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1. SUMMARY

Purified toxin and its subunits from Clostridium
botulinum type B were labeled with '“*iodine and
binding of them to rat brain synaptosomes was
studied. Labeled toxin and heavy chain were
shown to bind to synaptosomes and there was no
significant difference in the molar quantity of
bound toxin and heavy cham at several concentra-
tions of labeled l!ghl chain
did not blnd to synaptosomes. The binding of
labeled heavy chain to synaptosomes was in-
hibited by unlabcled toxin and heavy chain to a
similar degree as that of labeled toxin. The bind-
ing of labeled toxin and heavy chain to synapto-
somes were inhibited by a monoclonal antibody
which is specific for the heavy chain.

2. INTRODUCTION

Clostridium botulinum neurotoxins have a com-
mon molecular structure composed of a heavy
chain (M, about 100000) and a light chain (M,
about 50000) linked by one or more disulfide
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bond(s) [1]. These toxins inhibit the acetylcholine
release from cholinergic nerve endings, causing
neuromuscular paralysis [2). They are thought to
express toxic activity through the process of bind-
ing to presynaptic membrane, internalization, and
blocking of transmitter release [2]. There exists
indirect evidence to suggest that the heavy chain
of the toxin molecule is responsible for binding
the toxin to presynaptic membranes. This includes
competition of heavy chain for binding sites on
synaptosomes with whole toxin [3-5] and inhibi-
tion of binding of whole toxin to synaptosomes by
polyclonal and monoclonal antibodies specific for
the heavy chain [6,7]. However, there has been no
report showing binding properties of heavy chain
to presynaptic membranes. This paper reports the
binding properties of radioiodinated heavy chain
of botulinum type B toxin to rat brain synapto-
somes.

3. MATERIALS AND METHODS

3.1. Preparation of type B toxin and its subunits
Clostridium botulinum type B strain Lzmanna
was grown in 6 lite:s of toxin production mediur
[8] at 37°C for 5 days. Toxin purification was
carried out by the method of DasGupta and
Sugiyama [8]. Subunits of type B toxin were pre-
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pared by elution from SDS-polyacrylamide gels
following the procedure of Hager and Burgess [9].
Protein concentration was determined by the
method of Bradford [10] with ovalbumin as a
siandard. Toxicity was determined by the time to
death method [11}.

3.2. Preparation and characterization of monoclonal
antibodies

Toxoid was prepared by dialyzing purified toxin
against 0.4% formalin in 50 mM phosphate buffer,
pH 6.0, at room temperature for 1 week. BALB/c
mice were immunized with toxoid or heavy chain
following the procedure of Hayakawa et al. [12].
Spleen cells were fused with myeloma cells
(Sp2/0-Agld) by 45% polyethylene glycol 4000
(Merck). Antibody-secreting hybridemas  were
screened by ELISA with alkaline phosphatase
conjugated anti-mouse immunoglobulin (Sigma)
and then cloned by limiting dilution. Cloned cells
were grown in Dulbecco’s modified Eagle medium
(Gibco) supplemented with 10% fetal bovine serum
(Sigma). The culture supernatant was fractionated
with ammonium sulfate at 25 to 50% saturation
and dialyzed against PBS at 4°C,

Immunodiffusion tests were carried out with
goat antisera to mouse immunoglobulins (Sigma)
to determine immunoglobulin (sub)classes of
monoclonal antibodies. To determine the subunit
of toxin to which each antibody binds, immuno-
blotting was carried out by the prodecure of Win-
ston et at. [13}. Neutralizing activity of each anti-
body was determined as described by Kamata et
al. [14].

3.3. Radioiodination

150 uCi of '**1 (Amersham) was mixed with 20
pg of toxin or subunit in 100 pl of 100 mM
phosphate buffer, pH 7.5. The reaction was ini-
tiated by adding 100 pl of chloramine T solution
(80 ug/ml) and was stopped after 40 s at room
temperature by adding 20 ul of L-tyrosine solution
(1 mg/ml), Labeled toxin or subunit was sep-
arated from the reaction mixture by gel filtration
on a Sephadex G-25 column (1.0 X 10 cm), pre-
equilibrated with 100 mM sodium phosphate
buffer, pH 7.5, containing 0.1% bovine serum al-
bumin, and then dialyzed against the same buffer
for 1 day at 4°C,

3.4. Binding of type B toxin and its subunits to
synaptosomes

Synaptosomes from rat brain were prepared by
discontinuous sucrose-gradient centrifugation, as
described by Whittaker [15]. Labeled toxin (300
ng), heavy chain (200 ng) or light chain (100 ng)
was mixed with various amounts of synaptosomes
(0-40 pg protein) in a total volume of 100 pl of
incubation medium (120 mM Nacl, 2.5 mM KCI,
2 mM CaCl,, 4 mM MgCl,, 0.25% bovine serum
albumin, 10 mM phosphate buffer, pH 7.2). After
incubation at 37°C for 30 min, the reaction was
stopped by dilution with 900 gl of incubation
medium and centrifugation (12000 x g for 15
min). 500 g1 of supernatant (@) and the remaining
contents (b) of the vessel were measured for y-
radiation. Nonspecific binding (c) was determined
by incubation in the presence of 500-fold excess of
unlabeled toxin over the amounts of labeled toxin
or subunits. The radioactivity bound (d) was
calculated according to the formula d=b—(a +
c).

For testing the inhibition by unlabeled toxin
and heavy chain, labeled toxin (30 ng) or heavy
chain (20 ng) was mixed with various amounts of
unlabeled toxin or heavy chain and then synapto-
somes (10 pg protein) were added. After incuba-
tion at 37°C for 30 min, the reaction was stopped
by dilution and centrifugation.

For testing the effects by monoclonal antibod-
ies, labeled toxin (30 ng) or heavy chain (20 ng)
was preincubated with various amounts of mono-
clonal antibody for 15 min at 37°C and then
synaptosomes (10 pg protein) were added.

4. RESULTS AND DISCUSSION

When purified type B toxin was reduced with
5% B-mercaptocthanol, nearly all of the toxin was
cleaved into a heavy and a light chain (Fig. 1A).
The subunits of type B toxin were prepared by
elution from preparative SDS-polacrylamide gels
i d of cc ional QAE-Sephadex chro-
matography {16} or gel filtration [17). The subunits
were recovered with about 40% efficiency.

Four hybridoma cell lines were established and
monoclonal antibodies produced by them were
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Fig. 1. SDS-PAGE (A) and auloradnog.—apu {B) ui iypc B
toxin and its sub was perfq d with
7.5% running gel and 4% smckmg gel. Lancs 1, molecular
mass markers: myosin (M, 205000), B-galactosidase (M,
116000), phosphorylase b (M, 97000), bovine serum albumin
(M, 66000), ovalbumin (M, 45000); 2, type B toxin under
nonreducing condition: 3, type B toxin under reducing condi-
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TABLE 1

Some prop of fonal antibodies against type B toxin

Antibody Subrel Epitope N m
tion* (%)

BI toxoid IgM Hchain 69

B2 toxoid 1gG1 Hchain 73

B3 toxoid 1 Hchain 7

B4 heavy chain  13G1 Hchain 87

* Type B toxin was diluted to0 4x 10° LD, /ml with PBS and
mixed with equal volume of each antibody preparation (2
mg,/ml). After incubation at 37°C for 30 min, the remaining
toxicity was determined. The data express remaining toxicity.

ties identical to those of unlabeled toxin and sub-
units (Fig. 1B).
Labeled toxin and its subunits were examined
for binding properties to synaptosomes. When
beled toxin or subunits were incubated with

tion; 4, radioiodinated type B toxin under g condi-
tion; S, radioiodinated heavy chain under reducing condition;
6, radioiodinated light chain under reducing condition.

characterized (Table 1). They all recognized the
heavy chain of type B toxin. The neutralizing
activity of antibody B3 was much higher than
those of the others.

Specific radioactivities of the labeled toxin and
subunits were 1.08-1.38 Ci/g protein and the
toxicity of labeled toxin was about 84% that of
unlabeled toxin. When the labeled toxin and sub-
units were examined by electrophoresis and auto-
radiography, they showed electrophoretic mobili-

various amounts of synaptosomes, binding of light
chair was not observed. In contrast, the specific
binding of toxin and heavy chain was proportional
to the amounts of synaptosomes up to 5 pg of
synaptosomal protein (Fig. 2) and there was no
significant difference in the moles of bound toxin
and heavy chain at the tested concentrations of
synaptosomes (Table 2). In addition. there was no
significant difference in the inhibitory effects of
unlabeled toxin and heavy chain (Fig. 3). The
concentrations of unlabeled toxin that induced
half-inhibition of the binding of labeled toxin and
heavy chain were 1.8 nM and 2.0 nM, respectively.
The half-inhibition concentrations of unlabeled

TABLE 2
Amounts of toxin and heavy chain bound to synaptosome
P A bound to
cm‘“mm,"on Toxin Heavy chain
(ug protein)
cpm ng mol * cpm ng mol
10%) 107 (10%) (1071
1.28 16 9.4 6.6 11 63 64
25 34 200 141 2.6 149 15.2
50 78 459 323 5.0 286 29.2
100 99 582 410 80 45.7 46.6
150 104 61.2 43.1 8.4 48.0 490
200 n7 68.8 484 9.2 526 53.6

* The molecular masses of toxin and heavy chain were assumed to be 142000 and 98000, respectively.
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Fig. 2. Binding of labeled toxin and subunits to synaptosome.
Labeled toxin (510000 cpm, 300 ng), heavy chain (350000
cpm, 200 ng) or light chain (166000 cpm, 100 ng) was in-
cubated with various amounts of synaptosomes at 37°C for 30
min. Values are the means of two determinations.
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Fig. 3. Inhibition of binding of labeled toxin and heavy chain
to synaptosome by unlabeled toxin and heavy chain. Labeled
toxin (51000 cpm, 30 ng) or heavy chain (35000 cpm, 20 ng)
was incubated with syaaptosomes (10 pg protein) in the pres-
ence of unlabeled toxin (@) or heavy chain (0). Values are the
means of two determinations.
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Fig. 4. Effects of monoclonal antibodies on binding of 1abeled
toxin and heavy chain to synaptosome. Labeled toxin (51000
cpm, 30 ng) or heavy chain (35000 cpm, 20 ng) was prein-
cubated with various of each fonal antibod;

preparation at 37°C for 20 min and then synaptosomes (10 g
protein) was added and the mixture was incubated further at
37°C for 30 min. Only the results with antibodies B2 and B3
are shown and antibodies B1 and B4 showed similar effects as

B2. Values are the means of two determinations.

heavy chain for the binding of labeled toxin and
heavy chain were 2.1 nM and 1.8 nM, respectively.
All the results indicate that the heavy chain of
botulinum type B toxin has a similar binding
ability to synaptosomes as the whole toxin. When
compared to previous reports utilizing only labeled
toxin [3-7), the results obtained in this study
provide the first direct evidence for the involve-
ment of heavy chain in binding of botulinum
neurotoxin to presynaptic membranes.

When monoclonal antibodies, specific for the
heavy chain, wers tested for the effects on binding
of toxin and heavy chain to synaptosomes, similar
effects were obscrved in both whole toxin and
heavy chain. Antibody B3 inhibited the binding of
both toxin and heavy chain effectively, and the
others showed little inhibitory effects (Fig. 4).
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