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Abstract

Tx1, a neurotoxin isolated from the venom of the South Americaay words

spider Phoneutria nigriventer produces tail elevation, behaviorals Phoneutria nigriventer
excitation and spastic paralysis of the hind limbs after intracerebrdpider toxins
ventricular injection in mice. Since Tx1 contracts isolated guinea piginding

ileum, we have investigated the effect of this toxin on acetylcholingnteric nervous system
release, as well as its binding to myenteric plexus-longitudinal mus'c%al.c'um ?hénnels
membranes from the guinea pig ileud?sI[-Tx1 binds specifically * uinea pig fleum
and with high affinity (K = 0.36 = 0.02 nM) to a single, non- T
interacting (p = 1.1), low capacity (Bmax 1.1 pmol/mg protein)

binding site. In competition experiments using several compounds

(including ion channel ligands), only PhTx2 and PhTx3 competed

with [123]-Tx1 for specific binding sites (& apparen= 7.50 x 16 g/l

and 1.85 x 18 g/l, respectively). PhTx2 and PhTx3, fractions fiem

nigriventer venom, contain toxins acting on sodium and calcium

channels, respectively. However, the neurotoxin PhTx2-6, one of the

isoforms found in the PhTx2 pool, did not affe€fl[-Tx1 binding.

Tx1 reduced the’H]-ACh release evoked by the PhTx2 pool by 33%,

but did not affect basal or KCl-inducetH]-ACh release. Based on

these results, as well as on the homology of Tx1 with toxins acting on

calcium channelsi-Aga IA and IB) and its competition witF?fl]- o-

Cono GVIA in the central nervous system, we suggest that the target

site for Tx1 may be calcium channels.

Phoneutria nigriventera very aggres- such as voltage-dependent sodium channel
sive solitary spider, is responsible for mosactivation (3-5), leading to neuromuscular
spider bites in humans in central, eastern arlllockade in phrenic nerve-diaphragm muscle
southern Brazil (1). Bites blp. nigriventer preparations (3), or the release of acetylcho-
cause intense local pain, spastic paralysifpne (ACh) and norepinephrine from auto-
autonomic dysfunction, tonic convulsions,nomic nerve endings in guinea pig atria (4),
priapism, tachycardia and visual disturbancel®cal edema formatiom vivo, and vascular
(2). P. nigriventervenom contains several (6) and non-vascular (7,8) smooth muscle
toxins that exert important biological effectscontractions.
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Rezende Jr. et al. (9) isolated three neurifuged for 30 min at 30,00Q (Sorvall
rotoxic fractions fronP. nigriventervenom. Centrifuge - RC5C, Newtown, CT, USA).
The neurotoxin Tx1 (LE, = 0.05 mg/kg) The pellet was resuspended in Tris buffer
produces tail elevation, behavioral excitaand centrifuged again under the same condi-
tion and spastic paralysis of the posteriotions. The final pellet was resuspended (0.3
limbs after intracerebroventricular injectiong/ml) in incubation buffer containing: 25
in mice (9). The radioiodinated toxin bindsmM HEPES, 10 mM glucose, 140 mM cho-
with high affinity to rat brain synaptosomesline chloride, 5.4 mM KCI, 0.8 mM MgSQO
(7). Since Tx1 contracts the isolated ileunand 1.8 mM CaG]| pH 7.4.

(7,8), and since most neurons in the myen- MPLM membranes (100 ug protein/ml)
teric plexus-longitudinal muscle (MPLM) were incubated with'f4]-Tx1 (0.1 nM) at
preparation are cholinergic (10), we have37°C for 40 min, in a final volume of 500 pl
examined the effect of this toxin on basabfincubation buffer supplemented with 0.2%
[®H]-ACh release by MPLM. Tx1 showed aBSA. Saturation experiments were performed
high affinity for the neuromuscular guineain the presence of increasing concentrations
pig ileum preparation but did not alter basabf 1?4-Tx1 (0.1 pM-10 uM). Nonspecific
[®H]-ACh release. However, Tx1 did modify binding was measured in parallel experi-
the release evoked by other fractiondPof ments using an excess of unlabeled toxin and
nigriventer venom. the values were subtracted from the total

To study the interaction of Tx1 with guin- binding. Competition experiments were per-
ea pig ileum, the toxin was iodinated usindormed using ion channels and cholinergic
the lactoperoxidase method (11). Proteimeceptors ligands. These ligands were tested
(usually 4.8 pg) was labeled with 0.5 mCiat concentrations varying from 0.1 pM to 10
of carrier-free Napd] (17.4 Ci/mg) and pM. Incubation was terminated by centrifu-
separated from free iodine by batchwise regation (14,500g, 5 min) in a microfuge
suspension with Dowex 1-X8 (Merck, (Marathon, Pittsburgh, PA, USA). The pel-
Darmstadt, Germany) anion exchanger. Thiets were rinsed twice with 1 ml of ice-cold
presence of free iodine was determined bsinsing buffer, pH 7.4, containing: 5 mM
ascending chromatography on Whatman Nd4EPES, 10 mM glucose, 140 mM choline
1 paper using methanol as solvent. The spehloride, 5.4 mM KCI, 0.8 mM MgS£1.8
cific radioactivity was 1100 cpm/fmol toxin. mM CaCl, and 0.5% BSA. Bound radioac-

Guinea pigs (300-500 g) of either sexivity was estimated using an LKB gamma
were anesthetized with Gvefore exsan- counter. All assays were run in triplicate.
guination. A segment of ileum was removed The release offH]-ACh into the incubat-
and the lumen flushed with the followinging medium was studied after labeling tissue
solution: 50 mM Tris-HCI, 120 mM NacCl, 5 ACh with methyl pH]-choline chloride (15
mM KCI, 1 mM MgCl, and 2.5 mM CaG] Ci/mmol), as described by Suzskiw and Toth
pH 7.4, supplemented with 10 pg morphine(13). Initially, the ACh stores were depleted
ml to inhibit spontaneous contractions. Lonby incubation in Krebs solution for 15 min in
gitudinal muscle with adherent Auerbach’she presence of 50 mM*K Subsequently,
plexus was obtained as described by Patmlices of MPLM (approximately 40 mg) were
and Zar (12). The tissue was sliced with @ncubated in Krebs solution containing 0.67
tissue chopper (Mcllwain-Mickle Lab. En- uCi of methyl fH]-choline chloride for 30
gineering Co. Ltd., Gomshall, Surrey, Eng-min to label endogenous pools of ACh. The
land) and homogenized (0.15 g/ml) in Trisslices were then washed with cold choline
HCI buffer, pH 7.4. All manipulations were (1.0 pM) and then incubated for 30 min with
performed at 4C. The homogenate was cen-or without the drugs or toxins of interest. The
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incubation solution contained: 136 mM NaCl,nium and dendrotoxin), calcium channels
2.7 mM KCI, 1.8 mM CaGl 5.5 mM glu- (diltiazen, nifedipine, verapamikp-cono-
cose, 10 mM Trizma base and 20 uM ptoxin GVIA andw-agatoxin IVA) and nico-
nitrophenyl phosphate (Paraoxan, Sigménic cholinergic receptorsfbungarotoxin,
Chemical Co., St. Louis, MO, USA) to pre-d-tubocurarine and 3-hemicholinium). None
vent the hydrolysis of ACh. The pH wasof these ligands affectedl]-Tx1 binding
adjusted to 7.4. To characterize the radioade MPLM (data not shown).

tivity released,3H]-choline and {H]-acetyl- Tx1 did not significantly increase basal
choline were separated from the supernd®H]-ACh release from MPLM (Figure 2A).
tants as described by Gordon et al. (14However, Tx1 caused a 33% reduction in the
Using this method ®H]-ACh accounted for release of3H]-ACh elicited by PhTx2 pool
80% of the total radioactivity. (Figure 2B).

The intracerebroventricular toxicity of  These results demonstrate a high affinity
Tx1 labeled with cold iodide was identical tointeraction (k; = 0.36 + 0.02 nM) between
that of native toxin (data not shown}?¥]-  Tx1 and a neuromuscular preparation of guin-
Tx1 (0.1 nM) bound to specific sites onea pig ileum and rule out a possible action of
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MPLM in a saturable manner (Figure 1A).this toxin on basal ACh release.

Specific binding was dependent on the tis-
sue protein concentration (data not shown

Scatchard analysis of the saturation isother: 1000 A o L . :
(Figure 1A, inset) produced a linear plot 800 - > i
over the concentration range used, indica & o4
ing the existence of a single class of non % e0or |
interacting binding sites (= 1.1). The dis- € o0l 1
sociation constant (§was 0.36 + 0.02 nM,  “
showing that these were high affinity bind- 200 ¢ 05300 600 900 1200 |
ing sites. The Bmax was 1.15 + 0.06 pmol 1S vl
mg of protein. 0 0204060810121416 18 2.0
The competition betweer?fi]-Tx1 and (29T (M)
other fractions and toxins frol. nigriven-
ter venom is shown in Figure 1B. PhTx2 anc L6 gy T B
PhTx3 competed partially with'3l]-Tx1 14 - N
for binding sites on MPLM membranes io L ]
(Kos apparen= 7.50 x 16 g/l and 1.85 x 18 o e A 1
g/l, respectively). . f oo 1
Unlike PhTx2, Tx2-6, an isoform puri- 3087 |
fied from fraction PhTx2 which inactivates 06 .
sodium channels (5), did not affect the bind 04 b ]
ing of [*29]-Tx1 to MPLM (data not shown). L A
To examine the possible interaction of 0.2 - i
Tx1 with ion channels and cholinergic re-

ceptors, competition experiments were don
using ligands for sodium channels (tetrodo
toxin, brevetoxinp-scorpion toxin TsTx, -

8 7 6 5 4 3]
-log[Toxin] (g/l)

Figure 1 - Binding of [125])-Tx1 to
myenteric plexus-longitudinal
muscle (MPLM) membranes. A,
Saturation isotherm of [125]]-Tx1:
aliquots (100 pg protein/ml) of
MPLM were incubated for 40
min at 37°C with increasing con-
centrations (0.1 pM-2.0 nM) of
[125]]-Tx1 in the absence (total
binding) or presence of 0.2 pM
unlabeled Tx1 for the determina-
tion of nonspecific binding. Spe-
cific binding (circles) is the differ-
ence between total and nonspe-
cific binding. Inset, Scatchard
transformation of the saturation
isotherm: Kq = 0.35 nM, Bmax =
1.15 pmol/mg of protein. Hill
slope (ny) = 1.1 (data not
shown). The data are for one ex-
periment done in triplicate. Simi-
lar results were obtained in three
independent experiments. B,
Competition for high affinity
binding sites. Aliquots of MPLM
were incubated with 0.1 nM of
[1231]-Tx1 in the presence of in-
creasing concentrations of unla-
beled Tx1 (circles), PhTx2 (open
triangles) or PhTx3 (filled tri-
angles). After 40 min, bound
toxin was separated from free
labeled toxin by centrifugation
and quantified by y-counting.

scorpion toxin TsVII and veratridine), potaS_Pthz and PhTx3 partially competed with [1251]-Tx1 binding sites (Ko5 apparent = 7.50 X 104

sium channels (kaliotoxin, charybdotoxin

g/l and 1.85 x 10 g/l, respectively). The data are for one experiment done in triplicate.
1Similar results were obtained in three independent experiments. The amount of [125]]-Tx1

apamin, 4-aminopyridine, tetraethylammOJoound in the presence of competing toxins (B) is reported relative to total binding (Bo).
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Figure 2 - A, Effect of Tx1 on
basal [3H]-ACh release by myen-
teric plexus-longitudinal muscle
(MPLM) from guinea pig ileum.
Increasing concentrations of Tx1
(1 pM-0.1 mM) were incubated
for 35 min at 37°C with slices of
MPLM (40 mg) previously loaded
with 1 uCi of [3H]-ACh. The in-
cubation solution contained 136
mM NaCl, 2.7 mM KCI, 1.8 mM
CaCly, 5.5 mM glucose, 10 mM
Trizma base, pH 7.4, and 20 pM
p-nitrophenyl phosphate. The
basal radioactivity released (ba-
sal) was 258.4 + 16.4 cpm/mg
tissue (N = 3). [3H]-ACh release
is reported as the ratio of the
counts (cpm/mg tissue) in the
presence and absence of differ-
ent concentrations of Tx1 (+Tx1/
-Tx1). The column heights indi-
cate the mean + SEM for three
experiments. B, Effect of Tx1 on
PhTx2-evoked [3H]-ACh release.
Slices of MPLM (40 mg), previ-

ously loaded with [3H]-Ch (1 uCi), were incubated in the absence (basal) or presence of
PhTx2 (8 x 104 g/l) or in the presence of both Tx1 (0.1 pM) and PhTx2 (8 x 104 g/l) for 35
min, as indicated. The basal radioactivity released was 216.5 + 43.0 cpm/mg tissue. The
column heights indicate the mean + SEM for three experiments. *P<0.001 compared to
basal, **P<0.02 compared to basal and PhTx2 alone.
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Since Tx1 contracts the isolated ileumcomponents of fraction PhTx2, with phar-
(7,8), its site of interaction could be cholin-macological activities distinct from those of
ergic receptors or ion channels. The first oTx2-6, must compete with Tx1 (Figure 1B).
these sites is improbable since the cholinFraction PhTx2 causes a rapid increase in
ergic ligands used did not compete witlthe intracellular calcium concentration and
radioiodinated toxin and Tx1 (0.1 uM) hadstimulates the release of glutamate and ACh
no significant effect on basal ACh release(15). The lack of sufficient quantities of
Tx1 partially blocked the®H]-ACh release isotoxins from PhTx2 and PhTx3, known to
evoked by PhTx2 (Figure 2B). This inhibito-be active on sodium and calcium channels,
ry effect, together with the binding data,precluded further competition experiments
further suggests a possible relationship bewith Tx1.
tween the Tx1 and PhTx2 binding sites. Gomez et al. (16) showed that PhTx3

Although the ion channel ligands useddecreased KCl-elicited ACh release in
did not affect }24]-Tx1 binding, we cannot MPLM and suggested that PhTx3 acted on
exclude the possibility that this toxin inter-calcium channels. Guatimosim and co-work-
acts with another site in ion channels. Iners (17) have shown that Tx3-3, one of the
deed, two neurotoxic fractions frdP nigri-  isoforms from fraction PhTx3, blocks the
ventervenom, PhTx2 and PhTx3, partiallyexocytosis of synaptic vesicles. This effect
competed for thed]-Tx1 binding site. was thought to result from the inhibition of
PhTx2 contains toxins that act on sodiunw-conotoxin GVIA-sensitive calcium chan-
channels (5). However, the isotoxin Tx2-6nels associated with the control of exocyto-
which is also active on sodium channels, digis in rat cortex cerebral synaptosomes.
not compete with 1P4]-Tx1. Thus, other A peptide recently isolated froR nigri-
ventervenom, omega-phonetoxin-11A, blocks
L- and N-type calcium currents (18). This
peptide has an amino acid sequence very
similar to that of Tx1 and-agatoxin IlIA.
Although we have shown here that
conotoxin GVIA did not compete witB¥l]-
Tx1, preliminary experiments have demon-
strated that Tx1 competes with?y] w-
conotoxin GVIA (De Lima ME, Done SC,

12 10.7 10 9 8 7

Basal Santos RG, Cordeiro MN and Diniz CR,
-log [Tx1} (M) unpublished observations). The report that

53071R Tx1 shares homology witl-agatoxins (IA,
52.5- IB and ll-type) from Agelenopsis aperta
220+ k - (19,20), which are active on calcium chan-
2151 nels, further suggests that Tx1 may interact
&1, with calcium channels.
5
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