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Although type E strains of Clostridium botu-
linum have been implicated in human botulism
since 1936, no studies of the isolation or charac-
terization of the toxin have been reported. Crude
toxoids have been prepared by various workers
for immunization of animals and preparation of
antitoxin. Barron and Reed (1954) presented a
systematic study of methods for preparation of
crude alum precipitated type E toxoid, employing
cultures grown in cellophane dialysis bags.

Publications from our laboratory have de-
scribed procedures for production and purification
of C. botulinum types A, B, and C toxins suitable
for preparations of purified toxoids (Duff ef al.,
1957a, 1957b; Cardella et al., 1956). Duff et al.
(1956) reported that the intraperitoneal toxicity
for mice of crude and partially purified type E
toxin was increased strikingly when the culture
was incubated with trypsin. The present paper
describes an extension of these studies to the
preparation of partially purified type E toxoid.
The purification and detoxification of nonacti-
vated and trypsin activated type E toxins were
compared, and the immunization of mice by
aluminum phosphate toxoids was investigated.?

MATERIALS AND METHODS

The “VH?” strain of C. botulinum type E, iso-
lated by Dolman et al. (1950) from an outbreak
of human botulism, was used. The methods for
strain maintenance, production of toxin, and
activation with trypsin have been described pre-
viously (Duff ef al., 1956). Toxicity titrations
were carried out in 18 to 20 g white mice by intra-
peritoneal inoculation of 0.5 ml of dilutions of
toxin in gelatin phosphate buffer. Procedures for
total nitrogen determinations and flocculation

! Present address: Department of Parasitology,
School of Public Health, University of North
Carolina, Chapel Hill, North Carolina.

2 A preliminary report of these studies has been
published (Gordon et al., 1956).
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titrations also have been described (Duff et al.,
1957a). Crude univalent type E antitoxin was
supplied by the Microbiological Research Es-
tablishment of the Ministry of Supply at Porton,
England. The aluminum phosphate suspension
was prepared, with slight modifications, accord-
ing to the procedure of Holt (1950). To 224 ml of
NazPO,4-12H,0 (15.75 per cent wt/vol), 224 ml
of AICl;-6H,O (10.0 per cent wt/vol) was added
slowly with constant stirring. To this mixture
1116 ml of distilled water was added and the pH
adjusted to 5.5. After sterilization at 120 C for
15 min the precipitate was allowed to settle so
that one-half the supernatant could be removed.
The resulting suspension contained approximately
14 mg aluminum phosphate per ml.

RESULTS

Toxin production. Preliminary investigations
of production of type E toxin led to use of a
medium composed of proteose peptone, yeast
extract, and dextrin. Several peptone prepara-
tions (Difco: Proteose Peptone #2, Proteose
Peptone %3, Proteose Peptone %4, Tryptone,
Neopeptone, Tryptose, Protone) were tried, but
none produced as high a yield of toxin as proteose
peptone (Difco). Hydrolyzed casein preparations
(Baltimore Biological Laboratory: Trypticase,
Lactalysate; Sheffield Farms: N-Z- Amine-A,
N-Z-Amine-B, N-Z-Amine-E, Hycase, Edamin,
N-Z-Case) were added to the proteose peptone
medium. No increase in toxin production was
observed. In the proteose peptone medium,
dextrin was found to be slightly better than
glucose, and considerably better than lactose,
maltose, and sucrose.

Preliminary studies of the effect of tempera-
ture of incubation on toxin production in chopped
meat medium revealed that after 5 days slightly
higher toxicities were obtained at 30 C than at
26 C or 35 C. This observation is compatible with
previous studies in which other media were used



534

(Dolman et al., 1950; Hazen, 1937; Prévot and
Huet, 1951).

The effect of various concentrations of con-
stituents of the basal medium is summarized in
table 1. Activation of the toxin was carried out
for 1 hr at 37 C in the presence of 1.0 per cent
trypsin (Difco 1:250). The pH values of the
5-day cultures ranged from 5.1 to 6.0; no adjust-
ment was made before activation. When the
proteose peptone and dextrin constituents were
held constant, 2.0 per cent yeast extract was re-
quired for satisfactory toxin production. When
the yeast extract and dextrin were held constant,
a greater yield of toxin was obtained as the con-
centration of proteose peptone was increased
from 0.1 per cent to 2.0 per cent. When the pro-
teose peptone and yeast extract were held con-
stant, satisfactory toxin production was obtained
with 0.5, 1.0, or 2.0 per cent dextrin.

For routine production of the toxin used for
purification, cultures were grown at 30 C in a
medium composed of 2.0 per cent proteose pep-
tone, 2.0 per cent yeast extract (BBL), and 1.0
per cent dextrin. On the basis of activation

TABLE 1

Effect of various concentrations of proteose peptone,
yeast extract, and dextrin on type E production*

. Concen- | p. Acti d
Basal Medium t‘x}:ﬁzx‘; lc:f L]li')lf:/ar;)l’ LCS:%;
%
Yeastextract
Proteose peptone, 0.1 200 | 20,000
2.0%

Dextrin, 1.09%, 0.5 200 | 20,000
1.0 200 | 20,000
2.0 4,000 | 250,000
4.0 5,600 | 225,000

Proteose

peptone
Yeast extract, 2.09, 0.1 200 | 20,000
Dextrin, 1.0% 0.5 250 | 58,000
1.0 2,500 | 126,000
2.0 4,000 | 250,000
4.0 5,800 | 225,000

Dextrin
Proteose peptone, 0.1 200 | 20,000

2.0%

Yeast extract, 2.0% 0.5 5,600 | 225,000
1.0 4,000 | 250,000
2.0 5,000 | 225,000

* Cultures grown 5 days at 30 C.
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studies on type E toxin (Duff ef al., 1956), 7 days
was selected as the growth time.

Toxin purification. With types A and B botuli-
num toxins, acid precipitation was a satisfactory
method for initial concentration and purification
of toxin from whole culture (Snipe and Sommer,
1928; Lamanna and Glassman, 1947). However,
type E toxin was not precipitated by 3 N H,SO,
in the range from pH 2 to pH 5. Accordingly,
precipitation with alcohol was investigated. The
temperature of the whole culture was lowered to
0 C, and 95 per cent ethanol was added slowly to
a final concentration of 25 per cent at —7 C.
Lower concentrations of ethanol precipitated less
toxin from the culture. To aid settling of the
precipitate, micron bentonite (Volclay Bentonite,
BC grit free, American Colloid Company,
Chicago), a highly refined diatomaceous earth,
was added to a concentration of 1 g per L of cul-
ture. The mixture was allowed to stand 48 hr at
—7 C. Approximately 80 per cent of the super-
natant was siphoned off. The remaining precipi-
tate was collected by centrifugation at —7 C,
at 4000 rpm for 30 min. The precipitate was
diluted with cold water to 1§ the culture volume
and stirred for 1 hr at room temperature. This
material is referred to as the first alcohol fraction.

The use of calcium chloride solutions for extrac-
tion of botulinum toxin from culture precipitates
has been described for types A and B by Duff
et al. (1957a, 1957b) and for type C by Cardella
et al. (1956). The effect of calcium chloride con-
centrations from 0.015 M to 0.3 M at pH 5.2, 6.0,
and 6.8 on extraction of type E toxin from non-
activated culture precipitate was investigated.
The greatest recovery of toxin occurred with
0.3 M calcium chloride; however, as with the
types A and B toxins, the type E toxin was not
readily precipitable from the 0.3 M calcium chlo-
ride solution. The pH of extraction did not appear
to be critical except at low concentrations of
calcium chloride. Solubility of the toxin decreased
with pH at 0.015 M calcium chloride. The follow-
ing conditions and methods were selected for
extraction of toxin. The alcohol precipitated
toxin was diluted to 14 the culture volume with
water and 1.0 M CaCl; solution to a final concen-
tration of 0.075 M CaCl,. The pH was adjusted
to 6.0 and the suspension was stirred for 2 hr at
room temperature. The mixture was centrifuged
at 20 C, at 4000 rpm for 30 min. The supernatant
is called the CaCl; extract fraction.

The effect of ethanol on the precipitation of
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toxin from the extract was studied. The greatest
yield of toxin was obtained at —7 C with a final
concentration of 25 per cent ethanol. The second
aleohol precipitate was allowed to stand over-
night at —7 C and collected by centrifugation
at —7 C, at 4000 rpm for 30 min.

The effect of different concentrations of phos-
phate buffer in dissolving the second alcohol
precipitate was investigated. The greatest re-
covery of toxin occurred when 0.08 M phosphate
buffer was used for the resolution of the precipi-
tate. The second alcohol precipitate was dissolved
to 14 the CaCl, extract volume in 0.08 M phos-
phate buffer, pH 6.0, and the solution was clari-
fied by centrifugation at 20 C, at 4000 rpm for
30 min to remove a small amount of an inert in-
soluble material, probably calcium phosphate.
The supernatant is called the second alcohol
fraction.

The toxin was reprecipitated with ethanol at a
final concentration of 25 per cent. Lower concen-
trations of ethanol resulted in lower yields of
toxin. The precipitate was allowed to stand over-
night at —7 C and collected by centrifugation
at —7 C, at 4000 rpm for 30 min. The third
alcohol precipitate was dissolved to 14 the volume
of the second alcohol fraction in 0.2 M succinate
buffer, pH 5.5. The product is called the third
alcohol fraction.

The fractionation procedure was originally
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developed for nonactivated toxin and subse-
quently applied to the activated preparation. To
compare the purification of activated and non-
activated toxins, whole cultures were divided
into two equal portions. The first portion was
activated before fractionation. The culture was
adjusted to pH 6.0, brought to 37 C, and 0.1 per
cent trypsin was added. Maximum activation
was obtained in 75 min. The second portion,
without trypsin, was incubated under the same
conditions. Both batches of toxin were purified
according to the procedure summarized in figure
1. Activation of the whole culture before frac-
tionation led to easier manipulation throughout
the purification. Settling of the precipitate at the
first step was more compact, centrifugations were
more effective, and the precipitates were more
easily dissolved in buffer. With activated toxin
gravity filtration using Eaton and Dikeman %193
filter paper could be substituted for centrifuga-
tion after extraction with calcium chloride.
Average purification and recovery data from
three experiments are presented in table 2.
Satisfactory purification and recovery were ob-
tained with activated toxin at each step in the
scheme. With nonactivated toxin, purification
was satisfactory except at the final step, at
which point no further purification occurred
from the previous fraction. The specific activity
of the final activated product (in terms of LDj,

WHOLE CULTURE*

Add 95% EtOH to 25%, conc, add 0.1% bentonite, let settle at —7 C, siphon
supernatant, centrifuge precipitate a,}: —7 C, 4000 rpm, 30 min.

Precipitate

"
Supernatant discard

Dilute to ¥ culture vol with H,O, stir 1 hr at room temp.*
Dilute to 14 culture vol with H,O and 1.0 m CaCl; solution to final conc of 0.075
M CaCl., adjust to pH 6.0, stir 2 hr at room temp, centrifuge at 20 C, 4000

rpm, 30 min. '

T
Supernatant*

1
Precipitate discard

Add 95% EtOH to 25%, conc at —7 C, let settle overnight, centrifuge at

—7 C, 4000 rpm, 30 fnin.

-
Precipitate

A
Supernatant discard

Dissolve in 0.08 M PO, buffer, pH 6.0, clarify by centrifugation at 20 C,

4000 rpm, 30 min.*

Add 95% EtOH to 259, conc at —7 C, let settle overnight, centrifuge at

—7 C, 4000 rpm, 30 |min.

-
Precipitate
Dissolve in 0.2 M succinate buffer, pH 5.5.*

1
Supernatant discard

Figure 1. Fractionation scheme for Clostridium botulinum type E toxin. Asterisk (*) indicates points

of assay (LDso per ml).
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TABLE 2
Average purification and recovery during fractionation of activated and nonactivated torins*
i Fold Con- T £ R Fold
pomigston, VS| Wowml | DwmeN GBI | Purtcation
Whole culture A 200,000 47,000
NA 4,400 1,000
First alcohol fraction 6 A 930,000 710,000 82 17
NA 15,000 8,300 59 8
Calcium chloride extract 4 A 520,000 1,400,000 69 33
NA 12,000 21,000 69 21
Second alcohol fraction 16 A 2,100,000 13,000,000 66 280
NA 43,000 94,000 64 94
Third alcohol fraction 32 A 3,500,000 19,000,000 55 410
NA 56,000 85,000 40 84

* The results are the average of 3 experiments.

1 A refers to activated culture; NA refers to nonactivated culture.

per mg N) was about 200 times as great as the
nonactivated preparation. When the nonacti-
vated third alecohol fraction was activated with
trypsin after purification, a specific activity of 4
million LDs per mg N was obtained, excluding
the nitrogen of the trypsin. The activity was
about 14 that of the products that were acti-
vated before purification. Preliminary ultra-
centrifugation studies indicated that the third
aleohol fraction was not homogeneous.

Tozoids. The third alcohol fractions in 0.2 M
succinate buffer were used for the preparation of
toxoids. Detoxification of both activated and non-
activated toxins was carried out at pH 5.5 in the
presence of 0.6 per cent formalin (Reagent
Formaldehyde Merck Neutral) at 33 C. Samples
were removed at various intervals during de-
toxification, dialyzed against succinate buffer to
remove residual formalin, and tested for residual
toxin by subcutaneous injection of 1.0 ml into
each of 5 mice. The toxin was considered de-
toxified if all test animals survived for 10 days.
In a comparison of four activated and non-
activated toxins, all nonactivated toxins were
detoxified after 14 days and three of the four
activated toxins were also nontoxic at this time.
The fourth required between 18 and 22 days.
Flocculation titrations were carried out before
detoxification and after dialysis. No loss in floc-
culating activity (Lf) occurred during detox-
ification or dialysis of any of the toxoids.

Equal volumes of aluminum phosphate sus-
pension and fluid toxoid were mixed so that the
final concentration of AIPO, was 7 mg per ml and

the final pH was 5.5. The AIPO, toxoids were
titrated for antigenicity by immunization of mice
with 1.0 ml doses of toxoid injected subcutane-
ously. The mice were challenged intraperitoneally
4 weeks later with varying doses of toxin. The
animals were observed for 4 days and the pro-
tection was calculated by the method of Reed
and Muench (1938). An activated toxin was
selected as the challenge toxin because nonacti-
vated toxin did not give a true picture of the
antigenic value of the toxoid. In table 3 are com-
pared the results of challenge of immunized mice
with activated and nonactivated toxins (non-
glycerinated). The two toxins were prepared from
the same batch of culture. The toxoid was pre-
pared from a nonactivated toxin. Similar results,
which are not presented, were obtained with mice
immunized with toxoid prepared from activated
toxin. In subsequent studies, the challenge toxins
were routinely stabilized by addition of 2 vol of
glycerine and storage at —20C. With these

TABLE 3

Comparison of meutralization endpoint and
protection in tmmune mice challenged with
nonactivated and activated torins*

Dilution of

Challenge Toxin Toxin Neutral-

Protection in
ized (50% End LDso

Type | LDso/ml Point)
Nonactivated.| 4 X 10* 1-4 1 X 10¢
Activated. .. .| 2 X 10¢ 1-4 5 X 105

* Toxoid was prepared from a nonactivated
toxin and was a 64-fold concentration of the
culture.



1957] IMMUNITY TO TOXINS OF C. BOTULINUM 537
TABLE 4
Immune response of mice to ALPOy integrated toxoids prepared from activated and
nonactivated toxins
Fluid Toxoidt Lf in X
Bap.No. | Tgmentol | LDu/m beor e | mmunting | FiRn
MgN/ml Li/ml e ins Dose
1 A 1 X 108 0.04 3 62 1.5 10,000
NA 2.3 X 10¢ 0.17 7 240 3.5 20
2 A 1.6 X 108 0.07 6 51 3.0 50,000
NA 5.1 X 10¢ 0.41 15 118 7.5 5,000
3 A 2.2 X 108 0.08 9 77 4.5 6,000
NA 5.1 X 10¢ 0.82 15 7.5 40,000
4 A 4.2 X 108 0.19 12 22 6.0 100,000
NA 5.8 X 10¢ 0.75 12 44 6.0 23,000

* A refers to activated culture; NA refers to nonactivated culture.
t All toxoids were a 32-fold concentration of the culture.

preparations, dilutions below 1 to 7 were not
used for challenge to avoid deaths caused by
glycerine.

The antigenic response of four AIPO, toxoids
prepared from activated and nonactivated toxins
purified according to the procedure described
above is shown in table 4. Except in experiment
3, the toxoids prepared from activated toxins
produced a greater antigenic response than did
the corresponding toxoid prepared from non-
activated toxin. The highest antigenic response
was obtained in experiment 4 with a toxoid pre-
pared from an activated toxin. The toxoid pro-
tected against approx 100,000 LD;o. The purity,
in terms of LDjs per mg N, was essentially con-
stant in different batches of purified toxin, but
the antigenicity of the toxoids varied. There was
an inverse relationship between antigenicity and
the time required for flocculation.

DISCUSSION

The medium described for the production of
type E toxin consists of readily available and
reasonably reproducible constituents. Toxicities
of about 5000 mouse intraperitoneal LDj per
ml (nonactivated toxin) were routinely obtained
from cultures grown at 30 C for 5 days. This
compares favorably with published results.
Dolman et al. (1950) obtained 4000 mouse MLD
per ml in ground meat or peptone beef-infusion
broth in 5 days at 37 C. Hazen (1937) reported a
toxicity of about 3000 mouse LDso per ml from

a culture grown 5 days at 25 to 30 C in Van
Ermengem’s medium with 2.0 per cent peptone
and 1.0 per cent calcium carbonate.

Most of the investigation on development of
the medium was completed before the activation
of toxin in trypsin was observed and studied.
Accordingly, the composition of the medium was
presumably adjusted not only for elaboration of
protoxin, but also for partial spontaneous
activation. Production and activation may be
favored by different cultural conditions, however,
and if trypsin activation is carried out after
growth, additional investigation may suggest
cultural conditions for increased production of
toxin.

The fractionation of activated type E toxin as
described above yielded products of considerable
purity. In terms of LDs per mg N, slightly
greater than a 400-fold purification was obtained
from whole culture. Preliminary analysis in the
ultracentrifuge suggested that the products were
not pure. The specific activity of the final acti-
vated product was essentially constant in differ-
ent lots, and was about 1{( that obtained with
purified types A and B toxins (Abrams et al.,
1946; Lamanna et al., 1946; Lamanna and Glass-
man, 1947).

The protection afforded mice by type E
toxoids prepared from activated toxins varied
somewhat in the different lots, but approached
that obtained with types A and B toxoids. The
activated toxoids apparently afforded somewhat
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greater protection than the preparations studied
by Barron and Reed (1954). This difference is
probably due, at least in part, to the use of non-
activated challenge toxins by the latter authors.
The results obtained in this study are similar
to those reported by Batty and Glenny (1948) in
their work with C. welchii epsilon toxins and
toxoids. These workers found that activation of
the epsilon toxin and toxoid by trypsin increased
the antigenicity in rabbits and guinea pigs,
despite a considerable loss in combining power.
Three of four of our activated toxoids had a lower
flocculating activity (Lf per ml) than their re-
spective nonactivated controls. In three of the
four experiments, however, the antigenicity of the
activated toxoids was greater than that of the
control. Trial in man will be required to deter-
mine their suitability for human immunization.
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SUMMARY

A simple and relatively reproducible medium
has been developed for toxin production by
Clostridium botulinum type E. The medium con-
tained 2.0 per cent proteose peptone, 2.0 per cent
yeast extract, and 1.0 per cent dextrin. Primary
toxicities of approximately 5000 mouse intra-
peritoneal LDs per ml were produced in 5 days
at 30 C. This toxicity was increased to 200,000
LDs, per ml by activation with trypsin. The
toxin was fractionated by a procedure involving
precipitation with ethanol in the cold, extraction
of the toxin with calcium chloride solution, and
two additional ethanol precipitations. Fraction-
ation of activated toxin produced a 400-fold in-
crease in specific activity. Toxins were detoxified
in the presence of formalin and adsorbed on
aluminum phosphate. Toxoids prepared from
both activated and nonactivated toxins were
antigenic for mice.
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