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Summary

Flagellin, aToll-like receptor 5 (TLR5)-ligand, is known for its activities like adjuvant, induction
of pro-inflammatory cytokines and innate immunity. In this context, fliC gene of Salmonella
Typhimurium was cloned into pET32a expression plasmid using in-house designed gene
specific primers. The frame and orientation of the inserted fliC gene was confirmed upon
colony PCR, restriction enzyme analysis and sequencing. Sequence analysis of fliC revealed
proper orientation of the gene and had 1,485 nucleotides. Following transformation of
PET-fliC plasmid into Escherichia coliBL21 (DE3) cells, the gene was expressed after inducing
with IPTG (IsopropylP-D-1-thiogalactopyranoside). The polyHis-tag-fliC was ~70kDa as
confirmed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE).
The identity/authenticity of the recombinant-fliC was confirmed by its specific reactivity
with commercial anti-fliC MAb of S. Typhimurium. Further, the antigenic and functional
properties of recombinant-fliC were determined espousing its ability to induce antigen
specific antibodies in G pigs and increased m-RNA expression of certain pro-inflammatory
mediators like TNF-a and GM-CSF in vitro.
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Espressione, purificazione e caratteristiche funzionali
della Flagellina, un TLR5-legante

Riassunto

La flagellina, legante il Toll-like receptor 5 (TLR5), € nota per le sue proprieta adiuvanti e per
I'induzione dicitochine pro-inflammatorie eimmunitainnata. Larticolo descrive irisultatidella
clonazione del gene fliC di Salmonella Typhimurium effettuata in un plasmide con espressione
pET-32a, utilizzando primer specifici per il gene messi a punto nel Foot and Mouth Disease
Vaccine Quality Control and Assurance Laboratory. La struttura e l'orientamento del gene fliC
sono stati confermati tramite colony PCR e analisi con enzimi di restrizione e sequenziamento.
L'analisi della sequenza di fliC ha evidenziato il corretto orientamento del gene e la presenza
di 1.485 nucleotidi. Il plasmide pET-fliC & stato impiegato per la trasformazione genetica in
cellule di Escherichia coli BL21 (DE3) e il gene e stato espresso tramite induzione con IPTG. La
massa del poly His-tag-fliC pari a circa 70 kDa é stata confermata con elettroforesi su gel di
poliacrilammide in presenza di sodio dodecil solfato (SDS-PAGE). Lidentita/autenticita del
fliC ricombinante é stata confermata dalla reattivita specifica evidenziata con MAb anti-fliC
di S. Typhimurium. Le proprieta antigeniche e funzionali del fliC ricombinante sono state
determinate tramite I'induzione di anticorpi antigene-specifici nelle cavie e 'aumento in vitro
dell'espressione del’'m-RNA di alcuni mediatori come TNF-a e GM-CSF.
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Introduction

Bacterial flagellin (fliC) serves many functions like
mobility, pathogenicity, adjuvanticity and toll
like receptor (TLR)-ligand activity (1, 9, 19). TLRs,
a group of conserved receptors play a crucial role
in activating antigen presenting cells (APCs) and
the adaptive response (2). The binding of fliC with
TLR5 leads to a cascade of reactions that results
in the production of pro-inflammatory cytokines
like TNF-q, IL-6 and IL-12, thereby up-regulate the
antigen presenting cell surface molecules (8). TLR5
is present on the surface of epithelial and immune
system cells like dendritic cells (DC), monocytes,
natural killer cells (NK), and T-lymphocytes (25). fliC
activates the epithelial cells, well-known for their
ability to encounter the pathogen and defend the
body against it. Moreover, in vivo administration of
fliC is much safer than the lipopolysaccharide (LPS)
inducing shock (26). These properties make fliC an
ideal and potent molecular adjuvant (6, 12, 17, 23).
In addition, immunisation with fliC has been found
to protect the host from a wide range of pathogens,
chemicals and radiations (22, 26). Therefore, the
present study was conceptualised to clone and
express the fliC from S. Typhimurium in prokaryotic
expression system, characterise the recombinant
protein by Western blot and in vitro analysis of
MRNA expression levels of various pro-inflammatory
mediators.

Materials and methods

Bacterial strain

Stab-culture of Salmonella enterica serovar
Typhimurium (S. Typhimurium) of bovine origin
available at FMD vaccine quality control unit, Indian
Veterinary Research Institute (IVRI), Bangalore, was
used as source for fliC gene.

Amplification of fliC gene

A colony of S. Typhimurium was grown in
Luria-Bertani broth (LB broth) overnight at 37°C
with constant agitation (220 rpm). Genomic DNA
was extracted (21) and the fliC gene was amplified
using in-house designed gene specific primers
(fliCc F; cgcggatccatggcacaagtcattaatacaaac and
fliC R; gcgctcgagacgcagtaaagagaggacgtt) based on
the known DNA sequence. For amplification of the
fliC gene, the polymerase chain reaction (PCR) was
standardised using 10 ng of genomic DNA, 20 pM
of each gene specific primers, 10 mM of each dNTPs,
5 ul of 10x enzyme buffer and 0.5 U of Accu Taq LA
DNA polymerase (Sigma-Aldrich, St. Louis, MO, USA)
in a 50 pl final reaction volume. The amplification
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was carried out with initial denaturation of DNA
at 94°C (10 min) followed by 35 cycles of 94°C for
45 sec, annealing at 56°C for 90 sec, extension at 72°C
(100 sec), and final extension at 72°C for 10 min. The
amplified product was analysed by electrophoresis
using 0.5% agarose gel and ethidium bromide as
tracking dye.

Cloning and expression of flagellin

The amplified PCR product was cloned into
prokaryotic expression vector pET-32a (Novagen,
San Diego, California, USA) at Ncol-Xhol site. For
ligation, the fliC gene PCR product and vector
plasmid were used in the ratio of 2:1. The ligated
product was initially propagated in Top 10
Escherichia coli competent cells (Invitrogen,
Carlsbad, California, USA) (21). Transformed colonies
were screened by colony PCR, restriction enzyme
analysis and sequencing. The recombinant pET-fliC
plasmid extracted from Top 10 E. coli cells was
purified and transformed to E. coli BL21 (DE3) strain
(Novagen, San Diego, California, USA) for expression
of flagellin. The expression was induced by adding
1 mM IsopropylB-D-1-thiogalactopyranoside (IPTG)
to transformed BL21 (DE3) bacteria (OD,,,=0.6)
at 30°C. Zero-time aliquot (uninduced culture)
was used as control. The samples collected after
4 h and 6 h were analysed for expressed protein
by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (15). The recombinant
protein was further confirmed by Western blot
analysis using anti-fliC monoclonal antibody (MAb)
of S. Typhimurium (Clone: X5A12, Invivogen, San
Diego, California, USA).

Solubility and purification of the
recombinant flagellin

The solubility of the expressed protein was
determined by re-suspending the bacterial pellet (6 h
post IPTG induction) in lysis buffer. After sonication,
the lysate was centrifuged at 12,000 x g (15 min)
and supernatant representing soluble fraction was
collected. The pellet was again resuspended in the
lysis buffer, which represented the suspension of
the insoluble matter. Both extracts were analysed
after running on 10% SDS-PAGE. Purification of the
recombinant flagellin containing poly-His tag was
done by using Ni-NTA Spin Columns (Qiagen, Hilden,
Germany) under denaturation conditions as per the
manufacturer’s instructions. The positive elutes
confirmed by SDS-PAGE were pooled and extensively
dialysed (six washings) against phosphate buffered
saline (pH 8.0) at 4°C. Purified protein was quantified
by a Bradford assay (5), filtered, and stored in the
same buffer at —20°C until use.
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Antigenic and functional
characterisation of recombinant
flagellin

To determine the antigenic nature of recombinant-
fliC three guinea pigs were immunised with the
purified protein (6 pg/animal). Guinea pigs were
maintained under standard conditions following
the recommendations of the Institute Animal Ethics
Committee (IAEC) under the guidelines set forth
by the Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA).
Three animals were kept as controls. Blood samples
were collected from all the animals directly from the
heart on day 14 post immunisation and serum was
separated, inactivated and stored at -20°C until use.

The functional characterisation of the protein was
studied under in vitro conditions by determining
the effect of recombinant-fliC on m-RNA expression
levels of various inflammatory mediators and
quantified  semi-quantitatively by  reverse
transcriptase polymerase chain reaction (RT-PCR)
using established primers (11) (Table 1). Peripheral
blood mononuclear cells (PBMC) were isolated
from the blood of normal healthy G pigs by density
gradient (4) using Histopaque (M/s Sigma-Aldrich,
Cat. No. 1083) and were cultured in RPMI-1640
medium (M/s Sigma-Aldrich, Cat. No. R1383)
supplemented with 10% fetal calf serum and
penicillin and streptomycin at 50 ug and 100 U/
ml, respectively. Harvested cells were counted and
distributed (2x10%well) in 24-well culture plate and
incubated with or without purified recombinant-fliC
(5ug/ml) at 37°C, 5% Co, for 8 h. RNA was extracted
by RNeasy Mini kit (Qiagen, Hilden, Germany) and
cDNA was prepared using SuperScript™ Ill Reverse
Transcriptase kit (Invitrogen, San Diego, California,
USA) as per the manufacturer's instructions.
Amplification of the cytokine genes was carried
out as described previously (11). The density of
electrophoretic bands of amplified PCR products
was done using band leader 3.0.

Table 1. Sequence of primers used for the detection and quantification
of the inflammatory mediators by reverse transcriptase-polymerase
chain reaction.

Primer name 5°-3" sequence Product length
GAPDH (F-RT) ACCACA GTC CAT GCCATCAC 343bp
GAPDH (R-RT) TGT CGCTGT TGA AGT CA

GM-CSF (F-RT) (TGTGGTTT GCA GCATCT 6T 171bp
GM-CSF (R-RT) GGG GCT CAA ACT GGT CAT AG

TNF-a (F-RT) ATCTAC (TG GGA GGC GTCTT 184bp
TNF-a (R-RT) GAGTGG CACAAG GAA (TG GT
iNOS (F-RT) GCA CACGTT GGCTTCCCT CT 456hp
iNOS (R-RT)  TGG GCCAGT GCTTCT GATTTT (C
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Results

Construction of the expression vector
pET32a-fliC

ThefliCgene (~1.5 kb) sequence of S. Typhimurium
was successfully cloned into expression vector,
pET-32a using Ncol and Xhol restriction enzymes.
The colony PCR product of recombinant clones
has shown amplification of ~2 kb product using
vector specific T7 forward and gene specific
reverse primers and thus indicated that the gene
was in proper orientation. The release of ~1.5 kb
insert upon restriction enzyme digestion and gene
sequence analysis of 1,986 bases of recombinant
plasmid including 501 bp of vector and 1,485 bp
of fliC gene, further confirmed the proper
orientation of the insert (Figure 1). The sequence
was published in GenBank with accession number
HM 920247.1.

2kb
1.5kb

500kb

1.5kb

500kb

Figure 1. Amplification of liC gene and confirmation of recombinant

clone.

(a) PCR amplification of fliC gene.

(b) Confirmation of recombinant clones by colony PCR using vector
specificT7 primer and gene specific reverse primer.

(c) Recombinant plasmid (r) showing less mobility than neat pET32a
vector plasmid (s) in agarose gel.

(d) Insert release (1,485 bp) by using Ncol and Xhol restriction enzymes.
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Expression and characterisation of
flagellin protein

The confirmed pET-fliC plasmid was transformed into
E. coliBL21 (DE3) host cells for expression of flagellin.
As shown in Figure 2¢, the Coomassive brilliant
blue stained gel indicated the polyHis -tagged
flagellin protein to be ~70kDa. For characterisation
of the recombinant-fliC, the IPTG-induced cell
lysate was fractionated on SDS-gel, transferred to a
nitrocellulose membrane and probed with specific
anti-fliC MAb. The protein reacted specifically
giving a characteristic single band (Figure 2d), thus
confirming the authenticity of the protein.

Solubility and purification of the
recombinant flagellin

The expressed recombinant-fliC was roughly about
two third as soluble and one-third as insoluble as
determined by the band intensity of the coomassive
stained SDS-PAGE gels by loading equal volumes
of supernatant and re-suspended pellet samples of

250kDa

70kDa

70kDa

C. d.

Figure 2. Expression of poly His6-tagged flagellin protein in

Escherichia coli BL21(DE3) cells using pET32a vector.

(a) Protein expression at 4 h (lane 2), 6 h (lane 3) post IPTG induction,
and uninduced control (lane 1).

(b) Expressed protein as soluble (lane 2) and insoluble (lane 1).

() Purified poly His tagged protein isolated using Ni-NTA spin columns.

(d) Immunoblot of the expressed protein using anti-fliC monoclonal
antibody of Salmonella Typhimurium.
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lysed bacteria (Figure 2b). The protein was produced
in bulk and purified under denatured conditions
using Ni-NTA spin columns. The protein was
re-natured by dialysis against PBS (pH 7.4) and the
purity of the Ni-NTA purified recombinant protein
was >95% as analysed by SDS-PAGE (Figure 2¢). The
amount of the recombinant-fliC was 2 mg/100 ml of
bacterial culture.

Antigenic and functional
characterisation of recombinant
flagellin

The recombinant-fliC was found to be immunogenic
as the sera collected from all the three animals
that received expressed protein showed specific
immunoreactivity on Western blotting analysis.
Furthermore, in vitro studies of flagellin indicated
that it was functional and increased the m-RNA
expression levels in the stimulated PBMC. The
results indicated that recombinant-fliC induced
higher levels of pro-inflammatory mediators TNF-a
and GM-CSF when compared to the un-stimulated
control wells (Figures 3 and 4).

Discussion

Pathogen associated molecular patterns (PAMPS)
like lipopolysaccharides (LPS), flagellin, capsule and
other molecules are conserved evolutionarily. They

Treated wells Control wells

Figure 3. Semi-quantitative RT-PCR of cytokine genes. PBMCs from
healthy guinea pigs were cultured with or without flagellin. Total RNA
was isolated and RT-PCR of various cytokines was done. The bands
obtained in flagellin stimulated and control cells were used for
determining the relative mRNA levels of TNF-a, GM-CSF and iNOS
semi-quantitatively as shown in Figure 4
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Flagellin treated wells
Control wells

0.8

0.6

Relative mRNA expression levels
5

0.4

0.2

TNF-a GM-CSF iNOS
Cytokines

Figure 4. Relative gene expression analysis of TNF-a and GM-CSF based
on the density of various electrophoretic bands for Figure 3 by using band
leader 3.0. The expression levels were evaluated by taking the data of
GAPDH bands as the background. TNF-a showed highest mRNA levels.

are structurally or functionally crucial for survival,
growth and/or development of the microorganisms
(13, 16). In general, flagellin is mostly associated
with Gram-negative bacteria and is required for
motility, attachment to host cells, pathogenesis and
virulence of bacteria. In particular, the flagellin of
Salmonella is associated with virulence and immune
responses. Flagellin, either in its native or truncated
recombinant forms has been successfully used for
the diagnosis of Salmonellosis in human beings and
also production of monoclonal antibodies (20, 24).
Besides, flagellin is a potent and safe adjuvant in
inducing early, robust and broad-spectrum immune
responses. Owing to its immune augment activity,
the present investigation was conceptualised
to produce purified form of recombinant whole
flagellin of S. Typhimurium in prokaryotic system and
characterise for its functionality. This will be useful
in exploring its diagnostic, ligand and adjuvant
activities in the near future in our laboratory.

In the present study, full length fliC gene was
expressed in E. coli. Expression of such exogenous
proteins in E. coli have aplenty of deleterious effects
on the host cell due to over expressed recombinant
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protein or its inclusion bodies. This in turn, inhibits
the growth of bacteria (7). In order to overcome these
problemsinthis study, the host cell, E. coliwere grown
at 30°C. Upon studying the expression kinetics, it
was found that the maximum fliC was expressed
6 h post IPTG induction. Furthermore, most of the
expressed protein was in the soluble form even
after purification, a requirement in eliciting immune
response. The authenticity of the recombinant-fliC
protein was confirmed by immune-blotting with
anti-fliC MAb of S. Typhimurium and anti-sera raised
againstiit.

Flagellin is known for its innate immune agonist
activity and it binds to TLR5 receptor (3, 10, 16).
Flagellin stimulates the secretion of inflammatory
cytokines like TNF-a and GM-CSF. The other
additional advantage of fliC is that, contrary to LPS,
it does not induce shock (26). This unique feature
makes fliC a better adjuvant for vaccines than other
adjuvants. Because of this property, fliC has been
used with many vaccine preparations to augment
the immune responses delivered through different
routes (6, 12, 17, 23). Further, the recombinant-fliC
was tested for its increased pro-inflammatory
activity in terms of expression of TNF-a and GM-CSF
genes in PBMCs in vitro. The relative expression
levels of these mediators were quantified
semi-quantitatively by RT-PCR, which revealed that
the most prominent change was on TNF-a. GM-CSF
and that TNF-a have pleiotropic effects and induce
general immune stimulation in vivo. TNF-a is a key
moleculein coordinating the inflammatory response
and activation of cytokine cascade while GM-CSF
is responsible for proliferation and maturation
of neutrophils, macrophages and dendritic cells
(14, 18). In conclusion, the recombinant-fliC is
immunogenic in guinea pig and known to induce
pro-inflammatory cytokines. In the near future
the expressed fliC will be explored for its various
adjuvant and TLR ligand activities, particularly with
FMD vaccine preparations, at the authors’laboratory.
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