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Summary A fluorescent chelate probe and a Millipore filtration technique
have been used to study the effects of B-bungarotoxin (B~toxin) on passive

and active Ca*t uptake and ATPase in fragmented sarcoplasmic reticulum (SR)

of rabbit skeletal muscle. B-Toxin at 3 x 10-6 M did not affect ATPase activity.
In the absence of ATP, B-toxin increased the passive uptake of Ca**; in the
presence of ATP, active Catt uptake was inhibited. The effect of f-toxin in

SR can be detected at concentrations as low as 10-9 M. The results suggest
that B-toxin induces Ca*t leakage in SR membranes.

B-Toxin, a neurotoxin isolated from Bungawws multicinctus venom, has been
shown by Lee and co-workers (1-3) to block neuromuscular transmission at the
skeletal muscle motor endplate specifically and irreversibly. They observed
that the toxin initially increases and then inhibits the release of acetyl-
choline (ACh) from the terminals of motor nerves, while the response of post-
synaptic receptors to ACh is unaffected. They also reported that low concentra-
tions of Ca++ and high concentrations of Mg++ can delay the inhibitory effect
of p-toxin (3). ca™t s known to be intimately involved in transmitter release
from motor nerves (4). More recently, Wagner et al. (5) have demonstrated
that B-toxin inhibits the accumulation of Ca't by rat brain mitochondria and
have speculated that the mechanism of action of B-toxin on neuromuscular
transmission may involve a direct or an indirect inhibition of Ca'' uptake by
mitochondria inside the nerve terminals. Because 8-toxin may have more
generalized effects on biological membranes than was initially suspected, we
have examined its effects on SR membrane which plays a major role in intra-
cellular ca** uptake and has a relatively simple protein composition (6,7).

EXPERIMENTAL

Purification of B-toxin: B-Toxin was partially isolated according to the method

described by Lee et al. (8) and was further purified on CM Sephadex C-25 to

510
Copyright © 1974 by Academic Press, Inc.
All rights of reproduction in any form reserved.



Vol. 61, No. 2, 1974 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

yield a major peak of pure B-toxin. It gave a single protein band on poly-

acrylamide gel electrophoresis.

Preparation of SR: SR was prepared from rabbit back muscle essentially by the

method of Martonosi (9) except that the microsomes were extracted only once with
0.6 M KC1. The vesicles thus prepared were suspended in 0.1 M KC1 and 10 mM
histidine, pH 7.3, at a protein concentration of 10-15 mg/m].

Calcium uptake by SR: Two methods were used to measure fluxes of ca™ in and

out of SR. The fluorescent chelate probe with chlortetracycline as an indicator,
as described by Caswell and Warren (10), was used to follow the kinetics of
Ca++ movements. Fluorescence was determined at an excitation wavelength of
390 nm and emission of 530 nm. B-Toxin itself has no effect on the fluorescence

++ 45

signal. For quantitative measurements of the uptake of Ca ', catt

and

Millipore filtration were employed as described by Meissner and Fleischer (11).
The Millipore membranes were dried under a UV lamp and each was counted in 10
ml Aquasol (New England Nuclear). The exact procedure for each experiment is

described under the legends of figures and table.

Assay of ATPase activity: The method of Martonosi and Feretos (12) was employed

in which ATP hydrolysis was followed by recording continuously the production
of H+. Changes in pH were monitored with a pH meter connected to a chart
recorder. The system was calibrated by adding known amounts of HC1 to the

incubation medium.

RESULTS AND DISCUSSION
Fig. 1 shows the initiation of Ca++ efflux by B-toxin from Ca++—1oaded
SR. The increase in fluorescence of chlortetracycline on addition of ATP
indicates Ca't accumulation, while the fluorescence diminution which follows
the addition of B-toxin indicates ca’* release. Stimulation of ca™t efflux
occurred on addition of as little as 10'9 M B-toxin, i.e. with a toxin to

protein ratio of 1.7 x 1071

moles/mg protein. The rate of Ca++ efflux clearly
increased with higher concentrations of g-toxin. Pretreatment of SR with

++
B-toxin impaired or destroyed their ability actively to accumulate Ca  upon
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Fig. 1 Fluorescence assay of the effect of B-bungarotoxin on Ca++ efflux

from Ca*t*-loaded SR. 0.12 mg. SR protein was incubated in 2 ml medium A of
pH 7.2 containing O.Zg M sucrose, 10 mM histidine, 10 mM KC1, 0.25 mM MgClp,
0.05 mM CaCl2 and 1072 M chlortetracycline as fluorescent indicator. Ca'*
uptake was stimulated by the addition of 0.25 mM ATP. After the maximum
level of fluorescence was reached, toxin {concentration as indicated) was
then added.

addition of ATP. Fig. 2 shows that incubation of SR with 10_7 M g-toxin for

20 min caused complete abolition of active catt uptake in the presence of ATP.

At 10'8 M toxin there was still a rapid phase of the enhancement of fluorescence
indicating rapid Ca++ uptake, but the maximum enhancement of fluorescence was

Tower than that of the control and was not maintained. This observation suggests
that in the initial rapid phase of Ca++ uptake upon ATP stimulation, Ca++ influx
was greater than the Ca++ efflux induced by 10"8 M B-toxin. As the rate of Ca++
influx began to slow down, there was net Ca++ efflux. Though B-toxin tended to
abolish the enhancement of fluorescence due to Ca++ uptake in SR upon ATP addition,
the level of fluorescence in the absence of ATP was higher in the presence of

6 M g-toxin, the level of

toxin than in the control. Fig. 2 shows that at 10°
fluorescence was almost doubled compared to the control. The phénomenon described
above suggests that g-toxin causes SR to become more permeablie to Ca++

In order to obtain quantitative data on the extent of ca™t release in the
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Fig. 2 Fluorescence assay of the effect of B-bungarotoxin on the
accumulation of Ca'™ by the SR. Incubation medium was the same as that
described in Fig. 1.

45

presence of B-toxin, Ca++ Millipore filtration was employed. Table 1 shows

that this method gave results which were qualitatively similar to those obtained
with the fluorescent chelate probe. It was found, however, that with the medium

A (Tow Mg++ and Tow K+) described in Table 1, catt uptake was only 30% inhibited

7

in the presence of 107’ M g-toxin and that about 10-15% inhibition of Ca++

uptake was produced by 10_8— 10'9 M B-toxin. In interpreting these experiments,

45 +

it may be noted that the cat? filtration technique measures the total ca’

bound to SR while the fluorescent chelate probe technique measures only Ca++
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Table 1 Effects of B-bungarotoxin on catt uptake by sarcoplasmic reticulum
from rabbit skeletal muscle *

Ca++ uptake, n moles/mg protein
Toxin-treated (M)

Conditions Control 1076 1077 1078 1077
Medium A
SR 26.5 * 2.1 47.2 + 2.5 | 38.4 1.8 [29.8+2.2 [26.6 *2.0

SR + ATP 74.6 + 4.1 [34.9 4.2 158.4*+4.2 |71.6 £6.1 [67.1 £5.7

Medium B**
SR 6.4 1.1 [10.4 £1.1 9.3 £ 1.5

SR + ATP 79.3 ¥12.1 §135.3 + 5.4 | 65.6 + 5.2

Medium C**
SR 5.1

i+

0.6 5.1 * 0.6

I+

SR + ATP 79.5* 1.4 [89.4*2.4

Medium A was the same as that described in Fig. 1.

* SR preparations with a protein concentration of 0.15 mg/ml were treated
with B-toxin for 20 min, followed by ATP for 10 min. Aliquots (usually
1.0 m1) of reaction mixture were then filtered through Millipore membranes
and the latter were counted each in 10 ml Aquasol. Means from 3-4
experiments are given = S.E.

** Medjum B and C were the same as medium A except that Mg++ and ATP were

raised to 5 mM in the former and 0.1 M KC1 replaced sucrose in the latter
medium.

attached to the membrane surface, so the two techniques may not be quantitatively
comparable. In addition a higher ratio of SR protein to toxin wasused in the
45Ca++ uptake experiments.

It has been found that the action of the toxin is inhibited by high Mg'™
and high k" in the medium (Table 1, medium B and C); these results are in agree-
ment with the observation (3) that high Mg++ has a protective effect against
B-toxin at the neuromuscular junction. 1In agreement with the fluorescence
study, passive catt uptake (i.e. catt by SR in the absence of ATP) was almost

6

doubled in the presence of 10~ M 8-toxin as compared to the control. This

effect was not observed or was insignificant in the high K or high Mg++ medium.
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We initially suspected that the effect of 8-toxin on SR was due to its
interaction with ATPase protein which is known to be associated with the ca™t
pump (13,14). However, we observed that even at 3 x 10'6 M, B-toxin neither
inhibits ATPase in the presence ¢f Ca++ {0.05 mM} nor enhances its activity in
the presence of EGTA.

The stoichiometry between the Ca++ pump of SR and added toxin required to
produce inhibition of Ca*t accumulation has been calculated. The percentage
of Catt pump protein in SR has been estimated to be 70% and it has a molecular
weight of approximately 100,000 (15) (confirmed by SDS gel electrophoresis

on our preparation)., In our Aot

uptake experiments, the concentration of
SR protein is 0.15 mg/ml and thus ca*t pump protein is present at 1076 M. When

toxin of 10'7 M is added, and even assuming that all of the toxin is bound
++ ++
to the Ca  pump, the molar ratio of Ca  pump protein to toxin is 10:1.

Therefore no more than 10% of the Ca++ pump should be affected. However,
we observed a 30% inhibition of Ca'’ uptake at this concentration. Hence
jnsufficient toxin is present to account for the extent of inhibition of Ca' ™
uptake under these conditions. At lower concentration of toxin the ratio
is still less favorable. It therefore seems unlikely that the toxin is
exerting its action through direct inhibition of the '’ pump, but rather
the evidence supports the view that B-toxin increases passive permeability to
Ca++.

The data presented here suggest that f-toxin induces an increase in
catt ion permeability in the SR membrane. If similar effects are produced upon
nerve terminal membranes as well as mitochondria, this could be the cause
of the initial increase in ACh release which has been observed; the
subsequent decrease in release may derive from an upset in intracellular
release mechanisms due to both passive entry of ca’t and a decrease in the

uptake by mitochondria.
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