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ABSTRACT

SAKAGUCHI, G'ENJI (National Institute of
Healthi, Tokyo, Japan), SUMIKO SAKAGUCHI, AND
NOBUKO IMAI. Comparative gel filtration of toxin
grecursor and trypsin-activated toxin of Clostrid-
ium botulinurn type E. J. Bacteriol. 87:401-407.
1964.-Precursor of type E botulinus toxin was
highly purified from bacterial cells by extraction,
ammonium sulfate precipitation, ribonuclease
digestion, and chronmatography on CM-Sephadex.
The sample free from ribonucleic acid had a toxic-
ity of 5.1 X 105 LD5o per mg of nitrogen before acti-
vation and 8.3 X 107 LD5o per mg of nitrogen after
activation. This precursor and its activated prod-
uct were subjected to gel filtration on a column of
Sephadex G-200. No evidence for smaller fractions
was obtained. Both precursor and trypsin-activa-
ted toxin were eluted in the void volume with 0.05
or 1 M acetate buffer (pH 6.0) or with 0.05 or 0.5 M
phosphate buffer (pH 7.5). Intact trypsin and its
degradation products were separated from toxin.
The toxins eluted with the acetate buffers had
potencies of 1.2 X 108 and 1.3 X 108 LD50 per mg of
N, while those eluted with the phosphate buffers
showed lower toxicities. Possible mechanisms in-
volved in the activation process are discussed.

A markedly enhanced parenteral lethality re-
sults from trypsinization of toxin of Clostridiuim
botulinrutr type E at a pH range of 5.5 to 6.5
(Duff, Wright, and Yarinsky, 1956). A partially
purified precursor of type E toxin derived from
bacterial cells contains ribonucleic acid (RNA),
and trypsinization at pH 6.0 changes the electric
charge from negative to neutral or positive (Saka-
guchi and Sakaguchi, 1959). It was suggested
that a group containing RNA may incompletely
cover the toxicity, and the release of this chem-
ical group by trypsin increases the toxicity of
the molecule.

Gerwing, Dolman, and Arnott (1962) per-
formed ultracentrifugal analyses and stated the
mechanism of tryptic activation involves a frag-

mentation process of large molecules of non-
activated toxin (S20,, = 5.6) into much smaller
components not uniform in size (S20,X = < 1).
An attempt was made to compare the elution

patterns of a highly purified precursor freed of
RNA and the trypsin-activated toxin from a
column of dextran gel. Sephadex G-200, consist-
ing of cross-linked dextran chains with high
porosity, separates substances with molecular
weights smaller than about 200,000, which pene-
trate the swollen gel (Flodin, 1962). Should the
molecules of trypsin-aetivated type E toxin be
so small as to be dialyzable, as described by Ger-
wing et al. (1962), entirely different elution pat-
terns between precursor and activated toxin
should come out.

MATERIALS AND M'WETHODS

Preparation of precursor samiple. C. botuliniim
type E, strain VH (Dolman et al., 1950), was
grown at 30 C for 4 days in a peptone medium
of pH 6.3 (Sakaguchi and Sakaguchi, 1961). The
bacterial cells were collected by centrifugation,
washed twice with 0.05 M acetate buffer (pH
5.0), and extracted three times with 1 M acetate
buffer of pH 6.0 at 37 C for 2 hr, followed by re-
frigeration overnight. Solid ammonium sulfate
was added to the extract of 2,700 ml to 50'S, sat-
uration, and the mixture was kept overnight in
the cold. The precipitate was taken by filtration
and dissolved in 0.05 M acetate buffer (pH 6.0).
Salting out at 50%V, saturation of ammonium
sulfate was repeated three times. The third am-
monium sulfate precipitate was dissolved in 350
ml of 0.05 AI acetate buffer (pH 6.0), and it was
passed through a column of Sephadex G-25
(Sephadex and its derivatives were the products
of lharmacia, tTppsala, Sweden) with the same
buffer as eluant to remove ammonium sulfate.
Since the sample at this stage still contained
R.NA, it wvas digested with crystalline ribonu-
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(lease (Wlorthingtoni Biochemical Corp., Free-
hold, N.J.) at a concentration of 50 mg/nml at
30 C for 4 hr in a cellophane casing, w-hich was
ininmersed in 0.02 Mi acetate l)uffer (pH 6.0).
D)ialvsis was continued for anotlher 48 hr in the
col(l against, the same l)uffer.

Fuirther ptirifi(cation of precursor by ion-exclia age
(1hromatography. CAi-Sephadex C-5O (medliumn)
was buffered with 0.02 Ai acetate l)uffer of pH
6.0 andl packed into a colunmn (3.0 bh 20 cmn).
h'l'e l)recursor sample (a total of 1.38 g of pro-
tein in 540 ml of the buffer) Nwas applied on the
colunin an(l eldtedl with 4,000 ml of the samle
buffer by gra(lient increase in concentration of
sodiumi chloride up to 0.2 Ni. Tlhe elution lpattern
is shown in Fig. 1. Tl'he effluent in fractions 71 to
103 wAas pooled, and the lprecursor was lpre(ipi-
tate(l in 50 c saturated amimlloniumn sulfate. lThe
)recilitate was dissolved in 1 00 ml of 0.02 Mi
acetate buffer (pH 6.0) and subjected to gel filtra-
tion again on Sephadex G-25 with the same buffer
as eluant. The precursoi sample andI the acti-
vate(1 samp)le were kept in frozeni state through-
out the experimental l)eriol.

Activation, of precuirsor. Trypsin (twice-crystal-
lized; Nutritional Biochemnicals Corp., Clexve-
land, Ohio) at pH 6.0 was used at a concentration
of 0.05(%. Incubatiotn as It 37 C for 60 mmiii.

Precuirsor and toxinl, assay. A sample of effluent
of the precursor was a(lded withl an equal amouint

4,,,"
1.0-A

-J 0./0
z

0Q.6 /
0.

2 0.4

0.2

of 2%( c(rucde trylpsin (E. _Merck, Darmnstadt,
Grermnany) solutioIn in 0.03 Mi acetate buffer
(pH 6.0), and it was incubated at 37 C for 60
min to dletermiiine l)otential toxicity.

All the toxin materials were diluted twofold
serially in 0.05 At phosphate buffer (pH 6.3)
containing' 0.2%c gelatii. Groups of four mice
per dilution wvere injected intraperitoneally with
0.5 mnl of toxin. After 4 days, the LD5o was cal-
culated according to Reed and M\uench (1938).

Gel filtration. Sephadex G-200 (140 to 400
mesh, 4 g) was allow-ed to swell for 24 hr and
packed inito a (olulnIl 3.0 cm in (liameter to the
height of 17 cm. 'lhe coluiinmi was washed w-ith
an excess amount of each buffer before the ex-
perimnent, andl the same (olumn was used through-
out the experiments. 'he height of the Sephadex
columiln changed from 17 to 18 cm according to
the buffer usel. 'T'he eluants used were 0.05 and
1 Mi acetate btuffer (pH 6.0) and 0.05 and 0.5 'I
)hosphate buffer (1)H 7.5). Each sample con-
siste(l of the precursor of 8.8 nmg of protein in 4
ml of buffer, w-ith or without activation by- 2 mg
of trvpsin. Gel filtrationi was run at room tem-
perature (16 to 20 C). The effluent was collected
in 5-miil portions w-ith a fraction collector.

Protein determiiinationi I'rotein content wAas de-
termnined by use of the Folin phenol reagent
accoiding to Lowry et al. (1951) -ith crystalline
bov-ine serum albumin (Armour annl Co., Chicago,
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FIG. 1. Fractionation of precursor sam2ple on a CMI-Sephadex C-50 columin (3 X 19 cm) by gradient
i.ncrease in ioni.c strengJth. ])otted line indicates the concentration of sodiium*l chlor'ide in a(ldition to 0.02
-if acetate buffer (pH 6.0). ArrowS indicate the .fractiotns which were assayed for toxicities after activation.
Fr ouii left to right: 11, 27, 78, 88, 96, 109, 130. 135, an(d 162.
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TABLE 1. Toxicities of somle precuirsor fractions
elu ted from CMH-Sephadex

LD5o per ml X 106 LD5o per mg of N X 106
Tube Protein
no. (pAg/ml) Before After Before After

activation activation activation activation

11 764 0.0026 0.33 0.021 2.8
27 948 0.0026 0. 66 0.017 4.3
78 1,040 0.020 10 0.13 63
88 836 0.010 7.3 0.077 54
96 780 0.020 7.3 0.16 58
109 612 0.0051 1.0 0.052 10
130 508 0.16 - 2.0
135 692 - 0.16 1.4
162 320 - 0.010 0.2

Ill.) as a standard. Protein nitrogen was deter-
mined by dividing the protein values by 6.25.
The value for trypsin was about 1.6 times as
large as that determined by the Kjeldahl method
and, for the precursor sample, about 1.2 times as
large.

Determination of trypsin activity. Trypsin ac-
tivitv of each fraction was determined by the
method of Kunitz (1946) with casein (Hammar-
sten; E. Merck) as the substrate, and was ex-
pressed in terms of equivalent micrograms of a
crystalline trypsin (Nutritional Biochemicals
Corp.).

RESULTS

The elution pattern of ion-exchange chroma-
tography of the ribonuclease-digested precursor
on CM-Sephadex C-50 is shown in Fig. 1; toxic-
ities before and, after activation of some frac-
tions are given in Table 1. Toxicities of precursor
at some purification steps are given in Table 2.
Each sample of precursor (4 ml) contained 8.80
mg of protein, 2.6 X 105 LD50 without activation,
and 5.8 X 107 LD5o after activation as determined
after defrosting; trypsin-activated toxin (4 ml)
contained 11.9 mg of protein and 5.8 X 107 LD5o.
The elution patterns of gel filtration on a col-

umn of Sephadex G-200 are shown in Fig. 2 to 5.
The results of toxicity assay on some of the eluted
fractions with or without activation are shown in
Table 3. In every set of gel filtration experiments,
precursor and toxin were eluted in the first peaks
in a same effluent volume. The main peak of a
preparation of urease (molecular weight, 480,000;
Tokyo Kasei Industry) was eluted in the same
effluent volume as precursor or toxin.
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FIG. 2. Elation patterns of precurosor (upper) and
trypsin-activated toxin (lower) front a Sephadex
G-200 column. Elbant: 0.05 m acetate buffer (pH
6.0). In Fig. 2 to 5, dotted line represents trypsin
activity. Numbered artrows indicate the fractions
assayed for toxicities.

100 150
EFFLUENT VOLUME
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FIG. 3. Elution patterns of precursor (upper) and
trypsin-activated toxin (lower) froml a Sephadex
G-200 column. Eluant: 1.0 M acetate buffer (pH 6.0).

The peak fraction of precursor or toxin had
the highest specific toxicity, indicating that the
first peak is not homogenous.
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TABLE 2. Purification of precursor from bacterial cells

LD5o per ml X 106 LD5o per mg of N X 106
Sample Volume Protein

(ml) (mg/ml) Before After Before After
activation activation activation activation

Whole culture............... 60,000 0.258* 0.00051 0.16 0.012 4.0
Washed-cell suspension. 1,100 17.6 0.032 11 0.011 3.7
Cell extract.2G 55 2,655 1.82 0.021 8.5 0.71 29
3rd (NH4) 2SO4 precipitate

(after desalting).550 3.35 0.082 15 0.15 27
Ribonuclease digest.572 2.51 0.026 9.0 0.064 22
Effluent (no. 71-103) from
CM-Sephadex .............650 0.60 0.020 6.6 0.21 69

(NH4) 2SO4 precipitate of CM-
Sephadex effluent (after de-
salting) ................. 150 2.02 0.16 26 0.51 83

Precursor after defrosting
(sample for gel filtration
on Sephadex G-200) 1 ......150 2.20 0.065 14 0.18 41

* Determined on the precipitate by 5% trichloroacetic acid.
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FIG. 4. Elution patterns of precursor (upper) and
trypsin-activated toxin (lower) from a Sephadex
G-200 column. Eluant: 0.05 M phosphate buffer
(pH 7.5).

When an activated sample was subjected to
gel filtration, two protein peaks were eluted. The
second peak was sufficiently retarded, but it was
shown to be only slightly toxic. The highest
trypsin activity was demonstrated between the
first and the second protein peaks. The amount

of protein at the peak in trypsin activity was
very small, and the total trypsin activity re-
covered was very low, indicating that a large
part of trypsin had decomposed during the proc-
esses of activation or during the subsequent stor-
age, or both. No appreciable difference in amount
of protein was shown between the precursor and

21
0.3 4,
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0.3 23

S0.3~
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FIG. 5. Elution patterns of precursor (upper) and
trypsin-activated toxin (lower) from a Sephadex
G-200 column. Eluant: 0.5 M phosphate buffer
(pH 7.5).
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TABLE 3. Toxicities of precursor and toxin elllted front Sephadex G-200 column

Sample

Precursor

Toxin

Precursor

Toxin

Precursor

Toxin

Precursor

Toxin

Original precursor (4
ml)

Original toxin (4 ml)

Frac-
tion*

1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Protein
(AgIml)

232
200
96.8
217
126

l 121
233
156
52.8

200
134
88.8
99.2
151
322
146
178
256
112
160
276
189
43.2
231
170
77.5
118

2,200

2,980

LD50 per ml X 106

Before
activation

0.016
0.0036

4.5
0.49
0.041
0.029
0.0032
0.0020
3.7
0.66
0.016
0.0051
0.0065
0.015
0.0033
0.33
2.6
0.12
0.00049
0.041
0.0065
0.0018
1.9
0.23
0.00032
0.00012
0.065

15

* Numbers correspond to those above the arrows in Fig. 2 to 5.

After
activation

2.9
0.71
0.16

3.1
0.42
0.16

0.46
1.3
0.19

1.8
0.24
0.082

14

LD5O per mg of N X 106

Before
activation

0.44
0.11

130
24
2.1
0.77
0.13
0.24

120
31
1.1
0.32
0.27
0.28
0.014
12
64
6.9
0.019
0.93
0.21
0.26

56
8.5
0.026
0.0061
0.18

30

After
activation

77
22
11

83
17
19

19
26
8.1

41
7.8
12

41

the toxin peaks. These facts indicate that the

second peak of the trypsin-activated sample was

not derived from the precursor but from the

trypsin added.
To eliminate the possible interaction between

molecules of toxin due to hydrogen bonding, 0.1

M phosphate buffer (pH 7.0) containing 8 M urea

was also used as eluant. The effluent, however,
was completely nontoxic as was the case with

type A toxin (Schantz, Stefanye, and Spero, 1960).

DIscussIoN

By the culture method for C. bottlinunir type E
presented here, a large part of precursor of toxin

was recovered in bacterial cells, which are easier

to handle than is culture supernatant. In the

purification steps, extraction of cells by 1 M ace-

tate buffer (pH 6.0) and ion-exchange chroma-
tography on CM-Sephadex C-50 accomplished a

high degree of purification. It was shown that
RNA contained in the precursor extracted from
bacterial cells can be removed by ribonuclease
digestion without changing the toxicity before
and after activation. Therefore, the ribonucleic
aeid itself has no role in covering the toxicity as

pointed out by Gerwing et al. (1961).
The present study showed that neither toxin

precursor nor trypsin-activated toxin of C. botu-
linuni type E penetrates swollen gel of Sephadex
G-200. The results may be indicative of large
molecular weights (200,000 or larger) possessed
by both precursor and trypsin-activated toxin.

Eluant

Acetate
(0.05 M,
pH 6.0)

Acetate (1 At,
pH 6.0)

Phlosphate
(0.05 M, pH
7.5)

Phosphate
(0.5 M, pH
7.5)

405VO L. 87, 196)4



SAKAGUCHI, SAKAGUICHI, AND IMIAI

If so the hypothesis proposed by G(erwing et al.
(1962) that tryp)sin activation involves a fiag-
mentatioin process of large tox;in molecules
(S. ,1 = 5.6) illto IlU('ch smaller miolecule.s
(S20,, = < 1) is nOt vali(1. Of course, )ossible
p)rotein-lproteinl ilnteraetion slhouldl le taken into
considleration befo)re draw-iing a deeisi eonelu-
Sion OIn Ilioleenilair wN-eight from gel filtratioIn. 'The
possibility, however, wotil(l Inot be large, beeause
the IesUIlts wvere -si-milar with eluaints of different
ionic strenigth a(la different pH values, whereby
interaction (de to electrostatic bon(ding may have
bleen excluded. Besidlex, (lissociatioi of crystalline
tvlpe A toxlin (S2o,wv = 20) inito sm11all fragment's
(S20,, = 5) reported by- W1-agmiiani anid Batemiiain
(1953) (loes not involve any aetiva tion pheInoIm-
einon. Iherefore, fragnmentation inlto suich small
iimolecules as to be (lialvzalble is Inot likely to be a
prerequisite to the activation process. FiO(k,
Yarinskv, aInd Dtuff (1961) observed two com-

p)onents of S20,, = 12.5 and 4.7 by ultraceintrif-
iigal analy sis of a, partially purified tryplsin-
activated toxin. Althougoh Gerwing et al. (1962)
aseribed the discrep)ancy in sediimentation con-
stant, of trypsin-activated ty e E toxin to the
differeInce in sttarting material aIld purification
l)rocedlures, Fiock's toxin was dlerive(l from whole
culture aIld should contain toxinls of both intra-
cellular aInd extracellular originl.

T'lhe ,present investigatioin (li(l Iot (leimloinstirate
any fragmileInt in appreciable amnount, wvhether
toxic or Inot, released fromn the precursor mole-
cule as a result of activation that can penetrate
into gel of Sephadex G-200. The amount of pro-
tein eluited in the first peak of prec(ursor an(l that,
of the activated toxin wA-ere niot appreciably differ-
enit. Therefore, if activation by trypsin should
involve a fragnmentatioin lrocess, the molecular
weight of the resultiing fragments may still he
larger than 200,000.

If activation should involve an unmasking
process, that is, releasing inhibiting substance(s)
froIml the )Ie(ptirsor molectule, the illasking grouip
would( not h)e much larger thani the toxin, be-
cauise toxinl of 1.3 X 108 or 1.2 X 108 LD.50 per
mg of N was eluited in thle peak w-ith acetate
buffers of )1H 6.0. If ty,pe 1' tox(in lhad the same
toxicity as tvlpe A crystallinie tox'in (2.2 X 108
L0l) mugI'o1w:f N), the pleak might contain inert
protein at 40 4> or less. There remains another
possibility that Ino peptide fragmenit is released
by activation, or that the fragnwncit, if there was

an11y, might be too simiall to be (letected by the
present method.
The plotencies of the toxinl and those achieved

by activation of the precursor eltuted by phos-
phate buffers of )1H 7.5 we'tre low\er- than those
obtainedl with acettate buffers of )H 6.0. 'T'his
may reflect a lower doegree of stability of both
toxin anIl lprecursor at pH 7.5.
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