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Cloning and expression of Clostridium perfringens type D vaccine strain
epsilon toxin gene in E. coli as a recombinant vaccine candidate
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ABSTRACT

Background and Objectives: Clostridium perfringens, a Gram-positive obligate anaerobic bacterium, is able to form resis-
tant spores which are widely distributed in the environment. C. perfringens is subdivided into five types A to E based on its
four major alpha, beta, epsilon and iota toxins. The aim of the present study was cloning and expression of C. perfringens
type D vaccine strain epsilon toxin gene.

Materials and Methods: Genomic DNA was extracted and the epsilon toxin gene was amplified using Pfi DNA poly-
merase. The PCR product was cloned into pJET1.2/blunt cloning vector. The recombinant vector (pJETe) was sequenced us-
ing universal primers. At the next step epsilon toxin gene was subcloned into pET22b(+) expression vector and transformed
into E. coli Rosetta (DE3) host strain.

Results: The recombinant protein has been expressed in E. coli Rosetta (DE3) cells after subcloning of C. perfringens etx
gene (1008 bp) into the expression vector.

Conclusion: We concluded that E. coli Rosetta strain was suitable for the expression of recombinant C. perfringens epsilon
toxin protein from pET22¢ expression vector. This recombinant cell can be used for further research on recombinant vaccine
development.
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INTRODUCTION known as Clostridium welchii, is a Gram-positive,
anaerobic, non-motile rod-shaped bacterium and is
able to form environmentally resistant spores (1).
This ubiquitous microorganism could be found in
a variety of habitats such as soil, water and lower

mammals and human intestine. The bacterium can

Clostridium perfringens, which was previously
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be found widely all over the world due to its genom-
ic variation. It produces numerous toxins which may
cause various diseases such as diarrhea, necrotizing
bowel disease and gas gangrene in humans as well as
diarrhea, necrotic enteritis and fatal enterotoxemia
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in animals. The bacterium produces 17 toxins from
which epsilon is the major one (2).

C. perfringens has a circular chromosome of ap-
proximately 3.6 Mbp with a low G+C content of
approximately 25% (3, 4). Its genome includes extra
chromosomal genetic elements in the form of plas-
mids and phages encoding mobile genes that vary in
size and composition (5, 6). C. perfringens is a mod-
el for genetic engineering studies due to its striking
physiological features (7) and several studies on the
cloning and expression of its toxin genes have been
reported.

Epsilon toxin is the third most potent clostridial
toxin after botulinum and tetanus neurotoxins (8) and
is active in a wide range of animal species and plays a
central role in enterotoxemia of sheep and lambs (9).
In 1992, epsilon toxin gene of C. perfringens type
D had been cloned and expressed in E. coli. Studies
have shown that the etx gene has 987bp and is lo-
cated between base nucleotide 188 (start codon) and
the stop codon at position 1174 (10). Type D epsilon
toxin gene of C. perfringens has been cloned and ex-
pressed and its N terminal 20 amino acids sequence
has been determined (11). The recombinant toxin
has been strongly recognized by anti-native epsilon
antibodies. The antibodies against this recombinant
toxin recognized the native epsilon toxin and neu-
tralized its action in mice models (12). The recombi-
nant type B and the native type D toxins have similar
molecular weights and isoelectric points and both of
them react with the specific monoclonal antibodies.
In 2010, efx gene was cloned and the potency of E.
coli expressed recombinant epsilon toxoid was eval-
uated through administration to the goats, sheep and
cattle. The results have shown adequate immuniza-
tion of ruminants against enterotoxemia (13).

Numerous items can modify the current manu-
facturing procedure of clostridial vaccines and their
efficiency but the biological process is often econom-
ically permanent. Industrial production and purifi-
cation of toxins produced by C. perfringens is very
difficult. Thus, heterologous expression systems are
good alternative tools for production of these toxins.
In the present study, expression of epsilon toxin in .
coli Rosetta(DE3) host strain has been reported.

MATERIALS AND METHODS

Bacterial strains and cultivation. C. perfrin-
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gens type D vaccine strain (CWD CN409), E. coli
TOPI10F’ and Rosetta (DE3) (14) strain were pur-
chased from Razi institute. C. perfringens type D
vaccine strain was cultured anaerobically in the liver
extract medium using anoxomat chambers (Mart®
microbiology, Netherlands) at 37 °C, pH 7.5 for 18
hours. Routine microbial control tests were done
to confirm the identity of bacterial isolates. E. coli
strains were cultured as previously described (15).

DNA extraction and gene amplification. Genom-
ic DNA was extracted by phenol-chloroform method
(16). Primers were designed for amplification of epsi-
lon toxin encoding gene from C. perfringens genom-
ic DNA. Complete nucleotide sequence of etx gene
was retrieved from the gene deposited in GenBank
under accession number HQ179546. etx gene was
amplified using Pfu DNA polymerase and specific
forward (5'-aatcatatgaaaaaaaatcttgtaaaaagt-3') and
reverse primers (5'-aatctcgagttttattcctggtgecttaat-3")
including Ndel and Xhol restriction sites, respective-

ly.

Cloning of efx gene. Linearized pJET1.2/blunt
vector was ligated with amplified efx gene in or-
der to develop the recombinant cloning vector,
pJETe. Screening of recombinant E. coli TOP10g
clones was done via colony PCR using universal
sequencing primers. The empty cloning vector was
used as the negative control of PCR. Identity of re-
combinant cloning vector, pJETe, was confirmed
thorough restriction digestion with Ndel and Xhol
enzymes (Fermentas). Sequencing analysis of the
purified recombinant vector was also performed
and BLAST and phylogenetic analysis was accom-
plished.

Subcloning of etx gene. The expression vector,
pET22b (+), was digested with Ndel and Xhol and
ligated with etx gene digested from the cloning vec-
tor. Screening of recombinant expression vector was
done via colony PCR of individual colonies. Empty
pET22b vector was used as negative control of PCR.
Sequencing of the expression vector was also per-
formed.

Expression of recombinant epsilon toxin. Re-
combinant E. coli cells were inoculated into LB
broth medium and incubated at 37 °C to reach 0.6-0.7
OD,,. Final 0.5 mM IPTG concentration was used
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to induce the expression of recombinant protein and
bacterial incubation was continued for 18 hours. To
optimize the expression of recombinant protein, dif-
ferent concentrations of IPTG (0.5, 1 and 1.5mM),
different incubation temperatures (25, 31 and 37 °C)
and times (3, 6 and 18 h.) were examined. Protein
expression was analyzed by SDS-PAGE.

Purification of epsilon protein. To purify the re-
combinant epsilon protein which had a C-terminal
His-tag, the bacterial pellet was re-suspended in ly-
sis buffer and the cells were lysed by sonication on
ice. The cell lysate was centrifuged at 13, 680(x g)
and the clarified supernatant was loaded on Ni-NTA
resin at the flow rate of 1 ml/min. The column was
washed with 5 volumes of washing buffer and finally
the protein was eluted by adding elution buffer (17).
The purified protein was analyzed using SDS-PAGE
and western blotting. The protein concentration was
measured using a standard procedure (18).

RESULTS

Cloning of etx gene. Genomic DNA of C. per-
fringens type D was extracted and used for PCR
amplification of efx gene (approximately 927 bp)
(Fig. 1). Colony PCR on TOP10¢ colonies contain-
ing the recombinant pJETe cloning vector using efx
forward and reverse primers confirmed the presence
of a 927 bp DNA fragment via 1% agarose gel elec-
trophoresis (Fig. 2). Identity confirmation was done
through restriction digestion with Ndel and Xhol

(Fig. 3).

Subcloning of ezx gene. Double digested efx gene
was purified using agarose gel extraction kit ac-
cording to the manufacturer and its sequence was
confirmed through sequencing. Subcloning of the
gene into pET22b (+) expression vector was done
and the recombinant vector was transformed into E.
coli Rosetta (DE3) strain. Screening of colonies was
performed via efx gene specific colony PCR and se-
quencing analysis.

Protein expression. IPTG induction of protein
expression was tested through SDS-PAGE analysis
showing the expression of recombinant protein 3 h
after induction (Fig. 4). Different concentrations of
IPTG had no significant effect on protein expression
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(Fig. 5). The effect of different temperatures and in-
cubation times, after IPTG induction, on protein ex-
pression was significant (Figs. 6 and 7).

3 kb

1 kb

Fig. 1. PCR amplification of C. perfringens type D epsilon
toxin gene. Lane 1:100 bpDNA ladder; Lane 2: epsilon toxin
gene.

Fig. 2. PCR on recombinant E. coli TOP10F’colonies con-
taining pJETe. Lanes 1-11: PCR products (927 bp); Lane
6:100 bpDNA ladder.
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Fig. 3. Restriction digestion of recombinant pJETe cloning
vector. Lanel: 100 bpDNA ladder; Lane 2: undigested vec-
tor; Lane 3: digested pJETe.

Fig. 4. SDS-PAGE analysis of epsilon toxin expression.
Lane 1: Protein molecular weight marker; Lane 2: Nega-
tive control (E. coli RosettaDE3 strain containing empty
pET22b+); Lane 3& 4: Recombinant E. coli strain before
and after 3 h induction; Arrow indicates the recombinant

epsilon toxin band.
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Fig. 5. Optimization of recombinant epsilon toxin expres-
sion by different IPTG concentrations. Lanel: Protein mo-
lecular weight marker; Lanes 2-4: Bacterial lysate 3h after
induction with 0.5, 0.1 and 1.5 mM IPTG at 37 °C; Lane 5:
Bacterial lysate before induction; Lane 6: Negative control
lysate (E. coli Rosetta containing empty pET22b+); Arrow
shows recombinant epsilon toxin band.
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Fig. 6. Different temperatures for the expression of recombi-
nant epsilon toxin. Lane 1: Protein molecular weight mark-
er; Lanes 2-4: Bacterial lysate at 25, 31 and 37 °C, 3 h after
induction with 0.5mM IPTG; Lane 5: Bacterial lysate before
induction; Lane 6: Negative control (E. coli Rosetta strain
containing empty pET22b+); Arrow shows recombinant ep-
silon toxin band.
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Fig. 7. Effect of time on expression of recombinant epsi-
lon toxin. Lanel; Protein molecular weight marker; Lanes
2-4: Bacterial lysate after 3, 6 and 18h after induction with
0.5 mM IPTG; Lane 5: Bacterial lysate before induction;
Lane6: Negative control (E. coli Rosetta containing empty
pET22b+).
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Purification of r-protein. The recombinant pro-
tein was purified through affinity chromatography
using Ni-NTA resin. Purified protein appeared as
an approximately 35 kDa protein on SDS-PAGE and
western blot using sheep primary and anti-sheep
HRP conjugated secondary antibody (Fig. 8).
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Fig. 8. Purification of recombinant epsilon toxin by Ni-NTA
resin and Western blotting analysis. (A) SDS-PAGE analysis
of purified protein; Lane 1: Protein molecular weight mark-
er; Lane 2: Bacterial lysate 3hours after induction; Lane 3:
Purified epsilon toxin; (B) Western blot analysis of purified
protein; Lane 4: Protein molecular weight marker; Lane 5:
Western blot of the purified recombinant epsilon toxin.

DISCUSSION

In spite of using traditional methods in production
of effective vaccines, large scale production of such
vaccines from different Clostridium species needs
high safety conditions and precise quality control
steps. Therefore, production of these candidate vac-
cines in a safe host is beneficial (19). Recombinant
DNA technology has enabled researchers to produce
vaccines for diseases which could not be treated using
the traditional methods such as infections caused by
C. perfringens species (19). C. perfringens is a potent
pathogen because of its ability to generate several tox-
ins. In this study pJET1.2 blunt vector was used due
to its advantages over the other available TA cloning
vectors. Blunt ends of this vector avoided self-ligat-
ed vector products (16, 17). In this study, the recom-
binant vector was used in DNA sequencing, protein
expression or gene expression functional analysis. In
a previous study, Souza and the colleagues cloned etx
gene in pET11a expression vector and expressed the
recombinant epsilon toxin as inclusion bodies which
were successfully used in animal immunization (12).
Toxicity of the fusion epsilon-beta gene of C. perfrin-
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gens types D and B revealed that toxigenesis of vac-
cine strains is one of the factors playing an important
role in the effectiveness of the designed vaccines (17).
This finding made us to select C. perfringens vaccine
strain (CWD CN409) for the present study.

In 2010, a vaccine candidate containing detoxified
recombinant epsilon toxin and aluminum hydroxide
as the adjuvant was developed and co-administered
with sheep pox vaccine to sheep and it was shown that
sheep were being protected against both sheep pox
and enterotoxemia (20).

In the present study, experimental optimizations re-
vealed that different concentrations of IPTG have no
obvious effect on the level of protein expression. Our
findings revealed that different temperatures and incu-
bation times had significant effects on the expression
of epsilon toxin protein as optimal thermal condition
was 37 °C and the highest yield of the recombinant
protein was achieved 6h after IPTG induction.

CONCLUSION

This study enabled us to express recombinant vac-
cine candidates indicating the possibility of prevention
of Clostridial diseases through manufacturing vaccine
candidates under safer conditions and lesser costs.

REFERENCES

1. Finsterer J, Hess B. Neuromuscular and central ner-
vous system manifestations of Clostridium perfringens
infections. Infection 2007; 35: 396-405.

2. Niilo L. Clostridium perfringens in animal disease: a
review of current knowledge. Can Vet J 1980; 21:141-
148.

3. Canard B, Saint-Joanis B, Cole ST. Genomic diversity
and organization of virulence genes in the pathogen-
ic anaerobe Clostridium perfringens. Mol Microbiol
1992; 6:1421-1429.

4. Casjens S. The diverse and dynamic structure of bacte-
rial genomes. Annu Rev Genet 1998; 32:339-377.

5. Briiggemann H. Genomics of clostridial pathogens:
implication of extrachromosomal elements in pathoge-
nicity. Curr Opin Microbiol 2005; 8:601-605.

6. Cavalcanti MTH, Porto T, Porto ALF, Brandi IV, Filho
JL, Junior AP. Large scale purification of Clostridium
perfringens toxins: a review. Braz J Pharm Sci 2004;
40:151-164.

7. Shimizu T, Ohtani K, Hirakawa H, Ohshima K, Ya-

http://ijm.tums.ac.ir



10.

11.

12.

13.

14.

http://ijm.tums.ac.ir

EXPRESSION OF EPSILON GENE AS A VACCINE CANDIDATE

mashita A, Shiba T, et al. Complete genome sequence
of Clostridium perfringens, an anaerobic flesh-eater.
Proc Natl Acad Sci USA 2002; 99:996-1001.

Alves GG, Machado de Avila RA, Chavez-Olortegui
CD, Lobato FC. Clostridium perfringens epsilon toxin:
the third most potent bacterial toxin known. Anaerobe
2014; 30:102-107.

Payne D, Oysten P (1997). The Clostridium perfrin-
gens epsilon toxin. In: The Clostridia: Molecular biol-
ogy and pathogenesis. Academic Press Limited, Lon-
don, UK.

Hunter SE, Clarck IN, Kelly DC, Titball RW. Cloning
and nucleotide sequencing of the Clostridium perfrin-
gens epsilon-toxin gene and its expression in Esche-
richia coli. Infect Immun 1992; 60: 102-110.

Goswami PP, Rupa P, Prihar NS, Garg LC. Molecular
cloning of Clostridium perfringens epsilon-toxin gene
and its high level expression in E. coli. Biochem Bio-
phys Res Commun 1996; 226:735-740.

Souza AM, Reis JK, Assis RA, Horta CC, Siqueira FF,
Facchin S, et al. Molecular cloning and expression of
epsilon toxin from Clostridium perfringens type D and
tests of animal immunization. Genet Mol Res 2010;
9:266-276.

Lobato FC, Limaa CG, Assis RA, Pires PS, Silva RO,
Salvarani FM, et al. Potency against enterotoxemia of
a recombinant Clostridium perfringens type D epsilon
toxoid in ruminants. Vaccine 2010; 28:6125-6127.
Kane JF. Effects of rare codon clusters on high-level

15.

16.

17.

18.

19.

20.

IRAN. J. MICROBIOL. Volume 8 Number 4 (August 2016) 226-231

expression of heterologous proteins in Escherichia
coli. Curr Opin Biotechnol 1995; 6:494-500.
Sambrook J, Russell D (2001). Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory
Press. New York.

Pilehchian Langroudi R, Aghaei Pour K, Shamsara M,
Jabbari AR, Habibi GR, Goudarzi H, et al. Fusion of
Clostridium perfringens type D and B epsilon and beta
toxin genes and it's cloning in E. coli. Arch Razi Inst
2011;66:1-10.

Pilehchian Langroudi R, Shamsara M, Aghaiypour K.
Expression of Clostridium perfringens epsilon-beta fu-
sion toxin gene in E. coli and its immunologic studies
in mouse. Vaccine 2013; 31:3295-3299.

Bradford M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 1976;
72:248-254.

Nijland R, Lindner C, van Hartskamp M, Hamoen L,
Kuipers OP. Heterologous production and secretion
of Clostridium perfringens P-toxoid in closelyrelated
Gram-positive hosts. J Biotechnol 2007; 127:361-372.
Chandran D, Naidu SS, Sugumar P, Rani GS, Vijayan
SP, Mathur D, et al. Development of a recombinant ep-
silon toxoid vaccine against enterotoxemia andits use
as a combination vaccine with live attenuated sheep
pox virus against enterotoxemia and sheep pox. Clin
Vaccine Immunol 2010; 17:1013-1016.

231



