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Abstract

Epsilon toxin (Etx) belongs to family of pore-forming toxin and is produced by Clostridium perfringens type D. The Etx toxin
is responsible for the pathogenesis of enterotoxaemia in sheep and goats, and occasionally in other livestock animals. The
present study aimed to develop a Clostridium perfringens epsilon toxin-based chimeric epitope construct having immuno-
dominant B-cell epitope and universal T-cell epitope and its immunogenicity was evaluated in mice and rabbit. An artificial
chimeric epitope construct (CEC) was prepared by joining tandem repeats of a peptide containing amino acids (aa) 134-145
of epsilon toxin B-cell epitope and universal T-cell epitopes. The CEC was expressed in the Escherichia coli following codon
optimization for efficient translational efficiency and purified by affinity chromatography. The antigenic reactivity of r-CEC
proteins was confirmed by western blot with rabbit anti-r-Etox hyperimmune sera. The immunogenicity of the recombinant
single CEC was examined in mice and rabbit by indirect ELISA. It was found that r-CEC yielded high titers of neutralizing
antibodies (> 1.035 IU/ml) in immunized mice and rabbit. The potency of chimeric protein immunized serum was observed
to be higher than the recommended level (0.1-0.3 IU/ml) for protection in sheep and goats. This indicated the potential
ability of the chimeric protein as a vaccine candidate. This further requires studying the immune response in targeted host
species (sheep and goat).
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Introduction

Sheep and goat farming has an important role in secur-
ing livelihood for small farmers, especially in arid and
semi-arid region. It helps in providing a regular source
of income when agriculture fails; due to climatic or any
other reason (Gupta et al. 2011). Enterotoxemia (pulpy
kidney disease) due to Clostridium perfringens has been
reported to cause a devastating impact on small ruminant
farming (Singh and Prasad 2008) and the type D epsilon
toxin produced by the C. perfringens plays a vital role
in pathogenesis of the disease (Souza et al. 2010). Etx is
produced as an inactive prototoxin in the gastrointestinal
tract of animals and transforms into very potent toxin upon
proteolytic cleavage of 13 N-terminal residues and the 29
C-terminal amino acids (Popoff 2011).

Feeding management and herd vaccination are the only
ways for disease prevention since treatment is of limited
value if any, considering the acute nature of the disease
(Veschi et al. 2006; Metre 2010). The acceptance of the
conventional vaccines based on inactivated whole-cell
bacteroid or heat-inactivated culture supernatants for
herd health program has largely been limited because of
local inflammatory reactions, nonspecific and uncontrolled
immune response and short-term immunity in vaccinated
animals (Chandran et al. 2010). The adjuvanted toxoid
vaccine preparation needs stringent quality control checks
for residual toxicity in various batches of vaccines regu-
larly (Lobato et al. 2010).

Recombinant DNA technology-based new generation
vaccines have a certain advantage over conventional vac-
cines (Alarcon et al. 1999). Production of recombinant
epsilon toxin in Escherichia coli is advantageous, because
it does not require strict anaerobic conditions and there is
direct utilization of insoluble fraction of the recombinant
toxin, thus reducing the production cost by avoiding pro-
tein purification and concentration processes (Lobato et al.
2010). The main disadvantage of recombinant toxoid vac-
cine over the conventional vaccines is that the expressed
fragment or recombinant toxin still possesses the toxic
property and hence require inactivation by formalin treat-
ment. Epsilon toxin (Etx) is known to be one of the most
potent biological toxins and has been included in the Cent-
ers for Disease Control and Prevention (CDC) category
B biological agent. The potential hazards while handling
the toxin during the manufacture of the toxoid vaccine
as well as the biosecurity threat emanating from its mis-
use are grave challenges of concern (Berger et al. 2016).
Recent knowledge about the crystal structure of toxin has
paved the way for the development of new generation safer
vaccines by rational modifications of protein. The result-
ing modifications will abolish the toxicity; however, the
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immunological identity of the toxin will be conserved.
This, in turn, could eliminate the need for toxoidation and
safety concerns (Stiles et al. 2013).

Immunity to a single (conformational) epitope on the
toxin is sufficient to protect against purified epsilon toxin
and infection with C. perfringens type B and D (Stiles et al.
2013). The epsilon toxin epitope recognized by the pro-
tective monoclonal antibody has been mapped and found
to overlap the putative membrane inserting loop (Percival
et al. 1990). Vaccines based on protective and neutralizing
epitopes are safer in handling; easy to produce by recombi-
nant technologies and significantly reduce the vaccine-asso-
ciated adverse reactions (McClane 2010; Cao et al. 2013).
Minigene epitope-based vaccines have been used success-
fully against viral, bacterial, and parasitic pathogens with
various degrees of success (Chan et al. 2000; Dong et al.
2002; Zhang et al.2009; Liu et al. 2006; Shao et al. 2011;
Kaushik et al. 2013; Bhatia et al. 2014).

In the present study, a chimeric epitope construct (CEC)
was designed by fusion of immunodominant B-cell and uni-
versal T-cell epitope gene of C. perfringens type D epsilon
toxin. After the expression of CEC and purification of the
chimeric protein, the humoral immune response of chimeric
protein was evaluated in mice and rabbit models. The poten-
tial ability of hyperimmunized sera to neutralize epsilon
toxin was evaluated by indirect ELISA.

Materials and methods
Designing of chimeric epitope construct (CEC)

The B-cell antigenic epitope (SFANTNTNTNSK), which
corresponds to amino acids 134-145 of epsilon toxin,
was chosen for the preparation of CEC (McClane 2010).
In silico analysis of the predicted binding motifs and the
antigenic intrinsic properties of the selected epitope were
done using peptide prediction programs DNASTAR (USA).
The CEC was designed by sequential linking of the tandem
repeats containing three copies of an epsilon toxin B-cell
epitope and universal T-cell epitope, joined together by
immunoglobulin hinge region and separated by a linker
sequence. The schematic illustration of CEC encoding a
polypeptide of 125 amino acid residues is shown in Fig. 1.
The constructed amino acid sequence was reverse trans-
lated into nucleotide sequence followed by codon optimi-
zation for the efficient heterologous expression in E. coli
(Maloy 1996). Gensmart™™ codon optimization (Genscript,
USA) was used to select high—frequency codon, specific
for E. coli (Fig. 2). The CEC was custom synthesized by
GenScript (USA) gene synthesis service and cloned in
pUC-57-kan vector. The presence of insert sequence in
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Etx B cell epitope SFANTNTNTNSK

Linker sequence GGGGSS

IgG heavy chain Hinge region  GTCPPCPAP
sequence (Homo sapience)
Universal T-cell epitope -1 QYIKANSKFIGITEL

Universal T-cell epitope 2 FNNFTVSFWLRVPKVSASHLE

Fig.1 Design and construction of the chimeric epitope construct spacer between each epitope. CEC was cloned into the pRham-N-His
(CEC). The CEC was constructed from tandem repeats of three SUMO-Kan vector to express the recombinant protein in E. coli 10G
B-cell epitopes and universal T-cell epitopes each, linked by IgG competent cells

heavy chain hinge region. Glycine and serine linker is used as a

Fig.2 Reverse translation and
codon optimization of a CEC
gene in schematic view. GC
content of the CEC construct
sequence after adaption was

ccatggatgagctttgcgaacaccaacaccaacaccaacagcaaaggeggeggeggeageageagettt
S F ANTN T NT N S F

gcgaacaccaacaccaacaccaacagcaaaggeggeggeggcageageagetttgegaacaccaac

evaluated to be 56.34% =
ANTNT NT N S F ANTN
accaacaccaacagcaaaggcacctgeccgecgtgeccggegecgcagtatattaaagegaacagceaaa
tttattggcattaccgaactggccggeggeggcagcagctttaacaactttaccgtgagcettttggcetgege
FG I TE L A FNNFT VS FWLR
gtgccgaaagtgagegegagecatctggaaggeggeggeggrageagecagtatattaaagegaacag
VORT R VIS A S TH L E 5 =

Q YI K AN

caaatttattggcattaccgaactggccg
S K PG 1T E L A

the vector was confirmed by double-restriction endonu-  pUCS57 containing synthetic construct using the M13F and

clease digestion of purified plasmid using Ncol and Xhol =~ M13R primers targeting the flanking site of the multiple
(Fermentas) and was verified by gene sequencing of the  cloning sequences.
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Expression of chimeric epitope construct (CEC)
PCR amplification and Purification of CEC

The chimeric epitope gene was PCR amplified using the
primer pair (pRham-SUMO-syngene-For-5 ‘CGCGAACAG
ATTGGAGGTACGGGCCCCACCCCATGGATG3' and
Rev 5 ‘GTGGCGGCCGCTCTATTATTAA CGAGCATCT
AGATGGGC3' targeting the flanking region of the chimeric
gene region present in pUCS7 vector sequence. The ampli-
fication reaction was performed in 25 pl volume contain-
ing 0.2 mM of dNTPs (Fermentas), 25 pmol of each primer
(GCC Biotech, India), 1 unit of Pfu polymerase (Fermentas)
and 1 pl of the recombinant pUC57 plasmid. The PCR pro-
gram was performed for 30 cycles with denaturation (94 °C
for 30 s), annealing (68 °C for 45 s) and extension (72 °C
for 3 min) in an automated DNA thermal cycler (Eppendorf
Mastercycler®, USA). The PCR products were analyzed
by 1.5% agarose gel electrophoresis and the gel was eluted
using Gel Extraction Kit (Qiagen, USA).

Construction of expression plasmid

Cloning and transformation were performed by Expresso
Rhamnose Cloning and Expression System (Lucigen, USA)
as per manufacturer’s protocol. Briefly, E. coli 10G compe-
tent cells were thawed on the ice for 10 min and transferred
into a pre-cooled 15 ml centrifuge tube. About 2 ul (200 ng)
of the purified PCR product was added to the 2 ul (25 ng)
of pRham-N-His SUMO-Kan Vector DNA and mixed gen-
tly. The tube containing the mixture of cells and DNA was
incubated on ice for 30 min, followed by heat shock at 42°C
for 45 s. After incubation on ice for 2 min, 960 pl of the
recovery medium was added. The cells were incubated at
37 °C in a shaking incubator for 2 h and plated on the LB
agar containing Kanamycin (Hi-media) to the final concen-
tration of 30 ug/ml of agar.

Expression and purification of chimeric protein

The recombinant chimeric protein was affinity-purified in
large scale as described elsewhere. The purity of the affinity-
purified chimeric protein was analyzed by the SDS-PAGE
analysis. The refolding of denatured protein was carried
out following the standard protocol (Kashyap and Bhavesh
2013). The concentration of the dialyzed chimera protein
was quantified by Bradford assay.

Western blot analysis
The immunoreactivity of purified protein was confirmed

by western blot analysis. The duplicate samples of the full-
length recombinant epsilon toxoid (r-Etox) and chimeric
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protein (r-CEC) were run on SDS-PAGE. The protein frac-
tions in the SDS-PAGE gel were transferred electrophoreti-
cally onto a nitrocellulose membrane (MDI) using semi-dry
western blotting apparatus (ATTO, Japan) following standard
protocol with minor modifications (Coligan 2002) One half
of the membrane was probed by anti-r-Etox hyperimmune
sera raised in rabbit, while the other half was probed with
anti-r-CEC protein in mouse. The membranes were treated
with anti-rabbit and anti-mouse HRPO conjugated antibodies
(Santa Cruz Biotechnology), respectively, before developing
by the 4-chloro-1-naphthol substrate (Sigma-Aldrich Co.).

Animal vaccination and sample collection

Six-to-eight-weeks-old female Swiss albino mice, weigh-
ing not less than 18-20 g were obtained from Laboratory
Animal Resource (LAR) Section, ICAR-Indian Veteri-
nary Research Institute, Izatnagar, Bareilly, Uttar Pradesh,
India. The animals were provided laboratory rodent diet
and water ad libitum. The experiments were conducted
following the ethical guidelines of the Indian Council of
agricultural research, India. Ethical approval was obtained
by the Institutional Animal Ethics Committee of Indian
Veterinary Research Institute, [zatnagar, Bareilly, (vide
approval no. F.1-53/2012-13/JD-R). The chimeric protein
was diluted in phosphate-buffered saline (PBS) and adju-
vanted with aluminum hydroxide gel adjuvant (0.8% final
volume). To ascertain, dose-dependent immune response,
mice were divided into four groups—I, II, III, and IV (n=6
mice per group). Groups II, III, and IV received 25, 50 and
75 pg of chimeric protein, respectively, through intramus-
cular injection of hind-leg quadriceps in two doses at the
biweekly interval. The animals of group I (control group)
were inoculated with PBS. Mice were bled by retro-orbital
venipuncture at the day of immunization for the collection
of pre-immune sera and weekly intervals up to nine weeks
post-immunization. Pooled serum samples were stored at
— 20 °C for further assays.

Evaluation of immune response by indirect
enzyme-linked immunosorbent assay

The immune response against chimeric protein was deter-
mined using indirect ELISA. Briefly, 96-well flat-bottom
Immuno plates (Nunc) were coated with 0.1 pg/well of puri-
fied recombinant epsilon toxoid (r-Etox) in 100 pl coating
buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6) and
incubated at 4 °C overnight. The plates were washed with
washing buffer (0.05% Tween 20 in PBS) five times and non-
specific binding sites were blocked with 200 ul PBS (pH 7.4)
containing 5% skimmed milk at 37 °C for 1 h. Then after
washing, 100 ul of 1:100 dilutions of mice sera samples in
PBS (pH 7.4) containing 0.05% Tween 20 and 1% BSA was
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added, incubated at 37 °C for 1 h. After that, the washing
step was repeated, then 100 pl/well of 1:5000 dilution of
goat anti-mouse HRPO conjugated IgG (Santa Cruz Bio-
technology) was added and incubated at 37 °C for 1 h. After
washing, the bound antibodies were detected after incuba-
tion with 100 pl of 3 mM orthophenylene di-amine substrate
system (Sigma-Aldrich Co.) for 15 min. The color reaction
was terminated by adding 100 ul 3 N H,SO, and the absorb-
ance values were obtained using a microplate reader (Biorad,
USA) at 492 nm. Serum antibody concentration titers among
different groups at different time intervals were compared
and analyzed using suitable statistical methods.

Evaluation of epsilon toxin neutralization potential
of chimeric protein

Epsilon toxin neutralization potential of chimeric protein was
evaluated by indirect ELISA following the Veterinary Bio-
logical Testing Protocol of the United States Department of
Agriculture Center (SAM 217.05). Briefly, Healthy New Zea-
land white rabbits (n=6) were inoculated subcutaneously with
200 pg chimeric protein antigen in PBS + aluminum hydroxide
gel adjuvant (0.8% final volume) and bled Sive weeks later.
Equal portions of serum, not less than 0.2 ml, from each rab-
bit were pooled and stored at — 70 °C. The serum was assayed
for antitoxin antibodies content by indirect ELISA. Recom-
binant epsilon toxoid (0.1 g) was coated in all the wells of a
96-well microtiter plate. Clostridia rabbit (multicomponent)
antiserum BRP batch 1 by the European Directorate for the
Quality of Medicines (EDQM) was used as a reference posi-
tive serum while pre-immune rabbit serum served as the nega-
tive control. Incremental dilutions of all sera (positive control,
negative control, and test serum pool) in skim milk diluents
were prepared. These dilutions were used to create a standard
response curve against which the test sera were compared. A
linear regression analysis was performed using data (antitoxin
unit concentration vs. absorbance) from the standard reference
sera (1-10 IU/ml). From the equation, the slope, correlation
coefficient, and y-intercept of the resultant dose—response line
(i.e., standard curve) were determined. The potency (IU/ml)
of the test serum pool was calculated by fitting the average
absorbance of the test serum pool to the regression line. The
titer prediction equation for each form of absorbance in a par-
ticular single serum dilution was as follows:

Titre (IU/ml) of test serum pool

= (absorbance of test serum pool — y intercept)/slope

Statistical analysis

All the data were expressed as mean =+ standard error
mean (SEM) for statistical analysis. For determining the

significance of the observations, data were statistically ana-
lyzed by one-way analysis of variance (one-way ANOVA)
followed by Tukey b tests or linear regression analysis using
GraphPad Prism 5.0 software (La Jolla, USA).

Results

Cloning and expression of PCR amplified chimeric
epitope construct

The PCR amplification of the chimeric epitope construct
produced an amplicon of 444 bp product that was resolved in
an agarose gel and purified by gel extraction kit for ligation
(Fig. 3). The concentration of purified amplified product was
found to be 96 ng/ul. Successful cloning was confirmed by
colony PCR of selected clones followed by double diges-
tion of plasmid with Ncol and Xhol restriction endonuclease
enzymes that released desired insert of 444 bp (Fig. 4). The
SDS-PAGE analysis of an uninduced and induced fraction
of the culture, confirmed the expression of chimeric protein
and after purification, The SDS-PAGE analysis of chimeric
protein produced an intense band of protein correspond-
ing to 29 kDa size of pre-stained molecular weight marker
(Fig. 5). The chimeric protein concentration was determined
as 0.725 mg/ml by Bradford assay.

Immunological characterization of the chimeric
protein

Immunoreactivity of chimeric protein was established by
producing a distinct band of ~29 kDa using anti-r-ETx
hyperimmune serum as a probe in western blot analysis
(Fig. 6a). For further confirmation, the same western
blot was repeated using epsilon toxoid as an antigen and

500 bp
250 bp

375 bp

Fig.3 Digestion products of the recombinant pUC57 vector vector
with the restriction enzymes Ncol and Xhol in the agarose gel (1%),
Two distinct bands containing the linearized vector pUC57 and the
separated fragment with about 375 bp bp size indicating the CEC
gene construct (Lane 1), DNA ladder (1 kb DNA ladder) (Lane M)
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>00 bp 444 bp

Fig.4 PCR Amplification of CEC using primer specifically designed
for Expresso Rhamnose Cloning and Expression System (Lucigen,
USA) using recombinant pUC57 as template in the agarose gel
(1.5%). Lane M: 100 bp DNA ladder marker plus. Lane 1: represents
the amplified PCR product of 444 bp
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Fig.5 Coomassie blue-stained SDS-PAGE gel showing expres-
sion and purification of r-CEC protein. The total proteins of the
E. coli 10G were harvested and r-CEC was affinity purified
using Ni-NTA agarose column. The column purified fractions
loaded on 12% (v/v) SDS-PAGE. Lane M: Pre-stained Protein Ladder
(10-170 kDa). Lane 1: wash buffer flow-through fraction. Lane 2-8:
elution buffer fraction 1-7

hyperimmunized sera against chimeric protein as a probe.
The western blot also produced a specific signal at an
appropriate size of ~32 kDa (Fig. 6b). This confirms the
antigenicity of chimeric protein and its potential ability to
induce an immune response in the host.
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Fig.6 Western blot analysis of r-CEC and r-Etx. The affinity-purified
r-CEC and r-Etx were separated in 12% SDS-PAGE gel and probed
with a rabbit-anti-r-Etx hyperimmune sera b: mouse-anti-r-CEC anti-
body. M: Pre-stained protein ladder (10.5-175 kDa). Lane 1: r-CEC
protein, Lane 2: r-Etx protein

The immune response against chimeric protein
in mice

For evaluation of immune response, antibody titer against
the chimeric protein in mice were measured by optimized
indirect ELISA (0.187 ug of r-Etox as coating antigen,
1:3200 primary antibodies, 1:4000 secondary antibodies
conjugate dilution). The titer of antigen-specific serum IgG
at weekly intervals (Table 1) was expressed as mean OD
values + standard error. Briefly, in the first week PI, only
GII exhibited a significant level of the immune response
(»<0.001) compared to the control group. The immune
response started to rise from second week onwards in all the
immunized groups, but it rose to a significantly higher level
(p<0.001) from third week onward that lasted till fifth week
PI. After the booster immunization, significant (p <0.001)
rise in antibody titer was noticed in all the groups except
the control group. In ninth week PI, the serum antibody titer
maintained at a significantly higher level (p <0.001) in GIII
only. The week-wise mean antibody titer analysis showed
higher mean antibody titer in GII post-first and second- week
immunization, but in GIII, mean antibody titer remained
highest among all the groups post third immunization.

Evaluation of epsilon toxin neutralization potential
of chimeric protein

Epsilon toxin neutralization potential of chimeric protein
was indirectly evaluated using internationally recommended
indirect ELISA method. The antibody titer of international
reference sera and hyperimmune sera against chimeric



3 Biotech (2020) 10:406

Page70of9 406

Table 1 Immunogenicity assessment as antibody titre (ELISA OD490) in different vaccinated group

Groups Ist week 2nd week 3rd week 4th week 5th week 9th week

Control 0.320+0.005** 0.315 +0.006** 0.320+0.005** 0.333+0.01% 0.324 +0.004** 0.343+0.015**
25 ug 0.394 +0.005°B 0.388 +0.006°8 0.347 +0.005 0.699 +0.01°¢ 0.689+0.013°C 0.330+£0.007*4
50 ug 0.332 +0.005** 0.360 +0.006"® 0.357 £0.005%48 0.720 +0.008P 0.743 +0.0080 0.433+0.003°¢
75 ug 0.332 +0.004** 0.356 +0.006* 0.351+0.007% 0.576 +0.009%8 0.586+0.005%8 0.340 +0.005**

Means sharing similar letters (small) in a columns and sharing similar letter (capital) between the rows are statistically non-significant (p <0.05)

protein was compared. The neutralizing ability (potency
of chimeric protein) was extrapolated by linear regression
analysis of indirect ELISA OD value with reference to the
international standard serum of known antitoxin neutral-
izing potential (11 IU). The neutralizing antibody titer of
immune sera against chimeric protein was determined to be
1.035 IU/ml.

Discussion

The most commonly available and extensively used vaccine
against C. perfringens enterotoxaemia is epsilon toxoid-
based vaccines. This requires handling of bacterial cul-
ture and production of epsilon toxin followed by adequate
chemical inactivation. An alternative approach may be
recombinant genetically detoxified epsilon toxin fragment,
expressed in E. coli or another easily cultured host, used as
a vaccine candidate. It has been reported that a monoclonal
antibody against a particular B-cell epitope may provide suf-
ficient protection from enterotoxemia. (Percival et al. 1990;
McClane 2010). The location of the epitope, recognized by
the protective monoclonal antibody, has been mapped to
amino acids 134-145 (peptide sequence SFANTNTNTNSK)
and has been found to overlap the putative membrane insert-
ing loop. These antibodies could have utility for the preven-
tion or treatment of disease (McClane 2010). The present
study aimed to develop a chimeric B-cell epitope construct
(CEC) using the neutralizing epitope (SFANTNTNTNSK)
as an alternative to the toxoid-based vaccine. Development
of CEC was preferred to epitope peptide vaccine due to
drawbacks associated with the peptide vaccine (poor anti-
genicity, easy proteolysis, and requirement of adjuvant) (Li
et al. 2014).

The CEC was prepared comprising multiple contiguous
tandem repeats of the chosen epitope separated by the linker
sequence. The successful construction of fusion proteins
relies on the proper choice of a protein linker as the direct
fusion of two domains can lead to compromised biologi-
cal activity by a stearic hindrance from the adjacent repeats
(Zhang et al. 2003; Bai et al. 2005). Apart from tandem
repeats of the B-cell epitope of epsilon toxin, the univer-
sal T-cell epitope was also incorporated in the hypothetical

construct because a good immune response against an anti-
gen involves both humoral and cellular immune responses.
Immunizations with CEC containing T-cell epitopes may
have several advantages compared to full-length proteins
(Ishioka et al. 1999). For inducing a strong humoral immune
response, protein antigens require activation of antigen-spe-
cific T-helper cell via peptide: MHC complex which in turn
deliver activating signals to the B cell (Janeway et al. 2001).

For ensuring high translational efficiency, the chimeric
epitope construct was codon optimized and expressed in E.
coli following standard protocol. The customized 376 bp
CEC cloned in pUCS57 vector and expressed in SUMO
vector. The chimeric protein was purified with Ni-NTA
affinity chromatography and confirmed with the presence
of a specific protein band of ~29 kDa. The calculated pro-
tein size should correspond to ~ 15 kD but the increase in
molecular mass is due to additional N-terminal 6-His and
Sumo tag sequence added in the expression vector. This chi-
meric protein showed well-defined immunoreactivity with
hyperimmune sera raised against r-Etx in rabbit in west-
ern blot analysis. It indicates the potential applicability of
this chimeric protein as a vaccine candidate. The humoral
immune response against epsilon toxin plays an important
role in protective immunity against enterotoxaemia (Sojka
et al. 1989). For further confirmation of immunogenicity,
the humoral immune response against the chimeric pro-
tein in swiss albino mice up to 9 weeks PI was measured
by indirect ELISA. Mice injected with as little as 25 pg of
chimera protein showed a significant seroconversion. There
were no significant differences in the antibody titers between
the groups injected with 25 ug, 50 ug and 75 pg of chimeric
protein up to 5 weeks PI. However, at 9-week PI, only 50 ug
group (GIII) showed a significant increase in antibody titer.
Initially, immune response (antibody titer) enhanced with
an increasing dose of antigen up to 50 pg but after that,
increased antigenic dose did not show any effect on serocon-
version. The threshold dose of the chimeric protein antigen
was determined to be 50 pg that is sufficient to induce a
sustained immune response in mice.

The potency of conventional epsilon toxoid-based vaccine
is measured by antitoxin antibodies against epsilon toxin in
mouse neutralization test (IMNT). Severe distress and suffer-
ing experienced by the mice and the enormous number of
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animals used emphasize the need to replace the MNT with
in vitro methods like indirect, competitive ELISAs, and cell
culture tests (Wood 1991; Uzal et al. 1997, 1998). An indi-
rect ELISA (I-ELISA) has been developed for the estimation
of antibodies against epsilon toxin and titers are reported as
international units per milliliter (IU/ml). This is considered
an alternative of MNT and gives an indication of the poten-
tial application of antigen as a vaccine candidate (Smith and
Sherman 1994). The same indirect ELISA protocol was used
for determining epsilon toxin neutralization potential of anti-
serum against this chimeric protein.

In the present study, antibody titer against the chimera
protein was observed to be 1.035 IU/ml, 35 days PI. Previ-
ous studies have shown that the anti-epsilon toxin antibody
titer between 0.10 and 0.30 IU/ml in sheep and 0.25 IU/ml
in goat is considered protective against enterotoxaemia in
small ruminant (Bullen and Batty 1957; Uzal et al. 1998).
In our study, the antibody titer against the chimeric protein
has been found much higher to threshold protective antibody
titer, indicated the potential application of this chimeric pro-
tein as a vaccine candidate. This further warrants studying
immune response and challenging studies in targeted host
species.

Conclusion

The chimeric B-cell epitope construct could produce sig-
nificant antibody titer in mice. The high antibody titer indi-
cates the potential ability of a chimeric protein to protect the
targeted species sheep and goat from enterotoxemia. This
further requires studying the immune response in targeted
species using chimeric protein as a vaccine candidate. It
does not have any residual epsilon toxicity, which makes it
safe to be used in sheep and goat.
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