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Background: Clostridium perfringens type C strains cause severe necrotizing enteritis in sheep,
calves, goats, pigs and humans. Beta-toxin is introduced to be the essential virulence factor of
this microorganism. In the present study, a new method was established for the purification of
beta toxin from culture supernatant fluid of C. perfringens type C vaccinal strain.

Methods: The four steps of the purification scheme involved ammonium sulfate precipitation,
cation exchange chromatography (CM- Sepharose), anoion exchange chromatography (DEAE-
Cellulose) and gel filtration (Sephadex G-100).

Results: Beta toxin was purified about 78-fold from the Sephadex G-100 column with a yield of
about 16.7% in terms of lethality of the toxin. The molecular weight of the beta toxin as
determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis was approximately 37
KD. The LD50 for adult mice was 2.21 pg/kg. Human umbilical vein endothelial cells (HUVEC)
exposed to CPB showed a cell border retraction, cytoplasmic blebbing, cell shrinkage and cell
rounding. The toxin was heat labile and was inactivated by trypsin.

Conclusions: In conclusion, the results of this study showed the new protocol is suitable for
purification of beta toxin of C. perfringens type C regarding good purity, good yields and high
activity of beta toxin.
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Introduction

Clostridium perfringens type C is a gram positive,
anaerobic, spore-forming pathogen of most mammalian
species (1, 2). C. perfringens type C strains causes necrotic
enteritis in sheep, cattle, pigs, goats and chickens. This
disease most frequently occurs in the young animals of
these species (2, 3). Beta toxin is secreted by C.
perfringens type C strains and plays a key role in the lethal
outcome of type C strains infections. Beta toxin plays an
important role in the early stages of C. perfringens type C
enteritis in pigs (4). However, this microorganism can
produce other toxins, such as alpha toxin, beta2-toxin,
enterotoxin, perfringolysin and TpeL (2, 5). Beta toxin is
pore-forming toxin which generates potential-dependent,
cation-selective channels in membranes of susceptible cells
(6). The importance of beta toxin in the pathogenesis of C.
perfringens type C disease has been documented and
several investigators have established the purification
method of this toxin (7, 8, 9). Purified beta toxin also is
necessary to control quality of commercial enterotoxemia
vaccine for doing potency test. This toxin also is urgent for
diagnosis of enterotoxemia disease in the field. ELISA test
is one of the most important diagnostic tests that need
purified beta toxin. Up to our knowledge, this study is the
first study about purification and characterization of beta-
toxin from C. perfringens type C vaccinal strain in Iran. In
this study, we introduced a new simplified and economical
method for purification of beta toxin that represents a
significant improvement over the other procedures used in
other laboratories. In the present study some
characteristics of purified beta toxin were determined.

Material and method

Bacterial cultivation

Clostridium perfringens type C vaccinal strain (CN 301)
was used to purify beta-toxin. The bacterial culture media
used throughout the present study included casein
hydrolysate (3%), chopped meat (0.8%), yeast extract
(0.4%), Nacl (0.25%), glucose (1%), cysteine
hydrochloride (0.02%) (Sigma).

Purification of beta-toxin

Following culture of microorganism, 1 liter of culture
supernatant was centrifuged at 10,000 g for 30 min.
Proteins in the culture supernatant were precipitated using
50% ammonium sulfate, with constant stirring, at 4°C for 1
h. The precipitate was then collected by centrifugation at
8,000 g for 45 min. The pellet resulting from the 50%
saturation ammonium sulfate cut was re-suspended in 30
ml of 20 mM Tris-HCI buffer (pH 6) and dialyzed
overnight against the same buffer with several changes at
4°C. After
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The dialyzed solution was again centrifuged at 8,000 g for
50 min, the supernatant was filtered through a 0.45-um-pore
size filter (EMD Millipore, USA) and loaded onto a CM-
Sepharose column (Sigma-Aldrich, USA). This column was
pre-equilibrated with 20 mM Tris-HCI buffer (pH 6) After
loading of the sample, the CM- sepharose column was
washed with 200 ml of 20 mM Tris-HCI buffer (pH 6) and
unbound CPB and different anionic proteins were then
eluted from the column. Fractions containing the CPB were
pooled and dialyzed with ice-cold 20 mM Tris-HCI buffer
(pH 7.5) at 4°C overnight. Pooled fractions were then
loaded on to a DEAE-Cellulose column (Sigma-Aldrich).
The DEAE-Cellulose column was washed with 300 ml of
20 mM Tris-HCI buffer (pH 7.5), and bound CPB was then
eluted from the column using a gradient of NaCl (0 to500
mM) in 20mM Tris-HCI buffer (pH 7.5). Fractions
containing the CPB from DEAE-cellulose column were
pooled and dialyzed with 10 mM Tris-HCI buffer (pH 7.5)
at 4°C overnight. Pooled fractions were then loaded on a
Sephadex G-100 column (2 by 100 cm), previously
equilibrated with 10 mM Tris-HCI buffer (pH 7.5). Elution
of the column was done with the same buffer and five-
milliliter fractions were collected.

Lethality assay

The minimum lethal dose (MLD) was determined by
intravenously injecting mice (18-20 g) with 0.5 mL of serial
dilutions of test samples and monitoring the mice over 72 h
for lethality. Doses of beta-toxin were between 0.5 to 5 pg
per mouse. Two mice were used for each dose of toxin.

Purity and molecular mass determination of the CPB toxin
preparation and western blot

The purity and molecular mass of the beta toxin was
analyzed using SDS-PAGE. An SDS-12% polyacrylamide
gel was prepared. Following SDS-PAGE, the proteins were
electroblotted and transferred from a gel to nitrocellulose
membrane. The membrane was then probed using a
monoclonal anti-CPB antibody.

Determination of protein concentration

The protein concentration of concentrated crude culture
supernatant and target fractions containing beta toxin
following purification steps was determined by the method
of Lowry et al using bovine serum albumin (BSA) as the
standard (10).
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LD50 determination

Adult male mice (approximately 20 g) were used to
determine the 50% lethal dose (LD50) For the beta toxin.
The mice were injected intraperitoneally with 0.1 ml of
various toxin dilutions and then monitored for 24 h. The
time of death was recorded for each animal. Eight mice
were used in each group. The LD50 was calculated based
on the method of Reed and Muench (11).

Cell culture

HUVEC (human umbilical vein endothelial cells) cell
lines were obtained from the National Cell Bank of Iran
(NCBI). The cells were cultured in DMEM containing 10%
FBS, 2 mM glutamine, antibiotics (penicillin G, 60 mg/L;
streptomycin, 100 mg/L; amphotericin B, 50 ulL/L) and
were maintained at 37C in a humidified atmosphere
containing 5% CO.

Microscopy Examination

For light microscopic study, HUVEC cell lines were
grown on 24-well plates and incubated with CPB for
different time intervals at 37°C in 5% CO2 incubator.
Treated cells and untreated control cells were examined in a
phase-contrast microscope and photographed.

Indirect enzyme-linked immunosorbent assay (ELISA)

To determine immunogenicity of beta toxin, the presence
of CPB was determined by indirect ELISA. A commercial
kit (Cypress diagnostics, Belgium) was used according to
the instructions of the manufacturer. The purified CPB
sample was diluted into dilution buffer and used to coat the
wells of polystyrene plates (100 pl/well). The plate was
incubated overnight at room temperature (18-24°C) for 1 hr
and then washed two times with washing solution. Then
100 pl of the conjugate solution was added to each well and
incubated at room temperature for 1 hr and washed two
times with washing solution after which 100 pl of the
chromogen solution was added to each well on the plate
and incubated 10 minutes at room temperature away from
light. Then, 50 pl of stop solution was added to each
microwell. Finally, the optical densities in the microwell
were read using a plate reader and a 450 nm filter.
Comparing the OD of the samples with the OD of positive
control.
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Effects of temperature and pH

Purified beta toxin was stored at -20, 4, 20, 30, 37, 40,
50, 60, 70, 80 and 100 °C at different time interval (5, 30,
60, 120 min). Samples were examined for loss of
cytotoxicity and lethality. Purified beta toxin was diluted in
the following different pH buffers and incubated for 3 hr at
room temperature and then examined for loss of cytotoxic
and lethal activities: 0.02 M glycine hydrochloride (pH
2.0), 0.02 M acetate (pH 4.0), 0.02 M Tris hydrochloride
(pH 6), 0.02 M Tris base (pH 8) and 0.02 M Tris base (pH
10.0).

Result
Purification of beta toxin

The purification of beta toxin produced by C. perfringens
type C was followed by a mouse lethality assay. Only the
unbound fraction from the first cation exchange column
(CM-Sepharose) showed detectable lethal activity. This
showed that the beta toxin was an acidic protein since it did
not bind to this column at pH 6. The isoelectric point of
beta toxin was later confirmed to approximately 5.5.
Analysis of target fraction by SDS-PAGE showed more
than 60% contaminating proteins was bound to the column,
whereas beta toxin passed through without binding due to
its acidic isoelectric point. Thus, a considerable amount of
the contaminating proteins were eliminated, which may
have removed a potential endogenous inhibitor of the beta-
toxin. This step resulted in a 3.7-fold purification with a
specific activity 400 MLD/mg. At the second step of
purification, fractions from the DEAE-cellulose column
was eluted 100 mM NaCl and exhibited toxic activity. Beta
toxin was detected throughout the purification steps by
SDS-PAGE. This step resulted in a 41.5-fold purification
with a specific activity 4444.5 MLD/mg. At the third step,
proteins were separated in two peaks. Pure beta toxin was
detected in 55 to 72 fractions in the second peak. This step
resulted in a 77.8-fold purification with a specific activity
8333.3 MLD/mg (Table 1). LD 50 of beta toxin was also
determined approximately 2.21 pg/kg in mice.
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Table 1. Summary of purification of beta toxin from Clostridium perfringens type C

Specific
Step Activity Protein (mg) Purification (fold) activity Yield (%)
(MLD) (MLD/mg)
Ammonium
Sulfate 6 x 10° 56 - 107.1 -
precipitation
CM-Sepharose 4x10° 10 3.7 400 66.6%
DEAE-Cellulose 2x10° 0.45 415 44445 33.3%
Sephadex-G100 1x10° 0.12 77.8 8333.3 16.7%
Characterization of beta toxin
M 1 2
The preparation of beta toxin which eluted from 1125 :
sephadex-G100 column displayed one major band in '
SDS-PAGE. The major band had an estimated native 66
molecular weight of 37000 D (Fig. 1). Immunoblot was
also done for identification of beta toxin in the crude
culture filtrate and purified beta toxin fraction. .

Monoclonal antibody
concentrated crude culture filtrate and target fraction

from sephadex-G100 step (Fig. 2). An indirect ELISA
procedure was performed to study the reaction of beta

toxin antibody and beta toxin. The response observed

with monoclonal antibody as the detecting antibody
showed target sample is positive when compared with

positive control.

45

35

25

reacted with beta toxin in

Figure 1. SDS-PAGE of beta toxin purified from C.
perfringens type C. Lane M, molecular weight marker;
lane C, concentrated crude culture supernatant; lane T,
purified beta toxin fraction after purification step 3. The
arrow indicates the purified beta toxin.
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Figure 2. Western blotting of beta toxin. Lane M,
molecular weight marker; lane 1, concentrated
crude culture supernatant. Lane 2, purified beta
toxin fraction after third step purification. The arrow
indicates the purified beta toxin.

Morphological effects CPB on HUVEC

HUVEC showed morphological changes when they were
exposed to CPB (100 ng/ml). After 1 h of exposure to CPB
(100 ng/ml) the cells showed marked cell border retraction,
cytoplasmic blebbing, cell shrinkage and cell rounding.
Following these morphological changes, there was a
decrease in the number of attached cells and cell remnants
in suspension. Higher concentrations of CPB (200 to 900
ng/ml ) also induced the same effects at shorter times (10 to
50 min; data not shown). These alterations were not

observed in non-treated control cells (Figure 3).
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Figure 3. Representative images of human umbilical
vascular endothelial cells (HUVEC). A. Normal
HUVEC. Images B and C show the induced
morphological alterations following treatment with
the beta toxin (100 ng/kg) for 30 and 60 min at 37°C,
respectively.

Thermal and PH stability of beta toxin

Purified beta toxin was thermolabile. Biological activity
of beta toxin was retained up to 30 ° C. Activity was
decreased between 30° C to 60" C. Finally, lethal activity of
beta toxin completely inactivated at 60° C for 1 hour
incubation. Beta toxin activity was also decreased at PH 2
and 3. Loss of biological activity of beta toxin was
completely observed following treatment with trypsin and
pepsin.

Discussion

Clostridium perfringens type C causes enterotoxemias in
almost all livestock species and enteritis necroticans in
humans which is clinically characterized by severe bloody
diarrhea and abdominal pain (5). It is evident that C.
perfringens type C beta toxin (CPB) is most important and
sufficient to induce type C pathologic effects in ileal loop
of rabbit (12) Beta toxin and enterotoxin have potential
synergistic toxin interactions during C. perfringens
intestinal infections in some human enteritis necroticans
cases (13). Several studies also have proven lethal activity
of CPB in mice (14, 15). In the present study here, we
purified beta toxin by cation exchange chromatography
(CM-Sepharose), anion exchange chromatography (DEAE-
Cellulose) and gel filtration (Sephadex-G100). Following
this purification experiment, the CPB purification factor,
approximately 77.8 was achieved, and this was an increase
of approximately 5-fold compared with previous
purification strategy (8). This protocol was simple,
economic and fast in comparison with previous strategies
for purification of CPB. Shatursky et al purified beta toxin
of C. perfringens by column of glutathione Sepharose
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following complex sample preparation (15). However, this
protocol is more expensive than our protocol. In another
study beta toxin of C. perfringens type C was purified by
ammonium  sulfate precipitation and DEAE-CL6B
Sepharose column (16). This method was also more
complex and expensive than our protocol. Previously
investigations have reported that molecular weight of beta
toxin produced by C. perfringens type C was between 30
and 40 KD (7, 8, 15, 16). Our observed molecular weight
for purified beta toxin was approximately 37 KD and is
similar to previous findings. In the present study, LD50 of
purified beta toxin was determined 2.21 pg/kg for mice.
LD50 of CPB was previously reported 1.87 pg/kg for mice
7) and lethal amount of CPB was <400 ng/kg for mice (8,
Thermal stability studies of CPB demonstrated that CPB is
heat labile. In our study, biological activity of CPB was
retained up to 30°C. The activity was decreased between
30°C to 60°C. Finally, lethal activity of beta toxin was
completely inactivated at 60°C for 1 hr incubation. Previous
investigations demonstrated that 90% of lethal activity of
CPB was decreased following incubation for one hr at 50°C
or 10 min at 100°C. However, our results are compatible
with previous studies results (7). The pH stability
investigations showed that this toxin has no sensitivity to
pH changes. In contrast, in our study, lethal activity of CPB
was dramatically decreased following incubation with low
pH buffers for 1 h. Biological activity of CPB was also
inactivated following pepsin and trypsin treatment.
Previous investigators have shown sensitivity of CPB to
trypsin and pepsin (9, 15). In the studies on the beta toxin
of C. perfringens type C, investigators have reported
cytotoxic effects of this toxin for HUVEC, HL60, Intestinal
407 and porcine endothelial cells. In the present study, we
observed cytotoxic effects of beta toxin including cell
shrinkage, retraction of the cell borders and vacuolization
on HUVEC cells (6, 17, 18).

Conclusion

Our findings showed good yields and good purity of beta
toxin can be prepared relatively using this simplified and
economic protocol.

Acknowledgments

The authors would like to thank Dr Reza Pilehchian
Langroudi and Dr Mohsen Mousavi for kind scientific
cooperation in this work and staff of department of
Anaerobic Bacterial Vaccine Research & Production of
Razi Vaccine and Serum Research Institute for kind
cooperation.

Conflict of interest

None declared conflicts of interest.

Vol. 3, No. 3, 4(2014): pp.8-13 jmb.tums.ac.ir



A new purification method for beta-zoxin ...

10.

11.

12.

13.

14.

J Med Bacteriol.

References

Songer JG. Clostridial enteric diseases of
domestic animals. Clin Microbio Rev 1996;
9:216-234.

Uzal FA, Vidal JE, McClane BA, et al
Clostridium Perfringens Toxins Involved in
Mammalian Veterinary Diseases The Open
Toxinology Journal 2010; 3, 24-42.

Songer JG. Clostridial diseases of small
ruminants. Vet Res 1998; 29: 219-32.
Schumacher VL, Martel A, Pasmans F, et al.
Endothelial binding of beta toxin to small
intestinal mucosal endothelial cells in early
stages of experimentally induced Clostridium
perfringens type C enteritis in pigs. Vet Pathol
2013; 50:626-9.

Uzal FA. Diagnosis of Clostridium perfringens
intestinal infections in sheep and goats.
Anaerobe 2004; 10:135-143.

Steinthorsdottir V, Halldorsson H, Andresson
OS. Clostridium perfringens beta-toxin forms
multimeric transmembrane pores in human
endothelial cells. Microb Pathog 2000; 28:45-
50.

Sakurai J, Duncan CL. Some properties of beta-
toxin produced by Clostridium perfringens type
C. Infect Immun 1978; 21: 678-80.

Worthington RW, Mulders MSG. The partial
purification of Clostridium perfringens beta
toxin. Onderstepoort J Vet Res 1975; 42, 91-98.
Uzal FA, Saputo J, Sayeed S, et al.
Development and application of new mouse
models to study the pathogenesis of Clostridium
perfringens type C enterotoxemias. Infect
Immun 2009; 77: 5291-9.

Lowry OH, Rosenbrough NJ, Farr AL et al.
Protein measurement with the Folin phenol
reagent. J Biol Chem 1951; 194: 265-275.

Reed LJ, Muench H. A simple method of
estimating fifty percent endpoints. Am J Hyg
1938; 27:493-497.

Sayeed S, Uzal FA, Fisher DJ, et al. Beta toxin
is essential for the intestinal virulence of
Clostridium perfringens type C disease isolate
CN3685 in a rabbit ileal loop model. Mol
Microbiol 2008; 67:15-30.

Ma M, Gurjar A, Theoret JR, et al. Synergistic
effects of Clostridium perfringens enterotoxin
and beta toxin in rabbit small intestinal loops.
Infect Immun 2014; 82:2958-70.

Fisher DJ, Fernandez-Miyakawa ME, Sayeed S,
et al. Dissecting the contributions of Clostridium
perfringens type C toxins to lethality in the
mouse intravenous injection model. Infect
Immun 2006; 74: 5200-10.

Vol. 3, No. 3, 4(2014): pp.8-13

15.

16.

17.

18.

jmb.tums.ac.ir

Zayerzadeh E et al

Shatursky O, Bayles R, Rogers M, et al.
Clostridium  perfringens  beta-toxin ~ forms
potential-dependent, cation-selective channels in
lipid bilayers. Infect Immun 2000; 68: 5546-51.
Vidal JE, McClane BA, J. Saputo J, et al.
Effects of Clostridium perfringens beta-toxin on
the rabbit small intestine and colon. Infect
Immun 2008; 76:4396-4404.

Gurtner C, Popescu F, Wyder M, et al. Rapid
Cytopathic Effects of Clostridium perfringens
Beta-Toxin on Porcine Endothelial Cells. Infect
Immun 2010; 2966-2973.

Nagahama MS, Hayashi S, Morimitsu J, et al.
Biological activities and pore formation of
Clostridium perfringens beta toxin in HL 60
cells. J Biol Chem 2003; 278:36934-36941.


http://www.ncbi.nlm.nih.gov/pubmed?term=Ma%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24778117
http://www.ncbi.nlm.nih.gov/pubmed?term=Gurjar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24778117
http://www.ncbi.nlm.nih.gov/pubmed?term=Theoret%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=24778117
http://www.ncbi.nlm.nih.gov/pubmed/24778117

