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A B S T R A C T

Flagellin is the subunit protein that composes bacterial flagella and is recognized by toll-like receptor 5 (TLR5) as
a ligand. Flagellin protein (e.g., FliC and FlaA) contains the D1, D2, and D3 domains; the D1 domain is important
for recognition by TLR5 for activation of the innate immune system. In teleosts, there are two types of TLR5, the
membrane form (TLR5M) and soluble form (TLR5S), the latter of which is not present in mammals. In this study,
the potential of flagellin from Edwardsiella tarda (EtFliC) to induce inflammation-related genes interleukin (IL)-
1β and NF-κB-p65 through TLR5S in Japanese flounder (Paralichthys olivaceus) was elucidated. A transient
overexpression system was developed in flounder natural embryonic (HINAE) cells using constructs encoding
two flagellin genes derived from E. tarda (pEtFliC) and Escherichia coli (pEcoFliC) and the flounder TLR5S gene
(pPoTLR5S). Expression of inflammation-related genes in EtFliC- and PoTLR5S-overexpressing HINAE cells was
significantly lower than in EcoFliC- and PoTLR5S-overexpressing cells. To clarify the difference between EtFliC
and EcoFliC potency, the amino acid sequence of EtFliC was compared with that of other bacterial flagellin. The
91st arginine residue, known as the mammalian TLR5 activation site, was conserved in the flagellin of E. coli and
other bacteria but not in EtFliC. To reveal the importance of the 91st arginine residue in FliC, a pEtFliC construct
in which the 91st asparagine was mutated to arginine (pEtFliC_N91R) was generated. Expression of the IL-1β and
NF-κB-p65 genes in the HINAE cells co-transfected with pEtFliC_N91R and pPoTLR5S was significantly higher
than that in cells co-transfected with pEtFliC and pPoTLR5S. The results suggested that the 91st arginine residue
of bacterial flagellin is involved in inflammatory response through TLR5S in teleosts. Thus, EtFliC improved by
site-directed mutagenesis could be an effective adjuvant against E. tarda infection in Japanese flounder.

1. Introduction

Edwardsiella tarda is a Gram-negative bacterium and the causative
agent of edwardsiellosis, which causes serious damage in cultivated
Japanese flounder (also known as bastard halibut, Paralichthys oliva-
ceus). This pathogen is known as an intracellular bacterium [1,2], and
countermeasures against this bacterium are still insufficient. Therefore,
the development of an adjuvant that enhances the effect of the vaccine
and eliminates the pathogen before intracellular parasitization is
needed.

Flagellin, which is important for the motility and pathogenicity of
many bacteria, composes flagella fibers along with other bacterial

flagellar constituent proteins [3]. As a virulence factor, flagellin is
known to promote the invasion of intracellular bacteria in host cells
[4,5]. In host defense against bacterial invasion, flagellin is recognized
by particular pattern recognition receptors known as toll-like receptors
(TLRs) as pathogen-associated molecular patterns (PAMPs) [6]. TLRs
typically consist of an extracellular leucine-rich repeat (LRR) domain,
transmembrane domain, and intracellular toll/interleukin-1 receptor
(TIR) domain [7]; the extracellular LRR domain in particular is im-
portant for recognition of ligand [8,9]. In mammals, all TLRs have a
transmembrane and TIR domain [10]. However, the soluble form of
TLR5 (TLR5S), which contains only the extracellular LRR domain, ex-
ists in some teleosts [11–16]. In mammals, flagellin binding to the
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extracellular LRR domain of TLR5 results in activation of the myeloid
differentiation primary response gene 88 (MyD88) signaling pathway
and nuclear factor-κB (NF-κB) [6]. It was also demonstrated that TLR5S
promotes flagellin-mediated NF-κB activity in teleosts [11,17].

Flagellin is composed of four domains known as D0, D1, D2, and D3
based on the conformation of the protein. The D0 and D1 domains are
highly conserved among bacterial species and formed by an α-helix
structure in the N- and C-terminal regions, whereas the D2 and D3
domains are highly diverse [18,19]. The D1 domain is important for
recognition by TLR5 and activation of the innate immune response
[20–23]. In particular, the 90th arginine residue in flagellin derived
from Salmonella typhimurium is critical for induction of TLR5 expression
in mouse [8]. The 89th arginine residue in flagellin from Bacillus subtilis
binds to the 9th LRR of the membrane form of TLR5 (TLR5M) in zeb-
rafish (Danio rerio) [9,24], whereby NF-κB is most strongly activated. In
addition, in human and cattle, the amount of secreted CXCL8 down-
stream of the TLR5 signaling pathway varies depending on the type of
bacteria from which the flagellin is derived [25]. However, the acti-
vation site of the flagellin derived from fish with bacterial infection has
not yet been studied, and the pathogen recognition mechanism in fish is
unknown. In this study, to understand the potential of E. tarda flagellin
to induce inflammation-related genes mediated by Japanese flounder
TLR5S, we conducted transient overexpression experiments in the Ja-
panese flounder embryonic cell line with DNA constructs encoding FliC
composing an E. tarda flagellin and TLR5S. Because TLR5S is a pattern-
recognition receptor important for activation of innate immunity, this
study may provide insight into the use of E. tarda FliC (EtFliC) in the
prevention of edwardsiellosis.

2. Materials and methods

2.1. Bacterial strains and sequence analysis

Edwardsiella tarda OA-3 isolated from diseased Japanese flounder
was grown in brain-heart infusion (BHI) medium (Becton, Dickinson
and Company, USA) at 25 °C. Escherichia coli DH5α was cultured in
Luria-Bertani (LB) broth at 37 °C.

The coding regions of the EtFliC and E. coli FliC (EcoFliC) genes
were amplified from genomic DNA extracted from E. tarda OA-3 and E.
coli DH5α by polymerase chain reaction (PCR) using KAPA HiFi
HotStart Ready Mix (NIPPON Genetics Co, Ltd, Japan). The primers,
which were designed based on the nucleotide sequences of E. tarda
TX01 and E. coli K-12 (GenBank accession nos. AB375858 and
NC_000913, respectively), are shown in Table 1. PCR was performed for
35 cycles with the following conditions: 5 min at 95 °C, 20 s at 98 °C,
15 s at 56 °C, 1.5 min at 72 °C, and 5min at 72 °C. The PCR products
were subcloned into pGEM-T Easy vector (Promega, USA), and the
nucleotide sequences of the cloned genes in the vector plasmids (pGE-
M_EtFliC and pGEM_EcoFliC) were confirmed by DNA sequencing. A
domain search was performed with the conserved domain search pro-
gram of NCBI (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.
cgi). The amino acid sequences were aligned with BioEdit v7 (http://
www.mbio.ncsu.edu/BioEdit/bioedit.html), and the phylogenetic ana-
lysis was performed using MEGA7 (http://www.megasoftware.net/).
The accession numbers of all amino acid sequences analyzed in this
study are indicated in Supplementary Table 1. The three-dimensional
(3D) structure of the flagellin protein was predicted by SWISS-MODEL
(https://swissmodel.expasy.org/).

2.2. Plasmid DNA construction

The coding regions of Japanese flounder TLR5S (PoTLR5S) and
PoTLR5M cDNA were obtained by PCR of Japanese flounder PBLs cDNA
using KAPA HiFi HotStart Ready Mix and the primers shown in Table 1.
PCR was performed for 40 cycles with the following conditions:
5 min at 95 °C, 20 s at 98 °C, 15 s at 56 °C, 2.5min at 72 °C, and 5min at

72 °C. The PCR product was subcloned into the pGEM-T Easy vector,
and the nucleotide sequences of the cloned genes were confirmed by
DNA sequencing.

Plasmid mutated at N91 to R91 in EtFliC (pEtFliC_N91R) was con-
structed with the PrimeSTAR® Mutagenesis Basal Kit (Takara, Japan)
using the primers shown in Table 1. PCR was performed for 30 cycles
with the following conditions: 10 s at 98 °C, 15 s at 55 °C, and 10 s at
72 °C. The pGEM plasmid constructs including pGEM_EtFliC, pGEM_E-
coFliC, pGEM_PoTLR5S, and pGEM_EtFliC_N91R were used as DNA
templates for the following expression vector constructs. The open
reading frames (ORFs) of PoTLR5S, EtFliC, and EcoFliC were amplified
by PCR, following which the PCR products were digested with a set of
two restriction enzymes (i.e., EcoRI/XhoI or EcoRI/NotI) and ligated
into pcDNA4-HisMaxA vector (Promega). The plasmid DNA including
pEtFliC, pEcoFliC, pPoTLR5S, and pEtFliC_N91R was purified using the
PureLink™ HiPure Plasmid Maxiprep Kit (Thermo Fisher Scientific,
USA) for transfection.

2.3. Cell line and transfection

Hirame natural embryo (HINAE) cells derived from a Japanese
flounder embryo [26] were maintained in Leibovitz's L-15 medium
(Thermo Fisher Scientific) supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher Scientific) and 1% penicillin/streptomycin
(Thermo Fisher Scientific). Prior to transfection, HINAE cells were pre-
cultured in 24-well plates (5×105 cells/well) at 20 °C. The HINAE cells
were washed with phosphate-buffered saline (PBS) and cultured with
Opti-MEM (Gibco, USA). Transfection was performed with Lipofecta-
mine 3000 reagent (Invitrogen, USA) according to the manufacturer's
instructions. Equimolar amounts of flagellin gene expression vector
(0.71M of pcDNA4-Empty, pEtFliC, pEcoFliC, or pEtFliC_N91R) and
PoTLR5 expression vector (0.71M of pcDNA4-Empty, pPoTLR5S, or
PoTLR5M), 1.5 μl of Lipofectamine 3000 reagent, and 1 μl of P3000
reagent were mixed with 50 μl of Opti-MEM. The DNA mixtures were
transfected into HINAE cells in 450 μl of Opti-MEM and then incubated
at 20 °C for 4 h. After the incubation, the Opti-MEM replaced to the
cultured medium and cultured at 20 °C for 24 h.

2.4. Total RNA extraction, cDNA synthesis, and quantitative real-time PCR
(qPCR)

For gene expression analysis, total RNA was extracted with RNAiso
Plus (Takara) according to the manufacturer's instructions. All RNA
samples were quantitatively and qualitatively measured with the ND-
1000 NanoDrop spectrometer (Thermo Fisher Scientific). The extracted
total RNA was used for cDNA synthesis via reverse transcription using
ReverTra Ace qPCR RT Master Mix with gDNA Remover (TOYOBO Co.,
LTD., Japan).

Quantitative real-time PCR (qPCR) was performed in duplicate
using Brilliant III Ultra-Fast SYBR Green QPCR Master Mix (Agilent
Technologies, USA) and the primers shown in Table 1. Each 15 μl re-
action contained 3 μl of diluted cDNA template, 7.5 μl of Brilliant III
Ultra-Fast SYBR Green QPCR Master Mix (2×), and 1.5 μl of forward
and reverse primers (5 μM). Thermocycling was conducted for 45 cycles
with the following conditions: 3 min at 95 °C, 15 s at 95 °C, and 45 s at
60 °C. The comparative threshold cycle (CT) method (2−ΔΔCT method)
[27] was used to analyze the relative expression level of the target
mRNAs, with the flounder β-actin gene as an internal reference. All
primer sets used in the current study are listed in Table 1. Values are
presented as the mean ± standard errors of the mean (SEMs) of four
individual experiments. The statistical p-values were calculated by
Student's t-test.
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3. Results

3.1. Induction of inflammation-related genes by overexpression of PoTLR5S
and EtFliC in HINAE cells

First, to confirm whether EtFliC and EcoFliC induce inflammation-
related gene expression via PoTLR5M, whose structure is similar to that
of mammalian TLR5, expression of inflammation-related genes in
HINAE cells co-transfected with EtFliC, EcoFliC, and PoTLR5M was
analyzed by qPCR (Fig. 1A and B). The expression of the interleukin
(IL)-1β and NF-κB-p65 genes in both EtFliC- and EcoFliC-over-
expressing HINAE cells was higher than in those transfected with empty
vector. Moreover, the expression of the IL-1β gene in both FliC- and
PoTLR5M-overexpressing cells was significantly higher than in FliC-
overexpressing cells. Furthermore, the expression levels of the IL-1β
and NF-κB-p65 genes in EcoFliC-overexpressing cells were significantly
higher than those in EtFliC-overexpressing cells (Fig. 1A and B).

In EtFliC- and/or PoTLR5S-overexpressing cells, expression of the
IL-1β and NF-κB-p65 genes also increased compared with that in
EcoFliC- and/or PoTLR5S-overexpressing cells (Fig. 1C and D). The
EtFliC- or EcoFliC-expressing cells tended to induce IL-1β and NF-κB-
p65 gene expression (Fig. 1C and D). Moreover, the expression level of
the IL-1β and p65 genes in EcoFliC- and PoTLR5S-overexpressing cells
was significantly higher than in EtFliC- and PoTLR5S-overexpressing
cells (Fig. 1C and D). Furthermore, in cells overexpressing PoTLR5S
only, gene expression of IL-1β significantly increased (Fig. 1C). The
overexpression of all genes (i.e., PoTLR5M, PoTLR5S, EtFliC, and
EcoFliC) was confirmed in the transfected HINAE cells (Supplementary
Fig. 1).

3.2. Characterization of E. tarda FliC

The FliC gene derived from E. tarda OA-3 (GenBank accession
number LC427229) contains a 1251-bp coding region encoding 417
amino acid residues. The deduced amino acid sequence contains N- and
C-terminal helical regions of the D1 domain (located at positions
45–140 and 330–369) (Fig. 2A). Alignment of EtFliC and other known
bacterial flagellin amino acid sequences revealed that the N- and C-
terminal helical regions and some TLR5 activation sites were highly
conserved (Fig. 2A). Twenty-six among 31 amino acids identified as
important residues for flagellin recognition [9] were highly conserved
in EtFliC (highlighted in black, Fig. 2A). However, R91, which is the
most important residue for flagellin-TLR5S binding sites to activate
immune responses, was not conserved. The full-length EtFliC amino
acid sequence shared 30–51.6% identity with the flagellin of other
bacteria, and the N- and C- terminal helical regions had higher iden-
tities of 49.1–78.7% (Supplementary Table 2). In the phylogenetic tree,
EtFliC clustered within the cradle of the FliC group, including Salmo-
nella FliC, Escherichia FliC, and Yersinia FliC (Fig. 2B). To compare the
3D structures of the EtFliC, EtFliC_N91R, and EcoFliC D1 domains, the
3D structures were predicted based on Salmonella flagellin [18,28–30].
The protein structures were similar (Fig. 3B–D), but the structures of
the D2 and D3 domains in EtFliC were different from those of EcoFliC
(Fig. 3B and D).

3.3. Contribution of E. tarda flagellin R91 to IL-1β gene induction

To understand the potential role of the 91st residue in FliC, N91 to
R91 of pEtFliC was mutated in pEtFliC_N91R by site-directed muta-
genesis (Fig. 3A). The constructs were transfected into HINAE cells, and
the response of IL-1β and NF-κB-p65 gene expression was evaluated.
The overexpression of all genes (i.e., PoTLR5S, EtFliC, and

Table 1
Oligonucleotide sequences used in this study

Name Primer # Sequences (5' - 3') Mer

Primers for cloning into pGEM-T Easy vector:
EtFliC-F1 P#900 ATGGCACAAGTAATTAATACCA 22
EtFliC-R1 P#901 TTAACGCAGCAGAGACAG 18
EcoFliC-F1 P#1090 GGATAACGAATCATGGCACA 20
EcoFliC-R1 P#1091 TTAACCCTGCAGCAGAGAC 19
PoTLR5S-F2 P#930 ATGTGGAGGCTGTTTCTCCA 20
PoTLR5S-R3 P#933 TTACTCCTGTGTGACTTGAGC 21
PoTLR5M-F2 P#921 ATGTGGACACTGGCCCCT 18
PoTLR5M-R3 P#924 TCACATGGCAACAGCTCTG 19
Primers for cloning into pcDNA4-HisMaxA vector:
EtFliC-EcoRI-F1 P#947 TGAATTCATGGCACAAGTAATTAATACCA 28
EtFliC-XhoI-R2 P#1045 GTACTCGAGTTAACGCAGCAGAGACAG 27
EcoFliC-EcoRI-F1 P#1112 GCCGAATTCGATAACGAATCATGGCACA 28
EcoFliC-XhoI-R1 P#1113 ATTCTCGAGTTAACCCTGCAGCAGAGAC 28
PoTLR5S-EcoRI-F1 P#934 GCTGAATTCTGTGGAGGCTGTTTCTCCAG 29
PoTLR5S-NotI-R2 P#1044 CTTGCGGCCGCTTACTCCTGTGTGACTTGA 30
PoTLR5M-EcoRI-F2 P#1055 CATGAATTCCAGCATGTGGACACTGGC 27
PoTLR5M-XhoI-R2 P#1056 ATACTCGAGTCCATGGCAACAGCTCTG 28
Primers for site-directed mutagenesis:
EtFliC-mut-F1 P#1129 CTGCAGCGTATCCGTCGTACCGTACAG 27
EtFliC-mut-R2 P#1159 ACGGATACGCTGCAGGTTGTCGTTGAC 27
Primers for qPCR analyses:
PoIL-1β_rt_F3 P#1174 CCTCCTCTCCACTGACTACCA 21
PoIL-1β_rt_R3 P#1175 CTCCACATCTGGCTCACGTT 20
PoNF-κB-p65_rt_F1 P#814 AAGCACAGCACGGAGAACAGT 21
PoNF-κB-p65_rt_R1 P#815 GCAACTTGCGCGTTCATAGA 20
PoTLR5S_rt_F1 P#1143 ATCTGTGTGTTCCTGCAGATG 21
PoTLR5S_rt_R1 P#1144 TGGAGTTAATCTCCCCGATG 20
EtFliC_rt_F1 P#1141 GCTGAACGAAGTCAACGACA 20
EtFliC_rt_R1 P#1142 AGTCGGTCTGCTGGGAGATA 20
EcoFliC_rt_F1 P#1139 TTGGCCTTGATGGTTTTAGC 20
EcoFliC_rt_R1 P#1140 AGTGGCTGCTTCCGTAGAAA 20
Poβ-actin_rt_F1 P#1147 CTGGACTTCGAGCAGGAGAT 20
Poβ-actin_rt_R1 P#1148 TTCCACAGGACTCCATACCG 20
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EtFliC_N91R) was confirmed in the transfected HINAE cells
(Supplementary Fig. 2). The expression levels of the IL-1β and NF-κB-
p65 genes in EtFliC_N91R-overexpressing cells were significantly higher
than in EtFliC-overexpressing cells (Fig. 4A and B). Moreover, the ex-
pression level of the NF-κB-p65 gene was significantly increased in the
EtFliC_N91R- and PoTLR5S-overexpressing cells compared with that in
EtFliC- and PoTLR5S-overexpressing cells (Fig. 4B). The expression of
the IL-1β gene in EtFliC_N91R- and PoTLR5S-overexpressing cells was
also increased compared with that in EtFliC- and PoTLR5S-over-
expressing cells (Fig. 4A).

4. Discussion

In this study, we focused on the potential of E. tarda FliC to activate
innate immune response via TLR5 in Japanese flounder. In fish, there
are two types of TLR5: TLR5S and TLR5M. TLR5M is similar to mam-
malian TLR5, containing an extracellular LRR domain, transmembrane
region, and TIR domain [11,12,14]. However, Cyprinidae harbor two
types of TLR5M known as TLR5a and TLR5b [31]. In mammals, both
gram-negative and -positive bacterial flagellins activate and are re-
cognized by TLR5M and activate the NF-κB signaling pathway to induce
production of inflammatory cytokines [6,32]. The results in Fig. 1A and
B showed that EtFliC and EcoFliC induced IL-1β and NF-κB-p65 through
Japanese flounder TLR5M. In a previous study, Salmonella enterica fla-
gellin stimulation strongly induced TLR5S gene expression in Japanese

flounder liver cells, and the expression of the IL-1β and IL-6 genes was
subsequently induced in the flounder liver cells and PBLs [12]. More-
over, the rainbow trout TLR5S promotes flagellin-mediated NF-κB ac-
tivity [11,17]. The results in Fig. 1C and D demonstrated that both
TLR5S and bacterial flagellin are required to induce IL-1β and NF-κB-
p65 gene expression. Therefore, it was considered that Japanese
flounder TLR5S enhanced inflammation mediated by induction of pro-
inflammatory cytokine expression.

In EtFliC, the D1 domain, which is important for recognition by
TLR5, is highly conserved. The EtFliC D1 domain showed higher
identities of 49–79% with those of other bacteria (Supplementary
Table 2), and the 3D structure of the EtFliC D1 domain predicted by
SWISS-MODEL was quite similar to that of EcoFliC (Fig. 3B–D). How-
ever, the amino acid residue at the TLR5 activation site was N91 instead
of R91 as in other bacteria (Figs. 2A and 3A). Moreover, the expression
of the IL-1β and NF-κB-p65 genes in EtFliC- and PoTLR5S-over-
expressing HINAE cells was lower than in EcoFliC- and PoTLR5S-
overepxressing cells (Fig. 1C and D). It was previously demonstrated
that R89 in H7 flagellin derived from E. coli O175, which corresponds to
N91 of EtFliC, is important for motility of E. coli O175 [33]. In addition,
the amino acid residues R90, Q97, and E114 in H7 flagellin and those of
R90, Q97 and E114 in Salmonella flagellin (i.e., those of R91, Q98 and
E116 in EtFliC) play a key role in effective flagellin-TLR5 binding and
signaling in zebrafish and mammals [9,25]. Furthermore, the three
amino acid residues in B. subtilis flagellin were defined as a hot spot for

Fig. 1. Expression of inflammation-related genes (IL-1β and NF-κB-p65) in HINAE cells transfected with expression vectors of two flagellins (EtFliC and EcoFliC) and
two types of TLR5 (PoTLR5M and PoTLR5S). The expression of the IL-1β (A and C) and NF-κB-p65 (B and D) genes in HINAE cells transfected with pEtFliC, pEcoFliC,
and pPoTLR5M (A and B) or pPoTLR5S (C and D). Expression levels of all genes were normalized with β-actin and shown as fold increase values relative to the empty
vector control. Error bars indicate mean ± SEMs (n = 4, *p < 0.05, **p < 0.01).
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Fig. 2. Comparison of the deduced amino acid sequences of flagellin from E. tarda and other known bacterial species. (A) Multiple sequence alignment of EtFliC and
other bacterial flagellins. The D1 domains that consist of N- and C-terminal α-helix regions are highlighted in gray, and the amino acids bound to TLR5 are
highlighted in black [9]. The arrow shows the position of the 91st arginine residue related to TLR5 activation. (B) Phylogenetic relationship of EtFliC with flagellin of
other bacterial species.
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TLR5 activation [24]. Moreover, these three hot spot residues are not
conserved in Campylobacter jejuni, Helicobacter pylori, and Bartonella
bacilliformis flagellins, which are known as TLR5 non-activators
[24,34–36]. In EtFliC, the residues of Q98 and E116 were conserved,
whereas R91 was not conserved (Figs. 2A and 3A), and mutation ex-
periments using pEtFliC_N91R expression vector demonstrated that the
expression level of both the IL-1β and NF-κB-p65 genes increased in
EtFliC_N91R-overexpressing HINAE cells compared with that in cells
overexpressing wild-type EtFliC (Fig. 4). Therefore, the results sug-
gested that the 91st residue in EtFliC is important for induction of IL-1β
and NF-κB-p65 gene expression via PoTLR5S. This may explain why the
potential of EtFliC to activate the innate immune response via TLR5 in
Japanese flounder is lower than that of EcoFliC.

In mammals, flagellin is known as an activator involved in innate
and adaptive immunity and has been demonstrated to be an effective
adjuvant [37,38]. EtFliC could function as both a ligand of TLR5 and an
antigen in fish [39,40]; however, recombinant EtFliC showed no ap-
parent immunoprotectivity [39]. The results of this study suggested
that EtFliC improved by site-directed mutagenesis could be an effective

Fig. 3. The predicted three-dimensional structure of flagellin protein. (A) The
amino acids bound to TLR5 are indicated in bold letters, and the arrow shows
the position of the 91st arginine residue (R91) related to TLR5 activation. Based
on pGEM_EtFliC plasmid, the triplet codon of “AAC” encoding asparagine (N91)
in EtFliC was mutated to “CGT” encoding arginine (R91). The structures of
EtFliC (B), EtFliC_N91R (C), and EcoFliC (D) were predicted by SWISS-MODEL.

Fig. 4. Expression of inflammation-related genes in HINAE cells transfected
with the expression vectors of EtFliC, EtFliC_N91R, and PoTLR5S. The expres-
sion of the IL-1β (A) and NF-κB-p65 (B) genes in HINAE cells transfected with
pEtFliC, pEcoFliC, and/or pPoTLR5S. Expression levels of all genes were nor-
malized with β-actin and shown as fold increase values relative to the empty
vector control. Error bars indicate mean ± SEMs (n = 4, *p < 0.05,
**p < 0.01).
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adjuvant against E. tarda infection, considering in vivo further experi-
ments in Japanese founder next.
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