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ABSTRACT

FREA, JAMES I. (University of Wisconsin,
Madison), ELIZABETH MCCOY, AND F. M.
STRONG. Purification of type B staphylococcal
enterotoxin. J. Bacteriol. 86:1308-1313. 1963.-A
procedure for the production and isolation of type
B staphylococcal enterotoxin in yields up to 4 mg
per liter of toxic culture is presented. Staphylococ-
cus aureus S6 was grown in shake flask cultures at
37 C for 24 hr in a medium consisting of 2% Hy-
Case S.F., 0.3% yeast extract, calcium pantothen-
ate, nicotinic acid, and thiamine. Cells were re-
moved by centrifugation and the supernatant
fluid was concentrated by dialysis against poly-
ethylene glycol. Enterotoxin was isolated from the
concentrate by ethanol precipitation, gel filtra-
tion on a G-100 Sephadex column, and Sephadex-
column electrophoresis. The purified toxin was
identical to type B reference enterotoxin on both
disc electrophoresis and Ouchterlony gel diffusion.
It contained no carbohydrates, lipids, or nucleic
acids, gave positive tests for protein; and con-
tained 11.6% N. The preparation showed no co-
agulase, alpha-hemolysin, or deoxyribonuclease
activity. Emesis in monkeys resulted when the
experimental toxin was injected at the rate of
0.26 ,ug of N per kg of body weight.

Staphylococcal food poisoning is one of the
most common types of food poisoning in the
United States (Bergdoll, 1956). Although the sub-
stance causing this type of food poisoning has
been regarded in the past as a single toxin, recent
serological evidence indicates that two or more
distinct types of enterotoxin exist (Thatcher and
Robinson, 1962). Letter designations have been
assigned to the known types and suggested for
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those which may yet be discovered (Casman,
Bergdoll, and Robinson, 1963).
The prevalence of staphylococcal food poison-

ing has stimulated efforts to obtain pure entero-
toxin for definitive chemical and physiological
investigations. The result of extensive work in
Dack's laboratory was a method of preparing
type B enterotoxin, regarded as essentially pure
(Bergdoll, Sugiyama, and Dack, 1959). Their pro-
cedure, as later modified (Bergdoll, Sugiyama,
and Dack, 1961), yielded, per liter of toxic culture
broth, less than 1 mg of a product, of which an
amount containing about 1 Mg of nitrogen was
sufficient to cause emesis in the monkey when
administered orally.
The object of the present investigation was to

devise a simpler and more efficient enterotoxin
purification procedure. Only type B toxin was
studied, but the procedure developed can proba-
bly be adapted to other toxin types.

MATERIALS AND METHODS

Enterotoxin production. Staphylococcus aureus
S6 was grown on a reciprocal shaker [90 strokes
(2-in.) per min] at 37 C in a medium of the follow-
ing composition: Hy-Case S.F. (Sheffield Chem-
ical, Norwich, N.Y.), 20 g per liter; yeast extract
(Difco), 3 g per liter; nicotinic acid, 1200 MAg per
liter; calcium pantothenate, 500 MAg per liter; and
thiamine. HCl, 40 Mig per liter. The initial pH
was 7.4 to 7.6. Erlenmeyer flasks (500 ml) con-
taining 100 ml of medium were inoculated with a
1% inoculum of rapidly metabolizing staphylo-
coccal cells and incubated for 24 hr. The cells
were then centrifuged out and the supernatant
fluid was concentrated to minimal volume by
dialysis against Carbowax 4000 (Chicago Appa-
ratus Co., Chicago, Ill.), by a procedure similar
to those described by McClendon and Somers
(1955) and Soller (1961). The viscous concentrate
in the dialysis tubing served as the crude toxin
concentrate (CTC) and was stored at -15 C
until needed for purification studies.
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Protein assay. Protein was assayed routinely by
determining the absorbancy of solutions at 280
m,u on a Beckman DB spectrophotometer, and
converting the absorbancy values into milligrams
of material absorbing at 280 m,u by interpola-
tion on a reference curve prepared with bovine
serum albumin. No correction was made for pos-
sible interference by nucleic acids, since the or-
cinol and diphenylamine tests failed to show their
presence in any of the purified fractions (B, C, and
D, Table 1). Column eluates were continuously
monitored for protein by passing them directly
from the column through a flow cell located in
the light path of the spectrophotometer, and the
transmittancy was plotted by a recorder attached
to the spectrophotometer. Transmittancy values
were converted to absorbancies for plotting elu-
tion diagrams. Eluates from electrophoresis ex-
periments were assayed as individual fractions.
The protein content of purified toxin preparations
to be tested for biological activity was determined
by micro-Kjeldahl analysis and expressed as per
cent N times 6.25.

Enterotoxin determination. The enterotoxin-con-
taining fractions were located by two methods
with type B reference materials obtained through
the courtesy of M. S. Bergdoll, Food Research
Institute, University of Chicago. One was purified
type B reference toxin (RT), prepared by the
method of Bergdoll et al. (1959). The second was

S6 (type B) antienterotoxin (RS). The location of
toxin fractions of RT was determined in advance
by noting the elution volume in gel filtration or

the distance of travel during electrophoresis. Pro-
tein peaks at corresponding elution volumes or

distances of travel in the purification of CTC were
then considered to be the toxin-containing frac-
tions. For definitive toxin determination and iden-
tification, gel diffusion assays in Ouchterlony
plates comparing experimental toxin (ET) prepa-
rations and RT against RS were carried out.
The toxic activity of the final purified experi-

mental toxin (PET) was assayed by administer-
ing samples intravenously to rhesus monkeys
and determining emesis.

Disc electrophoresis. Disc electrophoresis on
polyacrylamide gel as well as staining of the elec-
trophoretically developed gel were performed by
the method of Davis (1963) as modified by Ger-
loff (1963).

TABLE 1. Summary of results in the
purification of S6 enterotoxin

Least
no. of Least

Material disc Least
Fraction Step absorbing electro- number

at 280 mpA phoresis of
staining antigens
bands

mg

A Concentrate (from 3690
1 liter of toxic
broth)

B Ethanol precipi- 734
tate

C Toxin peak from 24 7 3
G-100 Sephadex-
column gel fil-
tration

D Toxin peak from 3.2 2 1
Sephadex-col-
umn electro-
phoresis

RESULTS

Fractionation of CTC. The CTC from 1 liter of
staphylococcal culture (approximately 4 ml) was
diluted to 10 ml with 0.02 M sodium phosphate
buffer at pH 6.8 (buffer A) and allowed to stand
for 4 hr at 4 C. Insoluble material was then re-
moved by centrifugationi, and the supernatant
fluid (fraction A, Table 1) was diluted with cold
95% ethanol (-15 C) to a final concentration of
40% (v/v). The ethanolic solution was stored at
-15 C for 12 hr and centrifuged, the precipitate
was dissolved in 5 ml of buffer A, and any insolu-
ble material was removed by centrifugation. The
resulting solution (fraction B, Table 1) was then
placed on a column (1.9 by 34 cm) packed with
G-100 Sephadex (Pharmacia Laboratories Inc.,
New York, N.Y.) previously equilibrated with
buffer A. After all of the sample had entered the
packing, the column was eluted by gravity flow
with buffer A. The elution pattern shown in Fig.
1 was obtained. RT passed through the same
column under similar conditions showed a protein
peak at 44 ml of effluent; hence, the peak at 44
ml in the CTC purification was taken to be the
toxin-containing fraction. The eluates from 40
through 49 ml were combined (fraction C, Table
1), dialyzed against 100 volumes of distilled water
at 4 C for 12 hr, and then lyophilized.
The lyophilized material dissolved in 0.2 ml of

0.015 M sodium phosphate buffer at pH 6.0
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FIG. 1. Elution pattern of the ethanol precipitate
from Staphylococcus aureus S6 crude toxin con-
centrate on a G-100 Sephadex column (1.9 X 84 cm).
Eluting buffer was 0.02 M sodium phosphate (pH
6.8).

(buffer B) was next subjected to Sephadex-col-
umn electrophoresis. The solution was allowed to
run into the packing in a 0.6-cm (inner diameter)
column packed with 7 cm of G-50 Sephadex on
top of 13 cm of G-75 Sephadex. The column had
previously been washed thoroughly and equili-
brated with buffer B. As soon as the last of the
sample disappeared into the G-50 Sephadex,
buffer chambers were attached to both ends of the
column and the entire system was filled with
buffer B. Buffer levels were adjusted so that no
buffer flow through the column occurred. A posi-
tive carbon electrode was immersed in the upper
chamber and a negative carbon electrode in the
lower chamber. A potential of 20 v/cm of column
packing was applied by means of a constant-volt-
age power supply (E. C. Apparatus Co., Swarth-
more, Pa.) for 7 hr, the electrophoresis being done
at room temperature. The packing was then ex-
truded and sectioned into 1-cm segments, each
of which was eluted with 3 ml of distilled water.
Absorbancies of the eluates at 280 m,u plotted
against distance from the top of the column are
shown in Fig. 2. Disregarding that, at the origin,
one distinct area containing absorptive material
is shown at 15 cm. In a similar run, the RT also
showed absorbancy in this position. The CTC
component which had moved 15 cm was then
presumed to be the toxin-containing fraction.
The eluates of segments 13 through 18 were
combined and lyophilized (fraction D, Table 1)
to give 4.4 mg of PET. Spectral analysis showed
the presence of 3.2 mg of material absorbing at

280 m,u in this preparation, a value that would
correspoid to a protein content of 72.7%.

Analysis of the PET preparation. The homoge-
neity of the above PET preparation and the iden-
tity of the protein components present were
examined by disc electrophoresis analysis. Equiv-
alent amounts of the RT and PET preparations
based on 280-m, absorbance (RT, 125 ,g; PET,
175 ,g) were subjected simultaneously to disc
electrophoresis. After electrophoresis and stain-
ing, the pattern shown in Fig. 3 was visible. The
RT shows a dense band and another slightly
fainter one just below it. The PET shows a similar
upper band but considerably less of the lower one.

Analyses of RT, PET, and a toxin sample pre-
pared by our procedure from a 20% type B enter-
otoxin preparation from Dr. Bergdoll were also
carried out by the Ouchterlony technique with
RS. The results in Fig. 4 show only one line of
precipitation, namely, a line of identity for the
three antigens tested. A similar Ouchterlony anal-
ysis of the three enterotoxin preparations, but
employing an antienterotoxin (ES) prepared in
rabbits against PET, gave an identical precipita-
tion pattern.
To determine the identity of the enterotoxin

band in RT, a combination of disc electrophoresis
and gel diffusion was utilized. RT was separated
electrophoretically, and the gel was immediately
split longitudinally into two equal sections. One
half-section was laid on an agar plate flat side
down between and equidistant from two ditches,
one containing RS and the other ES. The second
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FIG. 2. Sephadex-column electrophoresis protein-
distribution pattern of the toxin fraction from the
G-100 Sephadex-column eluate. Electrophoresis
performed in 0.015 M sodium phosphate buffer
(pH 6.0) for 7 hr at 20 v/cm.
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half-section was stained for protein. The agar
plate so prepared was stored at 30 C in a humidity
chamber. After 10 days, the unstained section was
replaced by the stained section in exactly the
same position. Correspondence of staining bands
and lines of precipitation are shown in Fig. 5. It
is obvious that only the upper staining band re-
acted with either RS or ES. Analysis of PET by
the same procedure gave an identical precipita-
tion pattern, showing further that the PET prepa-
ration contains type B enterotoxin.

Further examination of PET showed negative
Molisch, orcinol, and diphenylamine tests, and
insolubility in and lack of extractability by both
chloroform and ether. Thus the presence of carbo-
hydrates, nucleic acids, and lipids was not de-
tected. Positive biuret, Folin, and ninhydrin tests,
as well as absorption at 280 m,, showed that, as:......:.

....... :.:.: ::.::.::..~~~~~~~~... ; S -., > ..~~~~~._| ~~~~~~~. FIG. 4. Comparison of purified type B reference
toxin (T) and purified experimental toxin (E)
against S6 type B antienterotoxin (R) by Ouchter-
lony gel diffusion. Well B contained a toxin sample
prepared by our procedure from a crude toxin source
identical to that from which T was obtained.

FIG. 3. Disc electrophoresis analysis of purified

type B reference toxin (T) and purified experi-
mental toxin (E).

FIG. 5. Analysis of purified type B reference
toxin (T) by a combination of disc electrophoresis
and gel diffusion. Electrophoretically separated T
against S6 type B antienterotoxin (R) and an anti-
enterotoxin prepared in rabbits against purified
experimental toxin (S).
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expected, the preparation was proteinaceous in
nature. The nitrogen content of 11.6% (micro-
Kjeldahl) corresponded to 72.5% protein. This
low value undoubtedly reflects the presence of
buffer salts, since no effort was made to remove
these from the PET preparation.
To substantiate further the homogeneity of the

biological activity of PET, it was tested for co-
agulase, alpha-hemolysin, and deoxyribonuclease.
All were negative; hence, these possible contami-
nants from the culture broth were considered to
be absent.

Tests for emetic activity in rhesus monkeys
were kindly carried out through the courtesy of
E. J. Shantz. Intravenous administration of 0.3
or 1.0 ,ug of PET per kg of monkey body weight
produced no effect. Doses of 2.2, 13, and 22 ,ug/
kg produced typical symptoms of enterotoxin
poisoning in 2 of 3, 4 of 4, and 2 of 3 monkeys, re-
spectively. Thus, the lowest effective dose pro-
vided 0.26 ,ug of nitrogen per kg of body weight.

DIscUSSION

Despite the fact that staphylococcal food poi-
soning has been recognized and studied for years,
only one procedure for the isolation of one type of
enterotoxin has been presented in detail (Bergdoll
et al., 1959, 1961). Their procedure allows the
preparation of type B toxin in high purity; i.e.,
the preparation is homogeneous in an ultracentri-
fuge and in free electrophoresis (Hibnick and
Bergdoll, 1959), shows only one antigen in gel
diffusion, and causes emesis in monkeys when fed
at the rate of about 1 jig of nitrogen per animal.
Toxin yield was, however, less than 1 mg per liter
of bacterial culture.
The procedure devised in this investigation is

simple and provides type B enterotoxin in yields
of up to 4 mg per liter of bacterial culture. The
toxin preparation is nearly homogeneous on disc
electrophoresis and appears to be identical to the
major staining component in the RT prepared by
Bergdoll. Only a trace of the second staining com-
ponent of RT is present in the PET preparation.
Gel diffusion analyses of RT and PET show both
to be identical when tested against either RS or
ES. Further, ES, when tested in gel diffusion
against CTC of S6, showed only one line of pre-
cipitation, an indication of the specificity of ES.
The second prominent staining band revealed

by disc electrophoresis analysis of RT raised a
question as to which represented the actual en-

terotoxin. If the lower band rather than the upper
was in fact the toxin, the value of the proposed
purification procedure would certainly be open to
question, since PET showed little of this lower
band on disc electrophoresis analysis. However,
by a combination of disc electrophoresis and gel
diffusion, the upper band in RT was shown to be
the toxin. Identical results with PET in the same
procedure showed that it, too, contained type B
enterotoxin.

Confirmation of the biological activity of PET
was provided by the monkey tests which demon-
strated that PET produced the typical symptoms
of enterotoxin poisoning in this species.

Although only type B toxin purification was
studied, the methods of isolation chosen were such
that they could be adapted for application to the
purification of other enterotoxin types. Especially
adaptable should be the gel filtration step, since
it relies almost entirely on the physical property
of molecular size.
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