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Abstract Toll-like receptors (TLRs) are one of the key
components of innate or non-specific immunity. Among
various types of TLRs, TLR3 recognizes dsRNA, the genetic
material or replicative intermediate of many RNA viruses
and triggers TIR-domain-containing adapter-inducing
interferon-§ dependent signalling pathway to induce type I
interferon (IFN) and pro-inflammatory cytokines. In this
study, we cloned and characterized full-length TLR3 cDNA
in rohu (Labeo rohita), that comprised of 2,619 bp nucleo-
tides encoding a putative protein of 873 amino acid with the
estimated molecular mass of 98.57 kDa. The constitutive
expression of TLR3 gene was detected in all embryonic
developmental stages and in various organs/tissues of rohu
fingerlings. In vivo tissue specific modulation of TLR3, type
I IFN, Mx (myxovirus-resistant protein) and pro-inflamma-
tory cytokines (TNF-o and IL-1f) gene expression were
analysed by quantitative real-time PCR following intrave-
nous injection of polyinosinic-polycytidylic acid (poly I:C),
a synthetic analogue of viral dsRNA. A significant rela-
tionship of TLR3 induction, and type I IFN, Mx, IL-1f and
TNF-o gene expression were observed in majority of the
treated fish tissues, as compared to their control. Together,
these data highlight the important role of TLR3 in recog-
nizing dsRNA, and in augmenting the innate immunity in
fish in response to viral infections.
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Introduction

Innate or non-specific immunity is an evolutionary ancient
part of the defense mechanism in all multi-cellular organ-
isms [1]. It is the first line of defense against infection and
is regarded as the primeval and hence the universal form of
host defense [2]. A major component of the innate immune
system is contributed by the pattern-recognizing receptors
(PRRs) that recognize conserved microbial structures like
peptidoglycan (PGN), lipoteichoic acid (LTA), zymosan,
flagellin, lipopolysaccharides (LPS), lipoproteins, heat
shock protein (hsp), CpG-DNA, and nucleic acids of the
micro-organisms (pathogen/microbes-associated molecular
patterns, PAMPs/MAMPs) [3]. The various types of PRRs,
notably toll-like receptors (TLRs), NOD-like receptors
(NLRs) and RIG-I like receptors (RLRs) which are mostly
expressed on the cell surface, in intracellular compart-
ments, or secreted into the blood stream and tissue fluids
recognize different PAMPs and activates their signaling
cascades to induce innate immunity [4].

Toll-like receptors (TLRs) are the type I trans-membrane
proteins having an N-terminal ectodomain (ECD), a single
trans-membrane domain (TM), and a C-terminal cytoplas-
mic TIR (Toll/IL-1) domain [5, 6]. Depending upon their
primary sequence similarity and types of ligands (PAMPs)
recognition, TLRs are grouped into six major families viz,
TLR1, TLR3, TLR4, TLRS, TLR7 and TLR11 [7]. TLR3isa
member of the TLR family that plays an essential role in
inducing the innate immune response against viral infections
by recognizing the double-stranded RNA (dsRNA). The
dsRNA is the molecular signature in many viruses that are
produced either as an intermediate of the viral replication or
as part of the viral RNA genome, secreted by the necrotic
cells, generated by in vitro transcription, or mimicked by
synthetic polyinosinic-polycytidylic acid (poly I:C) [8]. In
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TLR3, the leucine rich repeat (LRR) region recognizes
dsRNA, and upon recognition and binding, the adaptor
protein TRIF (TIR-domain-containing adapter-inducing
interferon-f3) is recruited to the TIR domain in TLR3 [9-11].
In one hand, TRIF interacts with RIP1 (receptor-interacting
proteinl) and activates NF-kB to induce pro-inflammatory
cytokines [12]. On the other hand, TRIF activates TANK
(TRAF-family member associated NF-«xB activator) binding
kinasel (TBK1 also known as NAK or T2K) through
TRAF6. TBK1 activation leads to the phosphorylation of
IRF3 and IRF7, enabling the formation of their homodimer,
translocation into the nucleus, binding to the respective
motifs on the DNA resulting in the induction of type I IFNs
(IFN-a/p).

The identification of TLR3 and elucidation of its dsSRNA
ligand recognition profile and signaling in mammalian spe-
cies [12, 13] have been followed by identification and char-
acterization of homologs in several teleost species, including
zebrafish (Danio rerio) [14-16], fugu (Takifugu rubripes)
[10] channel catfish and hybrid catfish (Ictalurus sp.)
[17-19], rainbow trout (Oncorhynchus mykiss) [20], rare
minnow (Gobiocypris rarus) [21], grass carp (Ctenophar-
yngodon idella) [22], common carp (Cyprinus carpio) [23],
large yellow croaker (Pseudosciaena crocea) [24] and Jap-
anese flounder (Paralichthys olivaceus) [25].

The modulation of TLR3 gene expression was previ-
ously been reported in zebrafish [26] following infection
with viral haemorrhagic septicemia virus (VHSV), a single
stranded RNA (ssRNA) virus, and in grass carp, by the
grass carp reovirus (GCRV), a dsRNA virus. The poly-
morphism and haplotype of TLR3 gene in grass carp was
reported to be associated with the susceptibility or resis-
tance to GCRYV infection [27]. In rohu and other cyprinid
fish, spring viremia of carp (SVC) is a fatal viral disease
caused by the spring viremia of carp virus (SVCV), a linear
ssSRNA virus [28, 29]. The polyinosinic: polycytidylic acid
(poly I:C) is a chemically synthesized dsRNA, with one
strand having a polymer of inosinic acid and the other a
polymer of cytidylic acid. It mimics the structure of viral
dsRNA and functions as a ligand of TLR3 [12]. Treatment
with poly I:C was shown to induce the anti-viral activity in
salmon [30] and protection against VHSV infection in
Japanese flounder [31]. These data together, highlighted
the important role of TLR3 in fish.

The fish production in India is the third largest in the world
[32], and among the freshwater cultured fish species, rohu
(Labeo rohita) is the most commercially important and
highly favored fish species. Innate immunity contributed by
various PRRs play the pivotal role in protecting fish, and
TLR3 is one of them. In spite of being the most important fish
species in the Indian sub-continent, there is no information
on TLR3 in rohu. Therefore, this work was undertaken to
clone and characterize TLR3 in rohu, and to postulate its role
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during viral infections by studying its property following the
administration of poly I:C, a synthetic dSRNA which is likely
to mimic the dsRNA like structure of GCRV, VHSV and
SVCV. Here we report the full-length cDNA sequence of
rohu TLR3 (rTLR3), its in vivo mRNA expression kinetics
and down-stream signaling cascades in response to poly I:C
treatment.

Materials and methods
Fish

Rohu (L. rohita) weighing ~50 g, was obtained from the
Central Institute of Freshwater Aquaculture (CIFA), and
was stocked in 5001 aerated tanks (water temperature
25-28 °C; pH 7.4-7.6) with each tank containing 50 fish.
During acclimatization for 3-weeks, the fishes were fed
twice a day with commercial carp diet with daily two-third
water exchange.

Cloning of rohu TLR3 (rTLR3)

To clone rTLR3, total RNA was extracted from gill and
cDNA was prepared following the protocol as described
later. For PCR amplification of TLR3 gene, TLR3-FW and
RV primers (Table 1a) were designed based on the
nucleotide sequences of the conserved regions of common
carp (DQ885910.1), grass carp (DQ864497.1) and zebra-
fish (AY616582.1) TLR3 gene. PCR was carried out in a
50 pl reaction volume, utilizing 1 pl of the cDNA as a
template under the following conditions: one cycle of ini-
tial denaturation at 94 °C for 2 min, 45 cycles of 94 °C for
30 s, 50 °C for 30 s, 72 °C for 1 min and a final extension
at 72 °C for 5 min. In a 2 % agarose gel, 10 pl of the PCR
product was analyzed, and from the single specific band,
DNA was purified with agarose gel DNA extraction kit
(Roche, Germany). The eluted DNA was cloned in pPGEM-T
Easy vector (Promega, Madison, USA) and both strand
DNA sequencing was carried out with T7 and SP6 primer
following Sanger sequencing protocol in 96 capillary high
through put sequencer, ABI 3730 XL (Xcelris Labs Ltd,
Ahmedabad, India). The obtained DNA sequence was
confirmed as partial cDNA of rTLR3 by BLAST search [33]
and was submitted to the GenBank (GU248414.1). To
obtain the full-length rTLR3 ¢DNA sequence, 5’ and 3’
RACE (rapid amplification of cDNA ends) were carried out
using the SMARTer RACE cDNA amplification kit
(Clontech, USA). The rTLR3 gene specific forward (TLR3-
GSP-FW-3') and reverse (TLR3-GSP-RV-5') primers were
designed from the partial rTLR3 cDNA sequence
(GU248414.1). Touchdown-PCR was carried out for 3’ and
5" RACE using TLR3-GSP-FW-3'/UPM and TLR3-GSP-
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Table 1 Primers, their sequence and their application in this study
Primer Sequences (5" — 3') Application
(a) Primers used for PCR amplification and cloning of rTLR3
TLR3-FW GGAACCTGAAGACATTGGATTTG Cloning
TLR3-RV CCACCAGGGTTTGCCATTTTCCA
Universal primer mix (UPM) Long: CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT 5 and 3’ RACE
Short: CTAATACGACTCACTATAGGGC
Nested universal primer mix (NUP) AAGCAGTGGTATCAACGCAGAGT
TLR3-GSP-RV-5' CCAGCATTTAGATTTGCAATATTGTTAT 5" RACE
TLR3-NP-RV-5' GGTTGACAAGTGGCGTGAATGGAGAT
TLR3-GSP-FW-3' GCAGCTGAATGGAGATGAGTTAGAGGG 3’ RACE
TLR3-NP-FW-3' ACCAGCAAAGTATTTCCCTTACCAATAC
(b) Primers used for expression analysis
TLR3 FW GGTGGTCCAGTGATGTTCCTTAAG Real-time PCR
TLR3 RV GTTGGACGGATGTTATAAGGTTCT
Mx FW ACTCTCTCAGGTCATTAGGTGTT
Mx RV TTTTCTTCAGTTTCAGTACCA
IL-18 FW ACCCCACAAAACATCGGCCAACC
IL-18 RV TCTTCTCCATTTCCACCCTCTC
TNF-o FW CTCAACAAGTCTCAGAACAATCAGG
TNF-a RV TCCTGGTTCCTTCTCCAATCTAGCT
IFN-1 FW CGCTTGCAGATGGCTCGACAG
IFN-1 RV TGGCCTCTTTTGGTATGGGTCCT
p-actin FW AGACCACCTTCAACTCCATCATG
f-actin RV TCCGATCCAGACAGAGTATTTACGC

RV-5'/UPM primer sets (Table 1a) respectively under the
following conditions: one cycle of initial denaturation at
94 °C for 2 min, followed by five cycles of 94 °C/30 s,
72 °C/3 min; next five cycles 94 °C/30 s, 70 °C/30 s,
72 °C/3 min; next 27 cycles 94 °C/30 s, 68 °C/30 s, 72 °C/
3 min; and one cycle at 72 °C/5 min. Nested PCR for 3’ and
5’ RACE were performed using TLR3-NP-FW-3'/NUP for
3’ and TLR3-NP-RV-5/NUP for 5’ nested primer sets
(Table 1a). For nested PCR, 1 pl of primary RACE-PCR
product was used as a template with the following condi-
tions: initial one cycle of 94 °C/2 min, then 30 cycle of
94 °C/30 s, 68 °C/30 s and 72 °C/3 min followed by one
cycle of 72 °C/5S min. The PCR products were cloned in
pGEM-T Easy vector, sequenced and validated through
BLAST search and overlapping sequences from the frag-
ments were combined together to get the full-length cDNA
of rTLR3 and was submitted to the GenBank.

Analysis of 'TLR3 cDNA sequence

Various structural features such as LRR, trans-membrane
and TIR domains in rTLR3 were predicted using SMART
(http://smart.embl-heidelberg.de). The signal peptide was
predicted by SMART and SignalP 3.0 server [34], and the

percentages of similarity and identity of rTLR3 amino acids
with other species were calculated by MatGAT program
[35]. The phylogenetic tree of TLR3 among various species
was constructed by the neighbor-joining method of MEGA4
program [36], and the branches were validated by bootstrap
analysis from 1,000 replications using default parameter.

In vivo expression of rTLR3 gene

To investigate TLR3 gene expression during various
developmental stages of rohu, fertilized eggs were collected
from CIFA hatchery, and were maintained at ambient
temperature (28-29 °C) for embryogenesis. Periodical
observation was carried out under the inverted microscope
to identify various developmental stages from fertilized
eggs to hatchlings. At 0 h (fertilized egg), 4, 8, 12, 16, and
hatchings at 24 and 48 h, samples were collected separately
in TRIzol reagent. Total RNA was extracted and cDNA was
prepared using oligo-dT primer following the protocol as
described later. Quantitative real-time PCR (qQRT-PCR) was
carried out to analyze TLR3 and f-actin (internal control)
gene expressions among the samples.

To examine basal TLR3 expression, gill, liver, kidney,
spleen, intestine, skin, heart, brain, blood, muscle and eye
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were collected separately from three rohu fingerlings
(~50 g), total RNA was isolated from each sample and
cDNA was prepared following the protocol as described
later. The qRT-PCR was carried out to analyze rTLR3
expression, keeping f-actin as an internal control and the
mean value was graphically presented.

Poly I.C injection into the rohu fingerlings

Healthy rohu fingerlings (~ 50 g) were divided into control
and treated groups keeping three fish in each group. Puri-
fied poly I:C (Sigma, USA) was diluted in DEPC treated
water at 10 mg/ml, and 100 pl of DEPC-treated water
containing 300 pg of diluted poly I:C was injected through
intravenous (i.v.) route into three fish (the treated fish
group). The control fish group (three fish) was i.v. injected
with 100 pl of DEPC-treated water. After 4 h, control and
treated group of fish were sacrificed and tissues were col-
lected separately in TRIzol reagent, for RNA extraction.

RNA isolation and 1st strand cDNA synthesis

From the TRIzol treated samples, viz, gill, liver, kidney,
spleen, intestine, skin, heart, brain, blood, muscle and eye,
total RNA was extracted following the standard protocol
(Invitrogen, USA). The concentration of the total RNA was
measured by UV-spectrophotometer (Eppendorf, India)
and the integrity of the RNA was assessed by observing the
band intensity of 28 and 18S ribosomal RNA on 1 %
agarose gel. To prepare 1st strand cDNA, 1 ng of total
RNA was treated with 1 U of DNase I (MBI, Fermentas,
USA) and reverse transcription was carried out using oligo-
dT primer and RevertAid 1st strand cDNA synthesis kit
(MBI, Fermentas, USA). The confirmation of cDNA syn-
thesis was carried out with PCR-amplification of f-actin
gene and the synthesized cDNA was kept at —80 C till
further analysis.

Real-time PCR analysis

Quantitative real-time RT-PCR (qRT-PCR) of the target
genes: TLR3, TNF-o, IL-14, IFN-1, Mx and the reference
gene f-actin were carried out in 10 pl reaction volume,
containing 1.0 pl of cDNA, 0.25 pl of FW and RV primers
(2.5 M each; Table 1b), 5 pl of 2X lightCycler®480
SYBR Green I master mix (Roche, Germany) and 3.5 pl of
PCR grade H,O in LightCycler®480 Il-real time PCR
detection system (Roche, Germany). The qRT-PCR was
performed in triplicate wells under following conditions:
initial denaturation at 95 °C for 10 min followed by 45
cycles of 94 °C/10 s, 58 °C (for TLR3, IL-1f and f-actin)
or 51 °C (for TNF-o) or 62 °C (for Mx and IFN-1) for 10 s
and 72 °C/10 s. Negative control reaction was carried out
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without the template (cDNA). The PCR efficiencies were
determined by analyzing the serial dilutions of cDNA, and
efficiencies were almost 100 % allowing the use of 2~*A¢T
method [37] for calculation of relative gene expression of
the target genes TLR3, TNF-o, IL-1f, IFN-1, Mx with that
of reference gene, f-actin. The correct size and single band
amplification was determined by analyzing 8 pl of the real
time PCR products in ethidium bromide-stained 2 % aga-
rose gel. The relative expression ratios were obtained by
normalizing expression of the target gene, as determined by
mean crossing point (cp) deviation by that of a non-regu-
lated reference gene, f-actin following 2 **“T method.
The data obtained from qRT-PCR analysis was expressed
as mean of three individual experiments & standard error
(s.e.), and the significant difference between the control
and treated groups at each time point was determined by
the Student’s ¢ test using Microsoft Excel 2010 with
p < 0.05 as significance level.

Results
Cloning and characterization of TLR3 in rohu

The cDNA sequence encoding the open reading frame
(ORF) of rTLR3 was derived from the gill and was sub-
mitted to the GenBank (JN886779). The ORF consisted of
2,619 bp nucleotides that encoded a putative 873 amino
acid (aa) residue with an estimated molecular mass of
98.57 kDa. The secondary structure prediction by SMART
revealed the presence of signal peptide (1-22 aa), LRR
regions (53-698 aa), trans-membrane (TM) domain
(707-729 aa) and the TIR domain (757-873 aa). The
domain organization in rTLR3, in other fish species and
human were shown in Fig. 1.

Phylogenetic relationship of rTLR3 with other species

The percentages of similarity and identity of rTLR3 amino
acids with other species were calculated in MatGAT, and it
showed highest similarity (90.6 %) and identity (83.5 %)
with common carp. With other fish species, the similarity
and identity % of rTLR3 amino acids were ~ 70-80 and
~50-80 respectively, and as expected less identity
(~40 %) and similarity (~60 %) were observed with
higher vertebrates (Table 2).

To understand the evolutionary relationship, phyloge-
netic tree was constructed with full-length TLR3 protein of
various species, and it revealed two major clusters, sup-
ported by high bootstrapping values. Cluster-I represented
various fish species, and cluster-II denoted the TLR3 of
higher vertebrates (Fig. 2). Among various fish species,
TLR3 in the cyprinidae family (D. rerio, L. rohita,
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Ontogenic expression of rTLR3
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ella) formed a separate group, and within the cyprinidae
family, TLR3 of gold fish and grass carp were most closely
related with 99.7 % aa similarity and identity.

The ontogenic expression of TLR3 in rohu was analyzed
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Table 2 Similarities and identity of rTLR3 amino acids with other
species (MatGAT analysis)

Species Similarity (%) Identity (%)
Common carp 90.6 83.5
Grass carp 90.3 82.7
Wuchang bream 90.2 82.5
Goldfish 89.9 82.4
Gobiocypris 88.8 81.7
Zebrafish 86.0 76.7
Catfish 76.7 60.1
Rainbow trout 72.6 55.3
Orange spotted grouper 72.5 53.8
Nile tilapia 723 54.0
Fugu 70.9 52.0
Zebra finch 66.0 45.8
Chicken 65.7 45.5
Buffalo 65.4 46.0
Elephant 65.2 45.5
Gibbon 65.0 45.4
Human 65.0 45.2
Cattle 65.0 46.4
Common marmoset 65.0 44.6
Goat 64.9 45.8
Gorilla 64.8 454
Chinese hamster 64.8 45.6
Mouse 64.4 45.3
Monkey 64.3 45.4
Rat 64.2 45.7

results showed that TLR3 gene expression was higher in
the fertilized eggs (0 h) as compared to other embryonic
developmental stages. At 8—12 h post fertilization, TLR3
expression reached the lowest level, and thereafter it
steadily increased in the hatchlings at 16 and 24 h and in
the larvae at 48 h (Fig. 3).

Tissue specific expression of rTLR3

Basal expression of TLR3 in various organs/tissues of three
rohu fingerlings were analyzed by qRT-PCR and their
mean value were presented graphically in Fig. 4. Among
the examined tissues, TLR3 expression was at detectable
levels in all organs/tissues but the level of expression
varied among them. The lowest TLR3 expression was
observed in the brain (calibrator tissue; one fold), and as
compared to it, the highest expression was detected in the
spleen (three fold), followed by eye (~2.7-fold) and
intestine (~2.3-fold). In blood, skin, muscle, heart and
kidney, basal expression of TLR3 was ~ 1.7-fold, and in
gill and liver the expression was equivalent to the brain.
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Inductive expression of TLR3

In vivo modulation of TLR3 gene transcripts were analyzed
by qRT-PCR following i.v. injection of poly I:C in rohu
fingerlings. As shown in Fig. 5, all tested tissues except skin,
significant (p < 0.05) induction of TLR3 gene expression
was observed as compared to their control. Among the tis-
sues, highest induction of TLR3 was observed in the liver
(~250-fold), followed by the intestine (~50-fold). As
compared to the control, TLR3 expression was ~ 3.5-fold
up-regulated in the poly I:C treated fish kidney, heart and
blood and ~2.5-fold in the gill.

Modulation of type I IFN expression

In TLR3-signaling pathway, type I IFNs were expected to be
induced by dsRNA (poly I:C). To investigate it, we analyzed
the gene transcripts of type I IFN by qRT-PCR assay, in the
gill, liver, kidney, intestine, heart, spleen, skin and blood of
the poly I:C treated fish, and compared them with the control
fish (Fig. 6a). At 4 h post poly I:C treatment, except in the
intestine and blood, inductive expression of type I IFN gene
transcripts was observed in all other tested tissues with varied
intensity. Liver was most responsive to induce type I IFN
(~4.5-fold, p < 0.05), followed by skin, spleen and kidney
(~2.0-fold) and the least induction was observed in the gill
(~ 1.3-fold). However, there was down-regulation of type I
IFN in the intestine and blood of the treated fish as compared
to the control fish.

Modulation of Mx gene expression

Mx is the type I IFN induced protein, and is expected to be
induced by poly I:C through the activation of TLR3-signal-
ing pathway. To explore this possibility, we analyzed poly
I:.C treated samples for Mx gene expression by qRT-PCR
assay. As shown in Fig. 6b, at 4 h post poly I:C treatment, a
highly significant (p < 0.05) induction of Mx gene expres-
sion was observed in all tested tissues (gill, liver, kidney,
intestine, heart, spleen, skin and blood) as compared to
control fish. Among the tested tissues, liver showed highest
induction of Mx gene (~600-fold), followed by kidney
(~200-fold), spleen (~?200-fold), heart (~ 150-fold), gill
(~50-fold), skin (~50-fold) and blood (~40-fold). The
intestine showed lowest but significant induction of Mx gene
(~5-fold, p < 0.05) as compared to its control.

Inductive expression of pro-inflammatory cytokines,
TNF-¢ and IL-1p

In higher eukaryotes including human, the activation of
TLR3-signaling by dsRNA resulted in the recruitment of
the adaptor TRIF to the TIR domain. Following binding to
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Fig. 2 Phylogenetic relationship of rTLR3 with other species. TLR3 buffalo, ADY18594.1; goat, ADZ17150.1; chinese hamster,
amino acid sequences were aligned by CLUSTALW program within XP_003514272.1; mouse, AAH99937.1; rat, NP_942086.1; zebra
DNASTAR, and the unrooted phylogenetic tree was generated by the finch, XP_002190888.1; chicken, ABL74502.1; nile tilapia
neighbor-joining method within the MEGA4 program. The tree was XP_003449776.1; orange-spotted grouper; ADZ76423.1; fugu,

boosted 1,000 times and the percentages are shown. The full-length
TLR3 amino acids sequences used for tree construction, were
retrieved from following database: gorilla, BAG55031.1; human,
ABC86908.1; gibbon ACC68077.1; monkey ABY64988.1; common
marmoset, ACC68086.1; elephant, ABC95781.1, cattle ABN71665.1;

the TLR3-TIR domain, TRIF interacts with RIP1 to acti-
vate NF-xB resulting in the induction of pro-inflammatory
cytokines. We investigated in vivo induction of pro-
inflammatory cytokines viz, TNF-o and IL-1§ in rohu
fingerlings by qRT-PCR assay following poly I:C treat-
ment. As shown in Fig. 7a, poly I:C treatment induced
TNF-« in majority of the tested tissues as compared to their
control. The highest induction of TNF-a (~50-fold) was
observed in blood followed by spleen (~ 3.5-fold), kidney
(~2.5-fold), liver (~2.3-fold) and skin (~ 2-fold). How-
ever, in gill and intestine, significant down-regulation of
TNF-o was observed as compared to their control.

We next analyzed IL-1f gene transcripts in the same
samples, and we noted the significant (p < 0.05) induction
of this gene in most of the tissues (Fig. 7b). Among the
treated tissues, skin showed highest induction ( ~ 7-fold) of

AAWG69373.1; rainbow trout, AAX68425.1; catfish, AEI59664.1;
zebrafish, AAT37633.1; Gobiocypris rarus, ABL11471.1; wuchang
bream, ABI83673.1; common carp, ABLI11473.1; goldfish,
ABC86865.1, grass carp, ABI64155.1

IL-1f followed by liver (~5-fold), as compared to their
respective control tissues. Intestine, heart and spleen
revealed almost equal induction (~2.5-fold) of IL-1f. In
contrast to the other tissues, IL-1f expression in gill and in
blood was significantly down-regulated.

Discussion

This study describes the identification, cloning and char-
acterization of TLR3 in rohu (L. rohita), the most impor-
tant freshwater cultured fish species in the Indian
subcontinent. In rohu, the putative TLR3 protein comprised
of 17 LRR domains, and are expected to be involved in
recognizing various PAMPs. The spans of LRR regions in
rTLR3 were almost comparable with other fish species and
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stages of rohu. Total RNA was extracted from different stages of
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TLR3 at different hours of development was represented as fold
changes from the calibrator. The results were expressed as
mean =+ standard error (bars in the graph) from three samples (n = 3)
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Fig. 4 Basal expression of TLR3 in various tissues Total RNA was
extracted from spleen, eye, intestine, blood, skin, muscle, heart,
kidney, gill, liver and brain and were analysed by quantitative real-
time PCR (qRT-PCR) to examine the expression of TLR3 genes
among the tissues. Expression of TLR3 transcripts were represented
as a ratio relative to f-actin (internal control) levels in the same
samples. Brain was chosen as calibrator (1) and the relative
expression of TLR3 in other tissues was represented as fold changes
from the calibrator. The results were expressed as mean =+ standard
error (bars in the graph) from three fish (n = 3)

higher vertebrates (Fig. 1) signifying the functionally
capability of rTLR3 in responding to the mammalian and
other fish TLR3 agonists. In human, localization of TLR3
on the cell surface was previously been reported [38]. In
rTLR3, the presence of 22 aa signal peptide and the
occurrence of 23 aa transmembrane domain suggested it’s
localization on the cell surface and supported the similar
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Fig. 5 Modulation of TLR3 expressions by poly I:C. In rohu
fingerlings, poly I:C (300 pg/fish) was i.v. injected, and after 4 h,
tissues were collected and were used for total RNA extraction and
real-time PCR was analysed. The relative expression of TLR3 gene
was normalized to the expression of f-actin (internal control) and
expressed as fold changes relative to the un-treated control group. The
mean value of three fish (n = 3) was shown and the bars indicated
standard error. Significant difference (p < 0.05) between control and
treated fish group was indicated with asterisks

finding in common carp TLR3 [23]. The existence of a
highly conserved TIR domain at the C-terminal end of
rTLR3 revealed its ability to transfer the signal by inter-
acting with the down-stream adaptor molecule, TRIF.

The molecular tree of vertebrate TLR3 demonstrated that
TLR3 in fish and higher eukaryotes formed two separate
clusters (Fig. 2). As expected, within the fish group (cluster-I),
TLR3 in rohu was closely related to the other members in the
cyprinidae family, and was distinct from the catfish TLR3. The
evolutionary close relations of TLR3 among the cyprinid fish
species might predict their functional similarities.

The importance of innate immunity in protecting fish
embryo was previously been reported in zebrafish [39],
carps [40] and channel catfish [19]. Recently, we reported
the ontogenic expression of TLR2 [41] and TLRS [42]
gene in mrigal, and NOD1 [43], NOD2 [44] and TLR2 [45]
gene in rohu. In addition to these innate defense factors, we
detected the constitutive expression of TLR3 during the
embryogenesis of rohu, and this is the first report in the
Indian major carp. Among the tested developmental stages,
a relatively higher expression of TLR3 was detected in
fertilized eggs. The enhanced expressions of TLR3 in the
fertilized eggs were likely to be contributed by the brood
fish. The embryonic expression of TLR3 suggested that
along with other innate immune factors, TLR3 could be
involved in protecting fish eggs, hatched embryos and
larvae during viral infections.

We noted wide expression of TLR3 in various organs of
rohu fingerlings, and among the organs, highest expression
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Fig. 6 Modulation of IFN and Mx expressions by poly I:C. In rohu
fingerlings, poly I:C (300 pg/fish) was i.v. injected, and after 4 h,
various tissues were collected and were used for total RNA extraction
and real-time PCR analysis. The relative expression of IFN and Mx
gene was normalized to the expression of f-actin (internal control)
and was expressed as fold changes relative to the un-treated control
group. The mean value of three fish (n = 3) was shown and the bars
indicated standard error. Significant difference (p < 0.05) between
control and treated fish group was indicated with asterisks. a Type-1
IFN. b Mx gene expression

of TLR3 was observed in the spleen, followed by eye,
intestine and blood. The pattern of tissue specific TLR3
expression in rohu greatly differed from previously repor-
ted fish species, viz., fugu [10], large yellow croaker [24],
Japanese flounder [25], common carp [23] and catfish [46].
The wide expression of TLR3 in various organs of fish may
suggest its key role in the immune surveillance system in
various organs of the host.

Several reports in mammals and in higher vertebrates
showed that TLR3 recognizes dsRNA through its LRR
domains and transmits signal through its TIR domain
involving TRIF that resulted in the induction of type I IFN
and various cytokines. Structurally, poly I:C mimics viral
dsRNA, and induced anti-viral activity in salmon [30] and
Japanese flounder [25, 31]. In grass carp, inductive
expression of Mx gene was reported following dsRNA
containing GCRYV infection [27]. In rohu, we injected poly
I:C through intravenous (i.v.) and intraperitoneal (i.p.)
route, and analyzed TLR3 gene expression at various time
course. TLR3 induction was much higher and quicker in
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Fig. 7 Modulation of TNF-o and IL-1f expressions by poly I:C. In
rohu fingerlings, poly I:C (300 pg/fish) was i.v. injected, and after
4 h, various tissues were collected and were used for total RNA
extraction and real-time PCR analysis. The relative expression of
TNF-o and IL-1f gene was normalized to the expression of f-actin
(internal control) and was expressed as fold changes relative to the
un-treated control group. The mean value of three fish (n = 3) was
shown and the bars indicated standard error. Significant difference
(p < 0.05) between control and treated fish group was indicated with
asterisks. a TNF-o. b IL-1f gene expression

i.v. than i.p. (results not shown), indicating the better
efficiency of ligand delivery through i.v. route. In response
to poly I:C, a significant (p < 0.05) up regulation of TLR3,
type I IFN and Mx genes expressions were observed in
majority of the tissues. These data in rohu was in agree-
ment with the previously reported fish species. Addition-
ally, a significant correlation of TLR3 induction, and type I
IFN and Mx gene expressions were observed in most of the
tissues. These results indicated the activation of TLR3
signaling pathway by dsRNA (poly I:C). However, to
elucidate the detail mechanism further works employing
either TLR3 gene silencing or TLR3 overexpression are
required.

In the TLR3 signaling cascades, NF-xB functions as the
down-stream signaling molecule. In Japanese flounder,
poly I:C induced TLR3 and activated NF-«xB regulated
gene expression [12]. In rohu, poly I:C also induced TNF-«
and IL-1§ which were known to be NF-xB regulated gene
[47, 48], and are expected to be involved in innate
immunity. Together, these data in rohu, along with salmon,
Japanese flounder and common carp highlighted the
important role of TLR3 in fish to trigger a rapid innate
immune response during viral invasion to the host.
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In conclusion, we report the cloning of TLR3, its con-
stitutive expression during embryonic developments, and
in various organs/tissues in the Indian major carp, rohu. In
in vivo studies, the expression of type I IFN, Mx, TNF-«
and IL-1f were investigated following poly I:C stimula-
tion, showing that the activation of TLR3 signaling could
play an important role in inducing the anti-viral immunity
to the host.
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