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A nonproteolytic strain of Clostridium botulinum type B produces two toxins
of different molecular weight (16S and 12S) that are indistinguishable from the
corresponding toxins of a proteolytic strain in molecular weight and construction
but differ in potential toxicity, activation ratio, and hemagglutinability. Suc-
cessful hybridization between the toxic and nontoxic components (both 7S) of
12S toxins of biologically heterologous type B strains confirmed the physico-
chemical similarity between the toxic as well as the nontoxic components.

All Clostridium botulinum type A and some
type B and F strains are proteolytic; all type C,
D, and E strains and some type B and F strains
are nonproteolytic. Nonproteolytic strains of
types B, E, and F are known to produce toxins
that are activated upon trypsinization (2, 3, 5).
The progenitor toxin of a proteolytic type B
strain Okra was obtained in two different mo-
lecular forms, 16S (L toxin) and 12S (M toxin)
(9). Both L and M toxins consist of neurotoxic
and nontoxic components. The neurotoxic com-
ponent of either toxin has a molecular weight of
170,000 (7S) (1, 8). The nontoxic component of L
toxin is about 12S and contains hemagglutinin
activity, whereas that of M toxin is 7S and
contains no hemagglutinin activity (9).
The toxins of proteolytic and nonproteolytic

type B strains are slightly different antigeni-
cally (11, 12). The cultural and biological prop-
erties of nonproteolytic type B strains are more
like those of type E and therefore different from
those of proteolytic type B strains in that gas
formation in carbohydrate fermentation is
strong, the minimum growth temperature is
3 C, and the maximum heat resistance of
spores is about 30 min at 60 C (13). The binding
and competition of deoxyribonucleic acid iso-
lated from cultures showed that a nonproteoly-
tic type B strain was 100% homologous,
whereas a proteolytic type B strain was only
11% homologous to a type E strain (10).
The toxin of a nonproteolytic type B strain

has never been purified. We attempted to pu-
rify the progenitor toxin(s) of a nonproteolytic
type B strain QC and compared their molecular
construction and other properties with those of
a proteolytic type B strain Okra. Kitamura and

Sakaguchi (6) succeeded in reconstructing type
E 12S toxin molecules with the dissociated 7S
toxic and 7S nontoxic components, but failed to
achieve hybridization between components of
type E and A progenitor toxins. We also at-
tempted to make hybrids with each component
of M toxin of the nonproteolytic strain and the
matching components of the M toxin of a prote-
olytic strain of C. botulinum type B and suc-
ceeded in achieving hybridization in any combi-
nation.

Nonproteolytic C. botulinum type B strain
QC was grown in peptone-yeast extract-glucose
medium for 4 days at 30 C. Progenitor toxins
were purified by procedures similar to those
used for purifying toxins of proteolytic type B
strain Okra (9). Determinations of toxicity, pro-
tein, ribonucleic acid, and direct hemaggluti-
nin, polyacrylamide gel electrophoresis, and
agar gel diffusion were performed as reported
previously (9). Horse antitoxic plasma against
type B QC toxins (710 IU/ml), given by H.
Kondo, Chiba Serum Institute, Ichikawa-shi,
Chiba, was used for agar gel diffusion tests.
As was the case with proteolytic type B, two

toxins of different molecular weight were
eluted from Sephadex G-200 at the final step of
purification. The early-eluted toxin was called
L (large) toxin and the late-eluted was called
toxin M (medium) toxin. The yield of purified
type B QC L and M toxins was only 3.0 mg from
a 30-liter culture. The recovery in potential
toxicity (mouse intraperitoneal toxicity at-
tained after trypsinization at pH 6.0) was only
3.4% of that found in culture. The specific po-
tential toxicity (the potential toxicity per milli-
gram of protein nitrogen) increased 600-fold by
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the purification procedures. The corresponding
figure for type B Okra toxin was about 10-fold
(9). The specific potential toxicity of purified
type B QC M toxin was 8 x 108 to 9 x 108 mean
lethal doses per mg of N, and that of L toxin
was 5 x 108 to 6 x 108 mean lethal doses per mg
of N. Although the preparations were still not
completely pure as judged by polyacrylamide
gel electrophoresis, these toxicities were about
twice those of type B Okra L and M toxins (9).
Because of such high toxicities and relatively
low toxin levels found in cultures, it was not
easy to purify type B QC toxin. Hemagglutinin
activity was not found in M toxin but was found
in L toxin at 30 ,g/ml or higher concentrations.
The activity was considerably higher than that
of Okra L toxin (9).

Potentiation results from trypsinization of
crude culture of a nonproteolytic type B strain
(2). Since trypsinization of highly purified QC L
and M toxins increased the toxicities by about
100-fold, the phenomenon can be regarded as
true activation. The activation ratio was con-
siderably higher than that of type B Okra L and
M toxins (9).
The sedimentation constants of QC L and M

toxins were estimated to be 16S and 12S, re-
spectively, since they emerged at the same posi-
tions in Sephadex G-200 gel filtration at pH 4.0
and sedimented to the same relative positions
in sucrose density gradient centrifugation at
pH 6.0, as did Okra L and M toxins.
The M toxin molecule (12S) appeared to con-

sist of one molecule each of toxic and nontoxic
components of the same molecular size of 7S, as
was the case with Okra M toxin (9). In diethyl-
aminoethyl-Sephadex chromatography at pH
8.0 (7), it behaved exactly like Okra M toxin; it
was resolved into two protein peaks, the first
one being toxic and the second one nontoxic, of
the same areas. The elution positions of the two
components were identical to those of the corre-
sponding components of Okra M toxin. QC L
toxin was eluted also in toxic and nontoxic
peaks under the same conditions, but the area
of the second peak was about three times as
large as that of the first one. The elution posi-
tions and the relative areas of the two compo-
nents were the same as those of the correspond-
ing components of Okra L toxin (9).

Reconstruction of the 12S toxin molecule was
attempted with the toxic and nontoxic compo-
nents dissociated from M toxins of strains QC
and Okra. The same quantities on a protein
basis of the toxic and nontoxic components of
the same or different origin were mixed to-
gether. The mixtures were dialyzed overnight
against 0.05 M acetate buffer, pH 6.0, at 4 C. A

0.2-ml portion of each mixture was centrifuged
in a 5 to 20% sucrose density gradient made in
0.05 M acetate buffer, pH 6.0, at 130,000 x g for
8 h at 4 C. Fractions were collected and ana-
lyzed for protein content and potential toxicity.
The 12S toxin molecule was reconstructed

with the two dissociated components originat-
ing from the same M toxin (Fig. 1 a, b). Hybrid-
ization of the toxic component of either strain
with the nontoxic component of the other strain
was also successful (Fig. lc, d). Each recon-
structed or hybridized 12S toxin molecule
proved to contain both the toxic and nontoxic
components by agar gel double-diffusion tests
(Fig. 2). Successful reconstruction of the 12S
toxin molecule with toxic and nontoxic compo-
nents ofM toxin of the same as well as different
origin confirmed the physicochemical similar-
ity between the corresponding components ofM
toxins of proteolytic and nonproteolytic type B
strains.
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FIG. 1. Ultracentrifugal analysis for reconstruc-
tion of12S molecules in a sucrose density gradient (5
to 20%) at pH 6.0. (a) Toxic component (TC) plus
nontoxic component (NC) of Okra M toxin; (b) TC
plus NC ofQC M toxin; (c) TC of Okra M toxin plus
NC ofQC M toxin; (d). TC ofQC M toxin plus NC of
Okra M toxin. Symbols: 0, protein; 0, potential tox-
icity.
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FIG. 2. Agar gel double-diffusion tests with hybrid toxins. (a) Toxic component (TC) ofOkra M toxin plus

nontoxic component (NC) ofQC M toxin. (1, 2) Antitoxin type B; (3) NC ofQC M toxin; (4, 7) hybrid toxin; (5)
TC ofOkra M toxin; (6) QC M toxin; (8) Okra M toxin. (b) NC of Okra M toxin plus TC of QC M toxin. (1, 2)
Antitoxin type B; (3) TC ofQC M toxin; (4, 7) hybrid toxin; (5) NC ofOkra M toxin; (6) QC M toxin; (8) Okra
M toxin. The antitoxin was used at 355 IUIml, and the antigens were used at concentrations of 176 to 282 pgl
ml.

This study demonstrated that not only the
toxic but also the nontoxic components pro-
duced by genetically and biologically distinct
organisms are immunologically and physico-
chemically similar. Bacteriophages isolated
from proteolytic and nonproteolytic type B
strains were morphologically indistinguishable
and classified into the same group (4). Although
the role of the bacteriophage in toxigenicity of
C. botulinum type B has not been elucidated,
the present findings could be explained by the
infection of entirely different host organisms
with identical pairs of bacteriophage(s) control-
ling formation of the toxic and nontoxic compo-
nents.
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