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Abstract : Alpha toxin of S aureus has cytolytic activity respectively. This antigen has been
received the most attention since it is a major virulence factor in pathogenesis of staphylococcal
mastitis. Thus, alpha toxin has been focused as potential candidate of vaccine to minimize mastitis
in cows.

The purpose of this study was to develop a simple, efficient production and purification methods
of sufficient amount of alpha toxin antigen from S aureus.

Alpha toxin production measured by hemolytic activity was the highest at 18 hrs postino-
culation in yeast extract culture medium supplemented with thiamine, nicotinic acid and casamino
acid. Alpha toxin was purified by ammonium sulfate precipitation (65%) and ultrafiltration. Mole-
cular weight of the toxin was 33 kDa in the analysis with SDS-PAGE.

Conclusionally, when alpha toxin was included in the vaccine, the optimal harvest time of
alpha toxin was at 18 hrs after inoculation in yeast extract medium supplemented with thiamine
and nicotinic acid.
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toxin®,
Alpha toxin is an exotoxin produced by many strains of §
aureus from cows. As described by Wood™, alpha toxin has
MASTITIS is one of the major economic problems in  specific cytotoxic activity on phagocytic cells, neutrophils
dairy industry'""”, Although the disease is multifactorial, S  and macrophages. Since the majority of S aureus strains iso-
aureus has been considered as the primary agent and it pro- lated from bovine mastitic milk produce toxins, the role of
duces several virulence factors such as CPS*® and alpha this toxin in the pathogenesis of bovine mastitis is clear. Re-
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moval of S aureus from the mammary gland is accomplished
mainly via phagocytosis. Thus, the capability of alpha toxin
to kill phagocytes may prolong the infection by reducing
the bacterial clearance rate. In vitro studies have shown that
specific alpha toxin antibodies were able to neutralize the
toxin and prevented cytolytic effects on phagocytes™'.
Therefore, the presence of specific antibodies in milk may
be useful in preventing the killing of phagocytes by alpha
toxin,

The purpose of this study was to find the optimal con-
ditions for production and purification of alpha toxin with
simple, efficient and large scale.

Materials and Methods

Bacteria : Staphylococcus aureus Wood 46 strain (ATCC
10832) was used for the production of alpha toxin. This
strain was obtained by the courtesy of Dr. Per Jonsson
(Section of Bacteriology and Epizootology, Swedish Univ-
ersity, Uppsala, Sweden).

Growth medium for alpha toxin production : Medium
used for alpha toxin production was the yeast extract broth
supplemented with casamino acid (20 g) (Difco, USA), D-
glucose (2.5 g) (Sigma, USA), thiamine (0.13 mg) (Wako
chemicals, Japan), nicotinic acid (1.2 mg) (Wako chemicals).
DW was added to this medium to final volume to 1.0 L.
The components was dissolved and adjusted pH to 7.5 with
1to 2 mlof 10 N NaOH.

Preparation of crude alpha toxin : Seed culture of § au-
reus was performed aerobically in 100 ml of tryptic soy
broth (30 gfliter, pH 7.2) (Difco) in 0.5 liter flasks on a ro-
tary shaker (120 rpm) at 37C.

After an exponentially growing preculture, 4% (v/v) ino-
culum was incubated. After 18 hrs incubation, the superna-
tant of broth culture medium was harvested by centrifuga-
tion (10,000 g} (Beckman, USA) for 20 min at 4°C as the
method of Lind ef al ™ and Harshman et al ”. Briefly, the su-
pernatant was filtered through 0.45-pm filter unit (Nalgene,
USA), followed by 0.22-pm filter unit (Nalgene). The total
protein concentration of the supernatant was determined by
MicroBCA Protein Assay Reagent Kit (Pierce, USA). Su-

pernatants were collected and stored at 4C immediately.
Solid ammonium sulfate (Wako chemicals) was added (65%
saturation) to the supernatant and the precipitate was kept
for 2 hrs in a cold room. The precipitate was collected by
centrifugation at 4 for 15 min at 16,000 X g and stored at -
207 as a stock of crude toxin.

For purification of alpha toxin, the thawed precipitate was
dialyzed in dialysis bag (MW : 15,000) (Spectrum, USA)
overnight against 10 mM sodium acetate buffer (pH 5.0)
containing 20 mM NaCl. Other precipitated proteins were re-
moved by centrifugation at 12,000X g for 20 min at 4.
The clear supernatant was filtered through a 0.22-pm mem-
brane filter (Nalgene). Finally crude alpha toxin supernatant
was collected and concentrated by ultrafiltration apparatus
with 10 kDa cutoffs (Amicon, USA)

Assay of hemolytic activity : The hemolytic assay was
performed as described by Bemheimer and Schwartz'. One
ml of alpha toxin was diluted to 1 ml with PBS and then
one ml was taken for serial two-fold dilution in PBS. One
ml of 1% (v/v) PBS-washed rabbit erythrocytes was added
to 1 mi of diluted toxin and the dilution series were in-
cubated at 37C for 30 min. The tubes were then cen-
trifuged for 5 min at 3000 rpm to remove cells, and the opt-
ical densities of the supemnatants were determined at 545 nm
(Skan soft 1, USA). One hundred percent hemolysis was
determined from a tube containing 0.1% (w/v) sodium do-
decyl sulfate (Sigma). The tube representing 50% hemolysis
was also determined spectrophotometrically (Skan soft 1)
at 412 nm. One hemolytic unit is an amount of alpha toxin
producing 50% lysis. The concentration of hemolytic units
in a sample assayed was calculated from the known dilution
factors. Usually, interpolation of values between adjacent as-
say tubes was done. Rabbit erythrocytes were obtained by
cardiac puncture and were stored in Alsever solution (pH 6.9).

Electrophoresis and western blot : The crude alpha tox-
in was analyzed by 12% SDS-PAGE described by Laemmli’,
Electrophoresis was carried out as follows. After cen-
trifugation of culture supernatant, 50 ul (1 pg of total pro-
tein) of sample was loaded on each well. And after con-
centration of 2 L of culture supernatant, 100 pl (100 pg of
total protein) of alpha toxin concentrate was loaded.
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Amperage was at 100 mA for 10 min until the dye was
moved into the resolving gel and decreased amperage to 50
mA and run the gel until the bromophenol blue reaches the
bottom of the resolving gel. After electrophoresis, gels were
stained with Coomassie brilliant blue (Bio-Rad, USA).

After electrophoresis without staining, the gels were elec-
troblotted on nitrocellulose membranes (Millipore, USA)
and blocked with gelatin (Sigma). And then reacted with a
monoclonal antibody specific to alpha toxin (Sigma). Perox-
idase conjugated anti-rabbit IgG (Sigma) was added and
then reacted with 4-chloro-1-naphthol as substrate perox-
idase (Bio-Rad).

Results

Growth medium for alpha toxin production was the yeast
extract medium supplemented with casamino acid, glucose,
thiamine and nicotinic acid.

Comparisons of number of bacterial cells, protein con-
centration and hemolytic units (HU) of alpha toxin were
shown in Table 1. S aureus strain Wood 46 exhibited ex-
ponential growth in the first 11 hrs when grown aerobically
on yeast extract medium. Hemolytic activity was peaked at
18 hrs and protein concentration was the highest at 8 hrs after

inoculation.

Table 1. Comparisons of bacterial growth rate, protein con-
centrations and alpha toxin hemolytic activity after
inoculation in yeast extract medium

Postinoculation  A(celis/ml)  B(mg/ml)  C(HU/ml)
0 hr 2.3%x10? 9.5 0
8 hrs 17x1¢7 13.0 24
11 hrs 22x10° 12,0 18
16 hrs 35x10° 115 48
18 hrs 16x10' 9.0 96
33 hrs 32x10" 7.0 36
48 hrs 2.7x%10" 8.0 12

A number of bacterial cells.

B: total protein concentration of 1 ml culture medium.

C: hemolytic activity using 1% rabbit erythrocyte suspension was measured
at 412nm periodically (end-point method).

Other proteins other than 33 kDa of alpha toxin were
present (Fig 1). The crude toxin was harvested after 18 hrs.
After dialysis of precipitate with ammonium sulfate (65% sa-
turation), insoluble proteins were removed by ultrafiltration.
Alpha toxin band after concentration of ultrafiltration was
present at 33 kDa (Fig 2).
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Fig 1. Analysis of culture supematants of Staphylococcus au-
reus Wood 46 with sodium dedecyl sulfate-polyarcrylamide
gel electrophoresis after baterial cells were removed by cen-
trifugation. Alpha toxin bands (closed arrow) were shown at
approximately 33 kDa. Lane 1: culture supernatant after cen-
trifugation (3,000 g), Lane 2: culture supernatant after cen-
trifugation (10,000 g), Lane 3: culture supernatant after cen-
trifugation (16,000 X g), M : standard molecular marker.

Alpha toxin was also observed at 33 kDa in the analysis
of western blot. The yield of alpha toxin was 2.0-4.5 mg/lit-

er of culture medium.

Discussion

The highest hemolytic activity of alpha toxin was ob-
served at 18 hrs postincubation. This result of the study

1", S aureus showed ex-

agrees with a report of Lind et a
ponential growth in the first 11 hrs when grown aerobically

on yeast extract broth. Toxin production also started during
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Fig 2. Analysis of purified alpha toxin of Staphylococcus au-
reus after ammonium sulfate concentration and ultrafiltration.
Thick alpha toxin band (closed arrow) was shown at approxi-
mately 33 kDa. M : standard molecular marker.

this period. But protein concentration was not continually in-
creased for 48 hrs. Our study results showed that protein
concentration was slightly decreased, compared with that at
8 hrs after inoculation. This may be due to destruction of
protein by a variety of proteinase secreted by bacterial cells.
This postulation was also suggested by Lind ef al ' Thus,
when this toxin from culture supernatant was used in vac-
cine preparation or when alpha toxin was added to the vac-
cine by hemolytic units, because harvest after 48 hrs may
cause the destruction of alpha toxin by several proteinases.
it is thought that the optimal harvest time of alpha toxin pre-
paration will be at 18 hrs after inoculation. While, Op-
debeeck and Norcross™ had used alpha toxin in vaccine as

protein concentration at 48 hrs after inoculation. This earlier-

experiment disaggrees with results of my study.

One advantage of the procedure described here is that par-
tially purified alpha toxin can be obtained within 24 hrs by
starting with dialyzed ammonium sulfate precipitate of the
culture supernatant. Furthermore, the partially purified toxin
was stable for several weeks at 4T after the addition of am-
monium sulfate (65% saturation). Reportedly®, although use

of liquid nitrogen was not performed in this experiment, al-
pha toxin was stable for several months when alpha toxin
was rapidly frozen in liquid nitrogen and kept at -20T. A
partially purification method of alpha toxin of this study
was simpler than any other method. This purification method
was not time consuming and laborious efforts. However, the
confirmation step was necessarily needed when purified by
ammonium precipitation method.
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