min
during 70 min. A linear gradient made of 0.12% trifluoroacetic acid
(TFA) in water (solvent A) to 0.10% TFA in acetonitrile (solvent B)
was applied to the column. Individual fractions were collected, freeze-
dried and stored at —20°C until use. Pure peptides were obtained by
applying the sub-fractions to a microbore C18 reverse-phase column
using a Waters 625 chromatographer, equipped with a photodiode
array detector, model 996, from Waters, Milford, MA, USA.

2.2. Toxin microsequencing and molecular weight determination

Amino acid sequence of pure native peptide TdK1 was determined
using an automatic ProSequencer (Beckman LF3000, Fullerton, CA,
USA), employing standard Edman degradation programs with the
peptide attached to CD-immobilion membranes. To complete the
carboxyl-terminal sequence of TdK1, the native peptide was blocked
with acetic anhydride at the amino-terminal, cleaved with cyanogen
bromide at the methionine in position 29 and sequenced again, using
standard procedures. Cysteines were identified using an independent
sample carboxymethylated in the Sequencer, using the protocols de-
scribed by the manufacturer. The exact molecular mass, which per-
mitted the completion of the primary structure, was obtained in a
MALDI-TOF [7] mass spectrometer, using a cyano-4-hydroxyconam-
ic acid as the matrix.

2.3. Channel expression, electrophysiology and solutions

Insect Sf9 cells from Spodoptera frugiperda were kept in culture at
27°C in Grace’s media (GIBCO BRL). The cells were infected with a
recombinant baculovirus having the cDNA of shakerB K* channels
[8] and were used for the experiments 48 h after the infection, as
previously reported [3]. Macroscopic currents were recorded under
whole cell patch-clamp [9] with an Axopatch 1D (Axon Instruments,
Inc.). The currents were filtered on-line at 5 kHz and sampled every
100 ps. Borosilicate glass electrodes (KIMAX 51) were pulled to a
1.5 MOhms resistance. Eighty percent of the series resistance was
electronically compensated. The external control solution was com-
posed of (mM): 145 NaCl, 10 Ca,Cl, 10 HEPES-Na at pH 7.2. The
internal solutions was composed of (mM): 90 KF, 30 KCI, 10 EGTA,
10 HEPES-K at pH 7.2.

3. Results and discussion

In a previous publication [10], we showed that the venom of
T. discrepans contains a K* channel specific toxin. In this
communication, following results obtained with the venom
of other scorpions, we selected the HPLC fractions with sim-
ilar elution time and assayed them for an effect on the shakerB
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Fig. 1. HPLC separation of soluble venom. Soluble venom of T.
discrepans (1 mg) was applied to a CI8 reverse-phase column and
eluted at the flow rate of 1 ml/min for 70 min with a linear gradient
of solvent A (0.12% TFA) in water to 60% solvent B (0.10% TFA)
in acetonitrile. Component labeled with star corresponds to elution
time 27.1 min and was used for further separation in a C18 micro-
bore column from 0 to 50% B, for 60 min, as indicated in the inset.

K™ channels. Over 50 distinct components were obtained
from the first HPLC separation (Fig. 1). The component elut-
ing at 27.1 min (labeled with asterisk) showed N-terminal
amino acid sequence similar to other K-toxins, and when
assayed in Sf9 cells proved to be a bona-fide K* channel
blocker. This fraction was then further separated in a micro-
bore column, as described in Section 2, from which the main
component (see inset Fig. 1) was used for full sequence deter-
mination and for the physiological experiments reported.
The homogeneity of the purified peptide was confirmed by
the sharp HPLC profile, by amino acid sequencing (only one
amino acid residue per cycle), and by mass spectrometry data.
The position of the first 33 amino acid residues of TdK1 was
determined by direct sequencing of an aliquot of native pep-
tide, and confirmed by sequencing another sample of reduced
and carboxymethylated toxin. Residues 34 to 36 were ob-
tained by sequencing the peptide resulted from cyanogen bro-
mide cleavage of an N-terminal acetylated TdK1. Since this
cleavage occurred at methionine in position 29, an overlap-
ping peptide (positions 29 to 33) was obtained by this proce-
dure. The last amino acid residue in position 37 could not be
determined directly on the Sequencer, but was surmised based
on the results of mass spectroscopy. The molecular mass ex-
perimentally determined was 3816.8. Evaluation of the mass
contributed by the first 36 amino acid residues directly deter-
mined gave a value of 3721.79, thus the missing residue
should have a mass of 101, corresponding exactly with that
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of threonine. Hence, TdK1 is a single polypeptide composed
of 37 amino acids, as shown in Fig. 2. The molecular mass is
typical of a K-toxin from Buthidae scorpions [6]. Analysis of
the amino acid sequences (Fig. 2) shows a 78% identity with
TsTxKa [12] (systematic name o-KTx4.1 [6]), a Kt channel
blocking toxin from the parent species of the Brazil scorpion
Tityus serrulatus [12]. Actually, the latter peptide was the first
K™* channel specific peptide ever purified from scorpions of
the genus Tityus, under the name of toxin TsII-9 [13], sub-
sequently renamed TsTxKo, by Rogowski et al. [12]. Only
51% 1identity was observed when compared to TsK or
0-KTx4.2 [6], another K-toxin that competes for the binding
of apamin to K™ channels of rat brain synaptosomes [11]. The
six cysteines are assumed to be forming three disulfide bonds
as the related toxins.

TdK1 added at nanomolar concentration to the extracellu-
lar solution reversibly blocks shakerB K* channels, as shown
in Fig. 3. The upper frame of Fig. 3A presents a family of
control K* currents recorded by stepping the membrane from
—30 to +50 mV in 10 mV increments from the holding po-
tential of —80 mV. Addition of 250 nM toxin to the external
solution caused a reduction of the current at all voltages (mid-
dle frame traces), that was reversed by perfusing the cell with
the control external solution (bottom frame traces).

Toxin addition did not affect the kinetics of the remaining
current, this is shown in Fig. 3B where the current in the
control at +50 mV in A is shown superimposed with that
recorded at the same voltage in the presence of the toxin;
the latter multiplied by a factor of 2.32. The reversible, con-
stant, reduction of the current at all voltages caused by the
toxin addition is best seen in Fig. 3C, that presents the current
versus voltage curve of the traces in A. The above features are
characteristic of scorpion toxin block of the pore of voltage
dependent K™ channels, and thus indicate that the toxin here
reported acts as a typical K-toxin. Fig. 3C shows that the
concentration dependence of block follows a Michaelis—-Ment-
en relation with a K4 of 282 nM. Thus, TdK1 is a new mem-
ber of the sub-family 4 of scorpion K-toxins, for which the
systematic name should be 0-KTx4.3, following suggestions
of a recent classification [6].
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Fig. 3. Effect of TdK1 on the shakerB K* channels. Toxin reversibly blocks shakerB Kt channels at nanomolar concentrations. A: The upper
traces are control macroscopic K* currents through shakerB K™ channels activated by 30 ms pulses of —30 to +50 mV in 10 mV increments
delivered every 20 s from the holding potential of —80 mV. The middle traces are the currents after the addition of 250 nM TdK1 to the exter-
nal solution. Notice the reduction of the current. The bottom traces are the currents recorded after extensively perfusing the cell with the con-
trol external solution. Notice the recovery of the current. B: Current at +50 mV in the control in A superimposed with that at the same volt-
age recorded in the presence of the toxin in A, scaled by a factor of 2.32. C: Peak current as a function of the pulse voltages of the traces in
A. D: Double reciprocal plot of the fraction of blocked channels (fraction blocked = 1—1/1j, where I is the peak current in the presence of tox-
in and I, is the control peak current) against the TdK1. The points are the mean + S.E.M. of three experiments at each concentration. The line

is the least squares fit to the points, K4 =282 nM, r=0.982.

[2] Garcia, M.L., Knaus, H.G., Manujos, P., Slaughter, R. and Kac-
zorowski, G.J. (1995) Am. J. Physiol. 269, C1-C10.

[3] Gomez-Lagunas, F., Olamendi-Portugal, T. and Possani, D.L.
(1997) FEBS Lett. 400, 197-200.

[4] Latorre, R., Oberhauser, A., Labarca, P. and Alvarez, O. (1989)
Annu. Rev. Physiol. 51, 385-399.

[5] Miller, C. (1995) Neuron 15, 5-10.

[6] Possani, L.D., Selisko, B. and Gurrola, G.B. (1999) in: Perspec-
tives in Drug Discovery and Design (Darbon, H. and Sebatier,
J.M., Eds.), in press, Kluwer Academic Publishers, Dordrecht.

[7] Skoog, D.A. and Leary, J.J. (1992) in: Principles of Instrumental
Analysis, 4th Edn., Saunders, Fort Worth, pp. 446-448.

[8] Klaiber, K., Williams, N., Roberts, T.M., Papazian, D.M., Jan,
L.Y. and Miller, C. (1990) Neuron 5, 221-226.

[9] Hamill, O.P., Marty, A., Neher, E., Sakmann, B. and Sigworth,
F.J. (1981) Pflueger’s Arch. 391, 85-100.

[10] D’Suze, G., Sevcik, C. and Ramos, M. (1995) Toxicon 33, 333-
345.

[11] Legros, C., Oughuideni, R., Darbon, H., Rochat, H., Bougis,
P.E. and Martin-Eauclaire, M.F. (1996) FEBS Lett. 390, 81-84.

[12] Rogowski, R.S., Krueger, B.K., Collins, J.H. and Blaustein, M.P.
(1994) Proc. Natl. Acad. Sci. USA 91, 1475-1479.

[13] Possani, L.D., Martin, B.M. and Svendsen, 1. (1982) Carlsberg
Res. Commun. 47, 285-289.



