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Abstract A purified peptide from Androctonus australis
Garzoni venom (AaG) affects selectively aK™-current re-
corded from cerebellum granular cells. Thiscurrentischar-
acterized by fast activating and inactivating kinetics sim-
ilar to an | 5-type current. Addition of 2 um peptide Aal
(from Androctonus australis, toxin 1) to the external side
of the channel suppressed completely and in a selective
manner the | ,-type current, with an |C50 value of 130 nm,
whereas in the same conditions, the other potassium cur-
rent, identified as delayed rectifier (I4), was not affected.
Additionally, we show that another partially purified pep-
tide (111-12) from the same venom was ableto block rever-
sibly both K*-currents.
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Introduction

Cerebellum granular cell membranes contain several types
of potassium channels with different kinetics and pharma-
cology. We characterized the outward potassium currents
from these cells using the patch-clamp technique in the
whole-cell configuration. Two different currents were re-
corded: afast transient, low-voltage activated current (1 ,5),
blocked by 4-aminopyridine (4-AP) and a slowly rising
and inactivating current. The latter has electrophysiol ogi-
cal propertiessimilar to the classical squid axon potassium
current (1), (Robello et al., 1989).

The knowledge of the structure and function of potas-
sium channels has been greatly increased by the discovery
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of specific natural peptide inhibitors used as probes at the
molecular level (Carbone et al. 1982, Miller et a. 1985,
Miller 1995). The neurotoxic peptides found in scorpion
venoms, act specifically ashigh-affinity K*-channel block-
ers (MacKinnon and Miller 1988, Goldstein and Miller
1993, Gross and McKinnon 1996); they have proven to be
useful toolsfor channel purification (Prestipinoet al. 1989,
Noceti et al. 1995, Rehm et al. 1988), for structure-func-
tion analysisof voltage-gated and Ca™*-activated K™ chan-
nels(Goldstein et al. 1994, Hidalgo and MacKinnon 1995;
Crest et a. 1992; Knaus et a. 1995) and for the pharmac-
ological classification of the different K*-channel currents
(Goldsteinand Miller 1992; Giangiacomo et al. 1993; Gar-
ciaet al. 1994). For these reasons there is common inter-
est in trying to isolate and characterize new venom pep-
tides from scorpions, spiders and snails. Recently, it has
been found that the Androctonus mauritanicus scorpion
venom contains a toxin, P05, which is structuraly and
functionally similar to the leiurotoxin | (from the scorpion
Leiurus quinquestriatus), a blocker of the apamin-sensi-
tive Ca™-activated K* channels (Sebatier et al. 1993).
Similarly, kaliotoxin and agitoxin are peptides from scor-
pions of the species Androctonus mauritanicus mauritan-
icus (Crest et al. 1992) and Leiurus quinquestriatus var.
hebraeus (Garciaet al. 1994; Gross and MacKinnon 1996)
respectively, used to characterize several typesof K*-chan-
nels. In this communication we report the purification and
physiological characterization of unknown peptides from
Androctonus australis Garzoni scorpion venom capabl e of
blocking, with different affinities, two distinct K* currents
in cerebellum granular cells.

Materials and methods

Materials. Androctonus australis Garzoni (AaG) scorpion
venom was purchased from Latoxan. The culture medium
was from GIBCO Laboratories. Water double distilled on
guartz was used for all experiments. Reagents and solvents
used for chromatography and el ectrophysiological experi-
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Fig. 1A—C Fractionation of Androctonus australis Garzoni ven-
om. A) Thesolublevenom (45 mg) from AaG wasdissolvedin 1.5 ml
of 20 mm ammonium acetate buffer, pH 4.7, and applied to a Se-
phadex G-50-medium column (0.9x200 cm) equilibrated in the same
buffer and run at 30 ml/hr. Tube-fractions of 2 ml each were collect-
ed. Four components, indicated by the horizontal bars were pooled
according to absorbance at 280 nm (Fig. 1a). This was repeated
twice, with an overall recovery of the order of 90% of the material
loaded into the column. B) Thefraction number 111 (total 49 mg from
two independent Sephadex G-50 applications) was further separat-
ed on a CM-cellulose column (0.9x30 cm), equilibrated and run in
the presence of 20 mm ammonium acetate buffer, pH 4.7, and elut-
ed with a salt gradient from 0 to 0.55 M NaCl (250 ml each side of
the gradient-maker). Tube-fractions of 2.5 ml each, at aflow rate of
30 ml/hr were collected. Twelve sub-fractions were pooled as indi-
cated by horizontal bars numbered 1-12. Sub-fraction 111-5 was
4.5%, whereas sub-fraction 111-12 was of the order of 7.2% of the
material recovered. Overall columnrecovery wasof theorder of 87%.
C) A sampleof fraction I11-5 (400 mg) from B, was applied to aC18
reversecolumn of aHPL C system (model Millenium 2010, from Mil-
lipore Co.) and separated using alinear gradient from 0.12% triflu-
oroacetic acid in the water, to 60% acetonitrile in the presence of
0.10%trifluoroacetic acid, during 60 min. Fraction labeled with aste-
risk (elution time 26.61) contained pure peptide Aal and constitutes
about 27% of the sample recovered from the column

ments were analytical grade, obtained as previously de-
scribed (Olamendi-Portugal et al. 1996).

Separation procedure. One hundred milligrams of venom
from AaG was dissolved in 8 ml of double distilled water,
centrifuged at 15,000 g for 15 min and the supernatant was
lyophylized and kept at —20 °C until used. The various ac-
tive fractions used in thiswork were obtained by chromat-
ographic separations, as done for other scorpion venoms
(Olamendi-Portugal et a. 1996). Briefly, the soluble ven-
omwasinitially applied to a Sephadex G-50 column. The
sub-fraction corresponding to the peptides of interest
(range 4000 mol ecular mass) werefurther separated on car-
boxymethyl-cellulose (CM-cellulose) ion exchangeresins,
followed by high performance liquid chromatography
(HPLC), as described in the legend of Fig. 1.

Cell culture. Experiments were performed on cerebellum
granular cellsin primary culture obtained from 8-day-old
Wistar rats. Dissociated cell cultures were prepared by
trypsin digestion and mechanical trituration, following
the procedure of Levi et al. (1984). Cells were plated at
adensity of 2.5 106 per dish, on 35 mm plastic dishes or
on glass coverdlips, coated with 10 mg/ml poly-L-lysine
and kept at 37°C in humidified 95% air/5% CO, atmos-
phere. Experimentswere performed 5 to 12 days after plat-

ing.

Patch-clamp measurements. lonic currents were recorded
using the whole-cell patch-clamp technique configuration
(Hamill et al. 1981). Patch pipettes were made from boro-
silicate glass (CLARK Electromedical Instruments) and
fire polished to obtain resistances between 2—3 MOhms.
Cell responses were amplified and filtered at 2 kHz by an
AxoPatch-1D (Axon Instruments). Both stimulation and
dataacquisition were performed with a16-bit AD/DA con-
verter (DigiData 1200, Axon Instruments) controlled by a
computer PC 486. The whole-cell currents elicited by
150-200 ms-long voltage steps between —60 to 80 mV
from -50 and —80 mV holding potentials (HP) were ac-
quired at a sampling time of 200 ps. The capacitive tran-
sient component of recorded currents was anal og-compen-
sated. When the voltage error associated with the uncom-
pensated series resistance was more than 10 mV the mem-
brane potential was corrected off line. P/4 leakage sub-
straction was performed on line. Data were stored on hard
disk for subsequent analysis. The composition of the pi-
pette filling solution was the following (in mm): 90 KF,
30 KCI, 2 MgCl,, 2 EGTA, 5 NaCl, 10 HEPES, 30 Glu-
cose, pH 7.35. The external standard solution, designed to
suppress Na" and Ca*™ currents, was (in mm): 135 NaCl,
2.5KCl, 1 MgCl,, 1.8 CaCl,, 0.3 tetrodotoxin, 0.2 CdCl,,
10HEPES, 10 Glucose, pH 7.35. Venom, sub-fractionsand
purified peptides were directly added in the chamber con-
taining 200 ul of external solution.

The concentrations of sub-fractions were calculated by
assuming the presence of peptides with the same molecu-
lar weight of 4000, similar to most known scorpion toxins
blocking K*-channels. All the experiments were carried
out at room temperature (23+2).

Results and discussion

The soluble AaG venom applied into a Sephadex G-50 col -
umn was separated into four distinct sub-fractions. Num-
ber I11 (Fig. 1a) contained peptideswith molecular weights
of the order of 4,000, similar to noxiustoxin and charyb-
dotoxin (Possani et a., 1982; Miller 1995). For thisreason
fraction 111 was further separated on an ion exchange col-
umn. Figure 1 b showsthe profile of the CM-cellulose col -
umn. Thetwelvedistinct sub-fractionswere all assayed for
their effect in our cell culture system. Fraction 111-5, be-
cause of its specific effect, was finally applied to a C18
column (Fig. 1c¢), from which purified toxin Aal (compo-



control

difference

AaG venom

~—_
20 ms

B

100
- o IA type
5 % Id type
=}
=
Q
5 50
o
-~
Q
i1
g K
S
& T T T

0 T T £ 20] 1 T

0 100 400

200 300
Concentration [pgr/ml]

Fig. 2A, B Androctonus australis Garzoni scorpion venom effects
on I currents of granule cells. A Current recorded in control con-
ditions and in the presence of 20 mg/ml AaG venom. A digital sub-
traction (“difference” line) between thetwo tracesrepresentsthe cur-
rent blocked by thevenom. Thetraceswereevoked by a150 mspulse
to the test potential of +60 mV (HP=-80 mV). B Dose-response
curvesfor transient and stationary currentsvs. venom concentrations.
Experimental points (mean valuestSEM of 4—5 experiments) were
fitted tothe Michaelis-Menten equati ons (I pax-1)/1 max = 1/(1+1Cso/C)
that gave ahalf-effectivedoses of (15+10) pg/ml and (100+20) pg/ml
for 15 and |4 currents respectively. The insert shows the dose-re-
sponse curve for the peak in the 0.2—50 pg/ml concentration range

nent labeled with star, eluting at 26.61 min) was obtained
in pure form and assayed.

Figure 2ashowsthe effects of the AaG scorpion venom
on the outward granular cell K* current recorded in whole
cell configuration. The" difference” linerepresentsthecur-
rent obtained by subtracting the traces in control condi-
tions and in the presence of 20 pg/ml of venom. It is evi-
dent from the figure that the venom depressed mainly the
peak current (I ,). The peak current was reduced by ~65%
while the stationary state by only ~14% (Fig. 2b). To iso-
late the | 5 type current we added 20 mm TEA in the ex-
ternal solution and depolarized the membrane at 60 mvV
from a holding potential (HP) of —-80 mV. The conditions
were mofidied to record the I, component: TEA was sub-
stituted with 5 mm 4-AP and the HP was -50 mV, avalue
at which the |, type is inactivated (Robello et al. 1989).
The inhibition of AaG venom was dose-dependent for
both transient and delayed components. The experimental
points shown in Fig. 2b werefitted to the Michaelis-Men-
ten equation, which gave half-effective doses (ICsp) for 1 5
and |4 of (15£10) pg/ml and (100+20) pg/ml respectively.
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Fig. 3A—C AaGllI-12 containstoxinsthat act onthel , and |4 type
potassium current. A Current elicited by a step potential of +60 mV
in control conditions, inthe presence of 3 um AaGlI1-12 fraction and
after washout (HP=-80 mV). B Characteristic current-potential
(1-V) plotsin the presence of 3 um AaGlI1-12. The values were ob-
tained from the peak current. C) 1-V relationship measured at the
end of 200 ms-long depolarizing test pulse (HP=-50 mV)

The two apparent 1Cs, value differ from each other by ap-
proximately one order of magnitude; this finding suggests
the presence of one or more peptides in the AaG venom
that selectively affect the fast activating and inactivating
K™ current in the granular neurons. The purification of An-
droctonus australis Garzoni venom as described in Fig. 1
led to the separation of twelve sub-fractions. Among them,
the components |11-5 and I11-12 were able to block the ac-
tivity of K* channels. These fractions acted in afew min-
utes (1-3 min) and the block was never recovered com-
pletely, even after 15 min of washing. As illustrated in
Fig. 3athe addition to the external bath of 3 pum I11-12 de-
creased both the 1, and 14 type currents. The current-volt-
age relationship (Fig. 3b and 3c¢) shows that the 1, type
current block (~56%) was higher than thel 4 block (~30%)
at +40 mV membrane potential, indicating the presence of
one or more peptides in the fraction 111-12 with different
affinitiesfor thetwo current components. Furthermore, we
studied the effect of the sub-fraction 111-5 on the same po-
tassium currents. Our results indicated that the fast com-
ponent of the outward granular cells K* current was com-
pletely blocked by 600 nm of this fraction in areversible
manner, whereas the |4 component was unaffected (data
not shown). In order to find which peptide in the fraction
was capabl e of inhibiting the above mentioned K™ currents
we applied each one of the componentsisolated by HPLC
(Fig. 1c) to the channel-preparation. Figure 4a shows the
I o current selectively blocked by toxin Aal (component
labeled with star in the HPLC chromatogram). This pep-
tide when re-applied to the HPL C system using a contin-
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Fig. 4A, B Aal toxin acts on the | 5 type potassium current selec-
tively. A Current recorded in control condition and in presence of
2 um Aal. Intheinsert: current-voltage relationship of the peak cur-
rent in control conditions, in the presence of toxin 2 um and after
washout. B Dose-response curve for transient current vs. toxin con-
centrations applied. Experimental points were fitted to the Michae-
lis-Menten equation that gave a half-effective dose of (134+26) mm.
Current was recorded at 40 mV from a HP of —-80 mV

uous gradient system (data not shown) gave only one com-
ponent (symmetrical peak) from which we assumed that it
was pure. Attempts to sequence the toxin using a Pro-
Sequencer model 6400/6600 from Millipore Co., consis-
tently gave no sequence, from which we surmised that it
was blocked at the N-terminal amino acid residue. Amino
acid composition obtained from this material, after acid
hydrolysis, confirmed that we were indeed working with
a“bonafide” peptide. The dose-response curve for the fast
activating current asafunction of Aal concentrationisrep-
resented in Fig. 4b. Experimental points were fitted to a
Michaelis-Menten equation which gave a half-effective
dose of (134+26) nm.

Since peptide Aal is blocked at the N-terminal region
itispossibly similar to chary B dotoxin, iberiotoxin or lei-
rustoxin-2, the only other K* channel blocking peptides
from scorpions, reported thusfar, to have ablocked amino
terminussequence. However, Aaliscertainly noneof them
because it comes from the venom of the scorpion Androc-
tonus australis Garzoni, whereas the other toxins are from
Leiurus quinguestriatus venom. Furthermore, the kalio-
toxin group of toxins, from the genus Androctonus, are not
blocked at the amino-terminal amino acid (Crest et a.,
1992). For these reasons we are confident that Aal must
be a novel example of a very interesting scorpion venom

peptide, with exquisite preference for the transient K*
channels of the cerebellum granular cells.
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