Tap chi Khoa hoc va Céng nghé 49 (2) (2011) 63-71

EXPRESSION AND PURIFICATION OF EPITOPE FLAGELLAR
ANTIGEN H:1,2 (FIjB1) FOR DIAGNOSISTIC SALMONELLA KIT
DEVELOPMENT

Nguyen Thi Trung, Do Thi Huyen, Truong Nam Hai
Institute of Biotechnology, Vietnam Academy of Science and Technology

Received May 15, 2010

1. INTRODUCTION

Salmonella typhimurium is one of the two main S. enteritica serovars causing food
poisoning for the human [24]. Until recently, the most common cause of food poisoning by
Salmonella is due to S. typhimurium. The disease is characterized by diarrhea, abdominal
cramps, vomiting and nausea, and generally lasts up to 7 days. Unfortunately, in
immunocompromized people, that is the elderly, young, or people with depressed immune
systems, Salmonella infections are not treated with antibiotics [23].

Salmonella typhimurium is primarily associated with cattle but it has spread to a range of
food animals, including pigs, sheep and poultry. Chickens that survive the initial infection are
lifelong carriers of the S. typhimurium and have no sign of an illness, which are very difficult to
demonstrate by microscopic examination specifically. Currently, no drug or vaccine is available
to clear the S. fyphimurium completely or prevent the chickens from the S. typhimurium
infection. Due to the widespread occurrence of S. typhimurium, diagnosis and prevention of that
disease is important in areas of both farm and factory. We must anticipate that it may become
more widespread in the environment and hence throughout the food chain. We must regard to an
'emerging' pathogen and monitor the situation accordingly [22]. Therefore, it is necessary to
develop a reliable, sensitive, specific, and inexpensive immunodiagnosis kit to detect both acute
and latent infections with the S. typhimurium.

For immunodiagnosis, sensitivity, specificity, and cost mainly depend on the antigen.
Native crude antigens can non-specifically react to test sera, and preparation on a large scale is
very complicated and laborious. These results are partially responsible for the limitation of the
complement fixation test (CFT) and have hundred the development of the enzyme-linked
immunosorbent assay (ELISA) [1, 14, 19]. Hence, it is quite plausible to use recombinant
antigens in detection of S. typhimurium infection [15, 20].

Flagella surface antigen plays an important role in host cell recognition, attachment and
penetration by S. typhimurium [4, 10, 16]. They are, hence, logical targets of host immunue
responses [2, 3, 6, 13]. There are two flagella surface antigens (FljB and FliC) in S. fyphimurium
[10, 17]. They are good candidate for a diagnostic regent for the detection of antibody against S.
typhimurium [12]. The aim of the present study is to construct an ELISA kit for specifically
detecting the S. typhimurium infected chicken. Firstly, a truncated region of FIjB (FIjB1) gene
encoding only the epitope of flagella antigen was amplified employing template from DNA
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genome of S. typhimurium, cloned into pET-22b(+) expression vector and then expressed in E.
coli BL21(DE3). The recombinant strain harbouring pET-FIjB1 was investigated in different
cultivation conditions such as incubation temperature, induction time, post-induction time, IPTG
concentration to improve the protein expression. The recombinant FIjB1 protein was purified by
affinity column and evaluated for its immunodiagnosis potential by Western blot analysis.

2. MATERIALS AND METHODS
2.1. Materials

E. coli BL21 (DE3) [F-ompT hsdSB (rB- mB-) gal dem (DE3)] was used as a host cell for
the expression of recombinant protein.

S. enteritidis and S. typhimurium (donated by National Institute of Veterinary Research,
Vietnam) were used for creation of experimentally S. enteritidis and S. typhimurium-infected
chickens respectively.

The pETFIjB1 plasmid was used to transform FljB1 gene into E. coli BL21 (DE3) strain.

Luria-Bertani (LB) medium (w/v) containing 0.5% yeast extract, 1% tryptone and 1% NaCl
[11] was used in seed culture and recombinant protein expression.

Sera samples were collected from 2 chickens experimentally infected with S. typhimurium
and S. enteritidis respectively in 30 days post-infection and 2 healthy chickens were obtained
from the Institute of Veterinary Research, Vietnam.

2.2. Methods
2.2.1. Expression analysis

A single colony of E. coli BL21 (DE3), harbouring the pETFIjB1 vector, was grown in LB
medium containing 50 pg/ml ampicillin overnight. The overnight culture of cells was diluted
1:50 in 50 ml LB medium with 50 pg/ml ampicillin in a 250 ml flask and inoculated at certain
conditions according to the optimization purpose.

After fermentation, cells were harvested by centrifugation at 5,000 rpm for 25 min, and
then resuspended in washing buffer (50 mM sodium phosphate buffer pH 7, 500 mM NaCl) and
lyzed by sonication. After centrifugation at 13,000 rpm for 30 min, the supernatant was taken
out as the soluble protein sample. The protein sample was checked on 12.6 % polyacrylamide
gel (SDS-PAGE).

2.2.2. Purification of recombinant FI[jB1

The target protein (FljB1) was easily purified by Hitrap-chelating column (Phamacia
Biotech, Sweden) due to its His Tag. The affinity column filled with chelating resin was pre-
treated and equilibrated with binding buffer (50 mM sodium phosphate buffer pH7, 0.5 M
NaCl). After sample loading and equilibration, the His-tagged fusion protein was eluted by the
elution buffer (20 mM sodium phosphate buffer pH7, 0.5 M NaCl, 250 mM Immidazole, pH 7)
at 1 ml/min by linear gradient by explore FPLC system.

2.2.3. SDS-PAGE and Western Blot
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The samples were boiled for 5 min in a sample buffer (Fermentas, Germany) and subjected
to SDS-PAGE standard 12.6%. For Western blot analysis to determine antigencity of FljB1
(binding to natural antigen), proteins were transferred from gel to PVDF membranes (Sigma,
USA) by Transfer apparatus (Bio-rad, USA) in Blotting buffer (1.441% glycine; 3% tris; 20%
methanol). The blots were incubated with serum samples diluted 1:100 in TTBS (Tris-HC1 1 M
pH7.5 25 ml; NaCl 5 M 10 ml; Tween 20, H,O 500 ml) for 60 min at room temperature and then
washed with TTBS three times, 10 min each time; then with TBS (Tris-HCI 1 M pH7.5 25 ml;
NaCl 5 M 10 ml, H,O 500 ml) 5 times, 5 min for each. The membranes were incubated with
horseradish peroxidase-conjugated rabbit anti-chicken immunoglobulin G antibody (Sigma,
USA) diluted 10® in TTBS for 60 min. After three washes with TTBS and five washes with
TBS, the membranes were exposed to a substrate solution containing 4 chloro 1 napthol (0.2
mg/ml), 17% methanol, 0.03% H,0, in 30 ml TBS to develop the colour and visualize the
specific antigen bands.

3. RESULTS AND DISCUSSION

Recently, some soluble expression strategies are introduced to express functional proteins
efficiently. The downstream purification procedure will become simpler because the soluble
protein is always accurate-folded, and the refolding procedure will be avoided. Therefore,
soluble expression is an attractive alternative for heterologous expression in bacteria. Fusion
expression and optimization of cultivation condition are the strategies widely used [5, 21]. In
this work, the fljBI gene was cloned into pET22b(+) vector and expressed efficiently as high
soluble protein with molecular weight 16 kDa in E. coli. To further improve FljB1 productivity,
the conditions of cultivation and induction were also optimized systematically. The conditions
for some flagella expression in our work were adopted for this FIjB1 expression. These
conditions were listed in the following: 1 mM IPTG, induction of the ODgy= 0.6 at 28°C for 5 h
[7, 8, 9]. The protein was purified and assessed the ability to bind to natural antibody.

3.1. The effects of different expression conditions

3.1.1. Cultivation temperature
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Fig 1. SDS-PAGE analysis of FljB1 protein
30 expression under different temperatures
Lane 1-4: the soluble protein cultured at
21 28°C, 30°C, 32°C and 37 °C, respectively;
M: molecular weight marker
14

The temperature affects recombinant protein expression significantly, especially for soluble
protein expression [18]. The recombinant strain was cultivated in LB medium at different
induction temperatures (37°C, 32°C, 30°C and 28°C). The expressed proteins due to the
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temperature effect were determined by SDS-PAGE (Fig. 1). The results revealed that the target
protein was achieved a high concentration in soluble proteins at 30°C; thus, the following
cultivation was carried out at 30°C.

3.1.2. Induction timing

In the process of recombinant protein expression in E. coli, IPTG induction is the turning
point between cell growth and recombinant protein synthesis. The addition of IPTG triggers the
transcription of foreign gene in the plasmid and, consequently, brings great changes to the
metabolism of host cells by initiating the translation of heterologous protein. The effect of
induction timing was evaluated by adding IPTG at different stages of growth phase according to
this growth profile. Comparison of expression level of soluble target protein indicated that the
amount of soluble protein varied in a wide range of induction time. The maximum yield of
recombinant protein was obtained when induced at an ODg value of 0.6.

3.1.3. IPTG concentration

For the expression vector with a T7 Lac promoter, final IPTG concentration should be
optimized because of its great contribution to recombinant protein expression and serious harm
to cell growth [5]. The final concentration of IPTG was examined from 0, 0.1, 1, 10, 100, 1000,
50.000 uM. The result of IPTG concentration examination has shown that the recombinant
protein was synthesised very effectively even though at the low concentration (0.1 uM IPTG)
(Fig 2). Thus, this will be reduced the cost of product due to IPTG is an expensive substrate.
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Figure 2. SDS-PAGE analysis of effect of IPTG concentration on the expression level

Lane 1: soluble protein without IPTG; 2-7: soluble protein induced with IPTG at final
concentration is 0.1, 1, 10, 100, 1000, 50 000 uM, respectively;M: molecular weight marker

3.1.4. Post-induction time

After adding the IPTG into the medium, the target protein begins to synthesize. However,
the accumulation of target protein is not proportional to the expression time. The optimal
expression time was determined by analyzing samples taken at 1, 2, 3, 4, 5 and 18 h after
induction at the optimized conditions. The result was analyzed by SDS-PAGE (Fig. 3). The
product reached the highest concentration after a 4 h induction. Overtime expression influenced the
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productivity and decreased the amount of recombinant protein in total soluble proteins.
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Figure 3. SDS-PAGE analyses the expression level of FIjB1 in
E. coli at the different post-induction time.

Lane 1-7: soluble protein collected at the 0, 1, 2, 3, 4, 5 and 18 post-induction, respectively;
M: molecular weight marker

3.2. F1jB1 Purification

As above present, fljBl was inserted into the pET22b(+) vector, thus E. coli synthesized
recombinant protein FljB1 has 6 C-terminal histidine residues. FljB1 protein from cellular
extract was purified by affinity chromatography on Hitrap chelating resin. Effectiveness of
purification was determined by SDS-PAGE (Fig. 4). The result revealed that the fusion protein
with a high purity was achieved after a one-step affinity purification process. In the downstream
purification, nickel-affinity chromatographic operation increased the percentage of fusion
protein with (His)s tag from 64 to 85% [18 ].

kba 1 2 M 3 4

Figure 4. SDS-PAGE analyses the FljB1

97 s
66 purification

Lane 1: Crude cellular lysate of the
45 soluble protein of recombinant strain

harboring fljB1; 2: non-binding protein;
30 3, 4: Elution fraction after affinity
chromatography (FljB1 protein);

. M: molecular weight marker
14

3.3. FljB1 binding ability with natural antibody
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Protein FljB1 purified by affinity chromatography was checked the ability of the binding to
natural antibody by western blot. Serum collected from 2 infected experimentally with
S. typhimurium and S. enteritidis respectively, 2 healthy chickens were used to assess the
specific binding with FIjB1. The specific antibody response to FljB1 was detected only in sera
from S. typhimurium-infected chickens (Fig. 5) but not in sera from S. enteritidis-infected and
healthy ones.
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Figure 5. Western blot analysis the antigenicity of purified recombinant FljB1

Lane 1: reactivity of the purified FIjB1 with antibodies in serum from S. typhimurium-infected
chicken;M: molecular weight marker

The gold standard for one diagnosis of immunology should be a test that is sensitive
enough for the early detection of acute infection and the detection of latent infections, specific
for the differentiation between the species, and economical with regards to materials and time
[1]. So far, no immunological assays with native antigens can meet the standards due to the
nonspecific reaction and complicated preparation of the antigen [1, 19]. The researchers usually
make capture ELISAs kit (ELISA kit detecting antigen) to reduce the difficult of preparation
enough native antigen. But these methods take a long time to run a test, from 36 to 48 h
normally. However, they were still cross-reacted with some species in Enterobacteriaceae,
which are not suitable for some other immunodiagnostic assays.

A bacterial expression system has an advantage over others because the procedures of
expression and purification are much easier. This is more relevant when producing a protein on a
large scale if its antigenicity will not be impaired by incorrect folding, which may sometimes
happen [Error! Reference source not found.}]. The present study takes advantage of the
bacterial expression system. Moreover, the smaller molecular mass of recombinant FljB1 might
be an outstanding advantage in development of rapid immunochromatographic assay for
diagnosis of S. Typhimurium infection.

4. CONCLUSSION
In summary, a truncated fIjB gene (fliBl) was cloned and expressed in E. coli. The

recombinant protein was over-expressed at 30°C, 0.1 uM IPTG and after 4 h induction. This
protein was purified with the high purity under native conditions by affinity chromatography
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using Hitrap chelating column. The FJjB1 could be allowed to clearly differentiate S.
typhimurium-infected chicken sera from S. enteritidis-infected or normal chicken sera. This is
enough specific for the differentiation between the infection of these Salmonella species causing
food poisoning. This is a good basis to build the ELISA kit detecting S. fyphimurium-infected in
chickens and develop some rapid immunochromatographic assay.
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TOM TAT

BIEU HIEN VA TINH SACH EPITOPE KHANG NGUYEN ROI H:1,2 (FljB1)
DE TAO KIT CHAN DOAN SALMONELLA

Protein FIjB la mot trong hai khang nguyén bé mit cta S. typhimurium da dugc chimg

minh 12 ¢6 kha ning sinh ddp tng mién dich twong duong véi té bao vi khuan S. ryphimurium.
Do d6, FIjB 1a mdt ing ctr vién sang gid cho viéc tong hop bang cong nghé DNA tai té hop dé
lam nguyeén li¢u tao kit phét hién khang thé khang lai S. fyphimurium trong huyét thanh ctia mot
sO dong vat. Nghién ciru nay trinh bay sy biéu hién cua protein FljB1 1a mot ving gen ma hoa
epitope khang nguyén trong Escherichia coli BL21. Protein tdi t6 nay dugc tinh ché bing
phuong phép sac ki 4i luc sir dung cot Hitrap chelating (Pharmacia Biotech, Sweden). Bang viéc
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sir dung vector biéu hién pET-22b(+) dé thiét ké plasmid biéu hién pETFIjB1 chiing tdi c6 thé
nhan duogc ching E. coli tong hop nhiéu protein FIjB1 & dang tan. Nang sudt cao nhat ddi véi
protein FljB1 da dat dugc khi chung E. coli mang plasmid pETFIjB1 duoc nuoi trong moi
truong LB & 30°C; cam tng bing 1sopropyl B-D- galactopyranos1de (IPTG) véi ndng d6 cubi
cung 1a 0,1 uM khi ODgoo= 0,6; va mau duoc thu sau 4 gio biéu hién. Sau d6 protein nay dugc
tinh sach va kiém tra kha ning lién kiét voi khang the tu nhién bang phuong phap Western blot.
Cic két qua nhan duoc cho thiy protein FljB1 tii t6 hop c6 thé phit hop dé phat trién mot thir
nghiém chan dodn mién dich hi¢u qua vi tinh dac hi€u cta né.

Tir khod: Salmonella typhimurium, FljB, khdng nguyén tai td hop, western blot, tinh ché protein.
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