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Abstract Staphylococcal enterotoxins (SEs) are the second

most common causal agents of food poisoning throughout the

world. Staphylococcal enterotoxin B (SEB) is one of the most

potent and a listed biological warfare agent. Therefore, its

quick, accurate and sensitive detection is of paramount

importance. But availability of sensitive and specific anti-

bodies against SEB is the major bottleneck in the develop-

ment of an immunodetection system. Therefore, in the present

study seb gene was cloned and expressed in a heterologous

host resulting in a yield of 92 mg pure toxin per litre of culture

broth after Ni–NTA affinity purification. Antibodies raised

against the recombinant toxin did not cross react with related

enterotoxins and organisms that can gain access in the food.

Further, a sandwich ELISA was developed to detect SEB after

extraction from artificially spiked food samples like milk,

orange juice, skim milk and khoya. The sandwich ELISA was

able to detect SEB in the range of 0.25 to 0.49 ng/ml or g of

food. The detection system developed in the present study is

at least as specific and sensitive as other commercially

available kits which use monoclonal antibodies.
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Introduction

Staphylococcus aureus is one of the major causes of food

borne diseases (FBD) throughout the world. This toxigenic

disease is primarily caused by staphylococcal enterotoxins

(SEs). Among SEs, staphylococcal enterotoxin B is one of the

most common causative agents of FBD worldwide [1]. SEB,

a 28.4 kDa protein, is also defined as superantigen that binds

directly to invariant regions of MHC class II and Vb region of

T cell receptor and hyperstimulate T lymphocytes coupled

with the release of cytokines causing clinical symptoms

including fever, hypotension, and death in severe cases [2].

The physiological effect of SEB is emesis and diarrhoea that

is generally defined as food poisoning [1, 3]. The ingestion of

100–200 ng of enterotoxin can induce symptoms of food

poisoning [4] and foods implicated in staphylococcal food

poisoning typically contain about 0.5–10 lg of toxin per

100 g [5]. SEB also has the potential for use as biological

warfare (BW) agent and its toxic dose for aerosol inhalation is

less as compared to food poisoning dose [6]. Thus, the sen-

sitivity of any detection method needs to be below this level,

preferably in the region of 0.1–0.2 lg per 100 g [7].

Different immunological methods have been proposed

for detection of staphylococcal enterotoxins in food samples

including immunodiffusion assays [8], radioimmunoassay

[9] and enzyme linked immunosorbent assays [10–12]. But

the important bottleneck is the availability of high titre and

specific antibodies for the development of sensitive and

specific detection system against staphylococcal enterotox-

ins. Production of such specific and high titre antibodies

require large amount of pure protein because of the super-

antigenic nature of SEB. Various techniques are being used

to purify SEB like HPLC, multistep ion-exchange chroma-

tography, gel filtration, chromatofocussing, dye ligand

chromatography, etc. [1, 13]. But these techniques are very

cumbersome, expensive and time consuming, and in most

cases do not result in the desired purity of the enterotoxin for

specific and high titre antibody production leading to poor

detection potential. Therefore, the present investigation is
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focused to get large amount of purified SEB by heterologous

expression for high titre and specific antibody generation.

Antibodies generated in the present investigation were also

tested for their suitability as diagnostic reagents in sandwich

ELISA format for SEB detection from food.

Materials and Methods

Staphylococcal Enterotoxin B (seb) Gene Amplification

SEB producing S. aureus strain ATCC14458 was used to

amplify the toxin gene for cloning and expression. Genomic

DNA was isolated using GenElute bacterial genomic DNA

kit. The nucleotide sequences of forward and reverse primers

were: 50-AGAGAGTCAACCAGATCCTAA-30 (21 NT)

and 50-TCACTTTTTCTTTGTCGTAACAT-30 (23 NT),

respectively [14]. The optimized PCR conditions were:

initial denaturation at 94�C for 2 min followed by 25 cycles

of denaturation (94�C/30 s), annealing (52�C/60 s), exten-

sion (72�C/90 s); and final extension at 72�C for 5 min.

Cloning and Expression of seb into E. coli

The seb amplicon was gel purified and ligated into pQE-

30UA vector (ampicillin resistant), containing 69 His tag

as per manufacturer’s instructions (Qiagen, Germany). The

ligated product was transformed in the expression host,

E. coli SG13009 (kanamycin resistant). Recombinant

clones were screened by PCR for the presence of toxin

gene. PCR positive clones were checked for the expression

of SEB after IPTG (isopropyl-b-D-thiogalactopyranoside)

induction by SDS–PAGE followed by western blot using

anti His HRP conjugate (Qiagen, Germany).

Optimization of Expression Conditions

and Localization of Recombinant SEB

One of the SEB positive recombinant clones, rBUS6, was

used to optimize the growth and induction conditions for

expression of recombinant SEB (rSEB). Induction point

(OD600 0.2–0.7), induction duration (2–6 h) and inducer

(IPTG) concentration (0.5–1.5 mmol/l) were optimized.

The presence of recombinant protein was tested in different

subcellular compartments, viz., extracellular, periplasm

and cytoplasm. The formation of inclusion bodies was also

checked at different induction durations as described by

Sambrook and Russell [15].

Affinity Purification of Recombinant SEB

Recombinant SEB was purified from cell lysate using

Ni–NTA superflow resin as per manufacturer’s instructions

(Qiagen, Germany) and the purity was tested on SDS–

PAGE by silver staining. After purification, recombinant

protein was dialysed gradually against decreasing concen-

tration of urea followed by final resuspension in PBS.

Protein yield was calculated by estimating the total protein

and the purified rSEB using BCA kit [16].

Immunization of Animals

Female Balb/c mice were immunized intraperitonially at an

interval of 7 days. Doses of 20 ng, 100 ng, 500 ng, 1 lg,

10 lg, 100 lg and 150 lg were used for mice immuniza-

tion while doses of 100 ng, 1 lg, 100 lg, 1 mg at 14 days

interval were used subcutaneously for female New Zealand

white rabbit. Two additional boosters of last dose were also

administered prior to final bleed.

Evaluation of Antibodies Raised against rSEB

Mice and rabbit were bled through retro-orbital route and

cardiac puncture, respectively after 14 days of final boos-

ter. Antisera titre and their cross reactivity with SEA, SEC,

SED producing S. aureus strains, E. coli SG13009, non-

enterotoxigenic S. aureus strain ATCC6538P and other

microorganisms that can gain access in the food, viz.,

Bacillus suitilis, Bacillus cereus, Enterococcus faecalis and

Vibrio cholarae were determined by western blotting.

Development of Sandwich ELISA for SEB Detection

Dilutions of capture (1:500–1:16000 dilution) and reveal-

ing antibodies (1:500–1:16000) for detection of SEB

(250 ng/well) were standardized using checkerboard titra-

tion. Colour was developed using OPD as substrate and

plate was read at 492 nm in an ELISA plate reader (Bio-

Tek Instruments Inc., USA). Results were noted and

interpreted for the best dilution combinations of capturing

and revealing antibodies. Sandwich plate ELISA was car-

ried out for detection of the minimum amount of SEB

(600 ng to 73 pg/ml) after optimization of capture and

revealing antibody dilutions. ELISA Results were com-

pared using the formula of subtraction [17].

Detection of Spiked SEB from Culture Supernatant

and Food Samples

Known amount of SEB was spiked in the culture super-

natant (600 ng/ml) of non-enterotoxigenic S. aureus

ATCC6538P and food samples (1 lg/ml or g), i.e., milk,

orange juice, skim milk powder and khoya. Unspiked

Culture supernatant of ATCC6538P was used as negative

control. Extraction of SEB from food samples was done by

adapting the method described by Vernozy-Rozand and
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Coworkers [18]. Extracted toxin was subjected to ELISA

as described above.

Results and Discussion

SEs rank second among the causal agents of food poisoning

all over the world [19–21]. As little as 100 ng of SEs may

make a person ill with symptoms of classic food poisoning

(nausea, vomiting and/or diarrhoea) [4]. The most common

SEs implicated in food poisoning includes SEA, SEB, SEC

and SED [19, 22]. Among these, SEB is the most potent and

a listed BW agent [23, 24]. Therefore, it is of utmost

importance to have an immunological system for detection

of SEB. But the important bottleneck in the development of

an immunological detection system of SEB includes the

limited availability of high affinity and specific antibodies

due to its superantigenic nature. A slight contamination of

SEB with other proteins leads to non-specific and low titre

antibody response against it. Therefore, all possible efforts

should be made to obtain large amount of pure SEB for

raising specific and high titre antibodies. Conventionally,

SEB is purified by size exclusion chromatography, ion-

exchange chromatography, chromatofocussing, etc. which

are not only cumbersome and time consuming but also do

not guarantee the purity of the protein apart from the poor

yield [1, 13, 25]. Alternatively, high level of protein purity

can be obtained by heterologous expression of the desired

gene into a suitable vector containing a fusion partner that

can be used as affinity tag for single step purification [26].

In this study, seb gene of S. aureus ATCC14458 was

amplified by PCR that resulted in 720 bp amplicon. The

PCR amplified gene was ligated into pQE-30UA vector

having 69 His tag. PCR positive clones were analysed for

expression and a thick band of rSEB toxin was observed at

approximately 30.6 kDa position on SDS–PAGE gel

(Fig. 1A). The position of rSEB toxin was also confirmed

by western blot developed with anti His HRP conjugated

antibodies (Fig. 1B). The 69 His affinity tag facilitates

purification using Ni–NTA matrix. The 69 His tag is

poorly immunogenic and, generally, does not affect

secretion, compartmentalization, or folding of the fusion

protein. In addition, anti-His antibodies can be used for

detection. Among the inducible clones, one clone (rBUS6)

was selected for further studies of gene expression and

protein purification. Optimum optical density (OD) for

inducer (IPTG) addition was 0.4–0.5 which was achieved

at 1.5 h of inoculation. The maximum yield of rSEB was

obtained when rBUS6 was induced by IPTG at a concen-

tration of 0.75 mmol/l for 5 h. rSEB was localized in the

cytoplasm and maximum protein was found as loosely

bound inclusion bodies. The purified rSEB showed single

band as revealed by silver stained gel (Fig. 2). The yield of

purified rSEB obtained in the present study was 92 mg/l

(w/v) of culture broth which corresponds to 33% (w/w) of

total protein. The estimated yield of rSEB reported by

Ignatov and Coworkers [27] was only 1.7% whereas Yang

and Coworkers [28] reported a yield of 33.3% in E. coli

strain JM109. The major limitation of both these investi-

gations was that they did not use affinity tag for purification

of the toxin. Moreover, none of these workers indicated the

specific applications of rSEB. In our earlier studies, seb

gene was expressed in E. coli [14] but the yield was very

less which is a limiting factor for its use in further studies

of superantigenicity and detection system development.

In the present study, purified rSEB was used to raise

polyclonal antibodies in mice and rabbit models. The titer of

antisera as revealed by western blot was 1:32000 in both

mice and rabbit. These antibodies were non-cross reactive to

other staphylococcal enterotoxins (SEA, SEC and SED),

non-enterotoxigenic S. aureus as well as other bacterial

species, i.e., Bacillus subtilis, B. cereus, Enterococcus fae-

calis and Vibrio cholera which may find entry into food.

These results encouraged us to develop sandwich ELISA for

detection of SEB. The detection sensitivity of the sandwich

ELISA method was found to be 0.15 ng/ml with toxin alone

and toxin spiked in non-enterotoxigenic S. aureus culture

Fig. 1 SDS–PAGE profile and western blot showing inducible

expression of SEB. A Molecular weight markers (66, 45, 29, 20 kDa)

(lane 1); E. coli host SG13009 (lane 2); Uninduced recombinant clone

(lane 3); Induced recombinant clone showing SEB band at 30.6 kDa

(lane 4); B rSEB band at 30.6 kDa (lane 1); Pre-stained molecular

weight markers (113, 91, 49.9, 35.1, 28.4, 20.8 kDa) (lane 2)
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supernatant (Fig. 3). A number of reports have been pub-

lished on the detection of staphylococcal enterotoxins in

foods by immunodiffusion [8], latex agglutination [20],

radioimmunoassay [9], competitive ELISA [29] as well as

double antibody sandwich ELISA [11, 12, 30]. Among

these, the sandwich ELISA was shown to be the most sat-

isfactory method for SEB detection [10, 12, 31]. The double

Fig. 2 SDS–PAGE of affinity purified rSEB. Lane 1 rBUS6 Cell

lysate after induction, Lane 2 Flow-through after binding of protein

with Ni–NTA resin, Lane 3–4 Wash, Lane 5–7 Eluates, Lane 8
Molecular weight markers (66, 45, 29 kDa)

Fig. 3 Detection of SEB in spiked non-enterotoxigenic S. aureus
culture supernatant by sandwich ELISA. Data points and error bars
show mean and standard deviation of triplicates. Cut off value for

negative control was 0.34. Sensitivity of detection was 0.15 ng/ml

Fig. 4 Detection of SEB in spiked milk by sandwich ELISA. Data
points and error bars show mean and standard deviation of triplicates.

Cut off value for negative control was 0.37. Limit of detection was

0.25 ng/ml

Fig. 5 Detection of SEB in spiked orange juice by sandwich ELISA.

Data points and error bars show mean and standard deviation of

triplicates. Cut off value for negative control was 0.383. Limit of

detection was 0.49 ng/ml
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antibody sandwich ELISA allowed the detection of toxin at

around 1 ng/g of sample in several types of foods [10, 11, 30,

32, 33]. However, in many of the cases, antibodies used in

the immunodetection system of SEs were monoclonal

obtained from hybridoma clones [30, 32]. The low detection

limit of the sandwich ELISA developed in the present study

encouraged us to evaluate it further for SEB detection after

extraction from artificially spiked food samples. The TCA

precipitation method [18, 34] was used for extraction of SEB

as it is more user friendly, fast and efficient. The detection

limit of toxin was 0.25 ng/ml for milk (Fig. 4), 0.49 ng/ml

for orange juice (Fig. 5), 0.25 ng/g for skim milk (Fig. 6)

and 0.49 ng/g for khoya (Fig. 7). This detection limit is well

below the microslide immunodiffusion method approved by

the AOAC [35]. The limit of SEB detection is at par or even

better than many of the methods employing monoclonal

antibodies. Moreover, time, skill and the cost involved in

raising polyclonal antibodies are far less than that of

monoclonal antibodies.

Therefore, monospecific polyclonal antibodies generated

by means of cloning and hyperexpression of SEB may serve

as useful reagents to develop sensitive and specific detection

system without generating monoclonal antibodies, the

facility of which is not available in most of the laboratories

especially in the developing world. The reported detection

system can also be used for QA/QC of food products as well

as retrospective investigations of SEB used by miscreants for

biological terrorism.
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