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Nucleotide binding and oligomerization domain (NOD)1 and NOD2 are important cytoplasmic pattern recognition
receptors (PRRs) and key members of the NOD-like receptor (NLR) family. They sense a wide range of bacteria or
their products and play a key role in inducing innate immunity. This report describes the role of NOD1 and NOD2
receptors signalling in innate immunity in the Indian major carp, mrigal (Cirrhinus mrigala). Tissue-specific
expression analysis of NOD1 and NOD2 genes by quantitative real-time PCR (qRT-PCR) revealed their wide
distribution in various organs/tissues. In the untreated fish, the highest expression of NOD1 and NOD2 was detected
in liver and blood, respectively. Stimulation with NOD1- and NOD2-specific ligands, i.e. iE-DAP and MDP, activated
NOD1 and NOD2 receptor signalling in vivo and in vitro resulting in significant (p<0.05) induction of downstream
signalling molecule RICK, and the effector molecules IL-1β, IL-8 and IFN-γ in the treated group as compared to their
controls. In response to both Gram-positive and Gram-negative bacterial infections, NOD1 and NOD2 receptors
signalling were activated and IL-1β, IL-8 and IFN-γ were induced. These findings highlight the important role of
NOD receptors in eliciting innate immune response during the pathogenic invasion to the fish.
[Swain B, Basu M and Samanta M 2013 NOD1 and NOD2 receptors in mrigal (Cirrhinus mrigala): Inductive expression and downstream signalling
in ligand stimulation and bacterial infections. J. Biosci. 38 533–548] DOI 10.1007/s12038-013-9330-y

1.

Introduction

Innate immunity is very rapid, nonspecific and is the first
line of defence of all multicellular organisms against myriad
invading pathogens (Fritz et al. 2006; Coussens et al. 2007;
Aoki et al. 2008). Such an immediate activation of innate
immune response by the host relies on the detection of
conserved microbial motifs known as pathogen-associated
molecular patterns (PAMPs). The family of PAMPs includes
bacterial carbohydrates (lipopolysaccharide, mannose, etc.),
nucleic acids (bacterial or viral DNA or RNA), bacterial
peptides (flagellin), peptidoglycans and lipoteichoic acids,
Keywords.

N-formylmethionine, lipoproteins and fungal glucans (Akira
et al. 2006). In plants and animals, various families of
leucine-rich repeat (LRR)-bearing proteins, known as pattern
recognition receptors (PRRs), recognize PAMPs and activate
signalling to induce innate immunity. These PRRs are distributed in extracellular, membrane and cytoplasmic compartments, and are classified according to their ligand
specificity, function, localization and/or evolutionary relationships. On the basis of their functions, PRRs are divided
into endocytic PRRs or signalling PRRs. Signalling PRRs
include the large families of membrane-bound toll-like receptors (TLRs) and cytoplasmic NOD-like receptors (NLRs)
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(Benko et al. 2008). Among the intracellular PRR family,
NLRs are the more recently identified members.
Structurally, NLRs are large multi-domain proteins with
triplate architecture (Wilmanski et al. 2008). The NLR family
of receptors are typically characterized by the presence of a
C-terminal LRR domain to recognize specific ligands for
receptor association, a central nucleotide oligomerization
(NACHT) domain to mediate self-regulation and oligomerization, and a N-terminal protein–protein interaction domain
composed of a CARD (caspase activation and recruitment
domain) or PYD (pyrin domain) or BIR (baculovirus ‘inhibitor of apoptosis’ repeat) domain to generate and transmit
downstream signals (Werts et al. 2006). Based on various Nterminal domains, NLRs are subdivided into three classes, viz
NALP (NACHT-, LRR- and PYD-containing proteins),
NOD (NACHT-, LRR- and CARD-containing proteins) and
NAIP (NACHT-, LRR- and BIR-containing proteins) (Akira
et al. 2006). The NOD receptor subfamily consists of five
members, viz NOD1, NOD2, NOD3, NOD4 and NOD5, and
is involved in recognizing various substructures of pathogens
or microbes as ligands. NOD1 and NOD2 are cytosolic proteins involved in intracellular recognition of microbes and
their products (Philpott and Girardin 2010). NOD1 senses
meso-DAP (meso-diaminopimelic acid)-containing peptidoglycan (Chamaillard et al. 2003; Girardin et al. 2003) of
Gram-negative bacteria, while NOD2 detects MDP
(muramyl dipeptide; MurNAc-L-Ala-D-isoGln), the largest
peptidoglycan motif common to Gram-negative and Grampositive bacteria (Girardin et al. 2003; Inohara et al. 2000).
Prior to the arrival of the ligand, NLR protein remains
in an inactive form due to folding of LRR region and its
binding to NACHT, and on arrival of the ligand, the
LRR region unfolds and mediate signal transduction
(Bourhis et al. 2007; Monie et al. 2009; Jozaki et al.
2009). Following ligand recognition, the activated NOD
serves as a molecular platform for protein complexes. It
starts self-oligomerization to recruit the downstream
interacting protein, RIP2 (receptor interacting serinethreonine protein kinase-2) or RICK [RIP-like interacting
CLARP (caspase-like apoptosis-regulatory protein) kinase]
via CARD–CARD interaction, and induced proximity of
binding partners. Recruitment of RICK causes activation
of Iκκ [IκB (inhibitor of NF-κB) kinase] complex, and
stimulates NF-κB (nuclear factor κB) activation by
ubiquitinylation of Iκκ-γ subunit of the Iκκ complex,
and MAPK pathway, which leads to activation of specific
transcription factors like AP-1, and induces the expression
of pro-inflammatory cytokines and chemokines, viz IL-1β,
IL-6, IL-8, TNF-α and IFN-γ (Inohara et al., 2000;
Bourhis et al. 2007; Hasegawa et al. 2008; Monie et al.
2009; Rosenzweig et al. 2009; Chen et al. 2010).
NOD1 and NOD2 receptors were previously been
reported in human (Hisamatsu et al. 2003; Voss et al.
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2006), mouse (Iwanaga et al. 2003; Hasegawa et al. 2011)
and porcine (Tohno et al. 2008). In recent years, studies on
these receptors have been carried out in zebrafish (Laing et
al. 2008), channel catfish (Sha et al. 2009), grass carp (Chen
et al. 2010), rainbow trout (Chang et al. 2011), rohu (Swain
et al. 2012a, b), orange-spotted grouper (Hou et al. 2012)
and olive flounder (Park et al. 2012).
Mrigal (Cirrhinus mrigala) is one of the important freshwater carp and is commercially cultivated in many regions of
the Indian subcontinent. However, no study has yet described the role of NOD receptors in mrigal. Therefore, we
investigated in mrigal NOD1 and NOD2 receptors and their
downstream signalling molecule RICK following ligand
stimulation and bacterial infections.
2.

Materials and methods
2.1

Fish

Mrigal (Cirrhinus mrigala), weighing ~30 g, was obtained
from the Central Institute of Freshwater Aquaculture (CIFA),
and was stocked in 500 L aerated tanks, with each tank
containing 50 fish. Before the start of the experiment, acclimatization was carried out for 3 weeks and the fish were fed
twice a day with commercial carp diet with daily two-third
water exchange. During the experiment, the water temperature and pH in the tanks varied from 26°C to 29°C and 7.4 to
7.6, respectively.
2.2

Bacteria

Streptococcus uberis (ATCC-700407) and Aeromonas
hydrophila (ATCC-35654) were cultured in LB broth (USB,
USA) at 37°C for 16 h with constant shaking. Viable bacterial
count was determined as colony forming unit (CFU) following
10-fold serial dilutions and plating on nutrient agar
plates.
2.3

Cloning of NOD1, NOD2 and RICK genes in mrigal

To clone NOD1, PCR primers were designed from the
conserved nucleotide domain of NOD1 among grass carp
(GenBank ID: FJ937972.1), zebrafish (GenBank ID:
XM_002665060.2) and rohu (GenBank ID: JN794079.1).
Similarly, NOD2 primers were obtained from the conserved
domain of grass carp (GenBank ID: GQ141736.1), zebrafish
(GenBank ID: XM_692832.3) and rohu (GenBank ID:
JF923468.1). To clone RICK, PCR primers were designed
from zebrafish RICK (GenBank ID: AF487540.1). The nucleotide sequence of the PCR primers used for cloning of
NOD1, NOD2 and RICK genes in mrigal are shown in
table 1.

NOD receptors signalling in mrigal
Table 1. Primers used for cloning
Primer

Sequence (5′→3′)

NOD1 FW
NOD1 RV
NOD2 FW
NOD2 RV
RICK FW
RICK RV

TGGCTGCAACAACATCACTGGT
CCTGAAGGTGTCCGCAAAGTC
GGGGAAACTGCTGCAAAAACCTTA
TCGTCGAGTCCGTCAAAGGTAAA
GCCACTTCTACACCACGATCTCAA
CTCGGAGAACGCTGAACATGATC

Total RNA was extracted from mrigal gill, cDNA was
prepared and PCR was carried out with 1 μL of cDNA in a
50 μL reaction volume under the conditions of one cycle of
initial denaturation at 94°C for 2 min followed by 45 cycles of
94°C for 30 s, 60°C for 30 s, 72°C for 1 min and a final
extension at 72°C for 5 min. One-fifth of the PCR product was
analysed in 2% agarose gel, and the single specific band was
purified with agarose gel purification kit (Roche, Germany).
The purified DNA was cloned in pGEM-T Easy vector
(Promega, Madison, USA) and both strand sequencings were
carried out with T7 and SP6 primer (ABI prism 3000). The
obtained DNA sequences were confirmed through BLAST
search (Altschul et al. 1990), and were submitted to the
GenBank with the GenBank ID: KC113242, KC113243 and
KC113244 for NOD1, NOD2 and RICK, respectively.
Primers for real-time PCR analysis of NOD1, NOD2 and
RICK gene were designed from these DNA sequences.
2.4

In vivo expression of NOD1, NOD2 and RICK genes

To study the basal expression of NOD1, NOD2 and RICK
genes in various tissues, gill, liver, kidney, intestine, blood,
heart, brain, skin, muscle, eye and spleen were collected
separately from mrigal fingerlings (~ 30 g wt), total RNA
was extracted from each sample, and cDNA was prepared.
Quantitative real-time PCR was carried out to examine
NOD1, NOD2 and RICK gene expression in various tissues
keeping β-actin as an internal control. To eliminate individual variations, samples from three fish were collected and
analysed separately by qRT-PCR and their mean value was
considered.
2.5

In vivo ligand exposure and bacterial challenge

Healthy mrigal fingerlings were divided into control and
treated groups, with three fish in each group. Muramyl
dipeptide (MDP) (Sigma, USA) was diluted in endotoxinfree water at 1mg/mL, and 100 μL of endotoxin-free water
containing 50 μg MDP was intravenously (i.v.) injected, and
control fish were i.v. injected with 100 μL of endotoxin-free
water. D-Glutamyl-meso-diaminopimelic acid (iE-DAP)
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(InvivoGen, USA) was diluted in endotoxin-free water at
10 mg/mL and 100 μL of endotoxin-free water containing
200 μg iE-DAP was i.v. injected, while control fish were
injected with 100 μL endotoxin-free water. After 4 and 6 h
of ligand treatment, blood was collected in TRIzol reagent.
For bacterial infection, fish were intra-peritoneally (i.p.)
injected with 100 μL of PBS containing S. uberis (1×107
CFU/fish) or A. hydrophila (1×106 CFU/fish). The control
fish group was i.p. injected with 100 μL of PBS only, and
kept separately in the aerated tank. After 6, 12 and 24 h of S.
uberis and A. hydrophila infection, control and treated
groups of fish were sacrificed and tissues were collected
separately in TRIzol reagent.
2.6

Peripheral blood leukocytes isolation and ligand
stimulation

Leukocytes were isolated from the peripheral blood of mrigal
fingerlings (~ 50 g wt) by the density gradient centrifugation
using histopaque-1077 (Sigma-Aldrich, USA). Briefly, 1.5
mL of caudal venous blood was collected in an EDTA
containing tube and mixed with PBS at a ratio 1:1. The
suspension was layered over an equal volume of histopaque1077 (Sigma-Aldrich, USA) gradient, and was then
centrifuged at 2500g for 30 min at 18°C. After centrifugation,
the interface and band were collected in a new tube, washed
twice in PBS and re-suspended in RPMI-1640 medium
(Sigma-Aldrich, USA). Cells were confirmed as peripheral
blood leukocytes (PBLs) under microscopic observation and
the cell viability was determined by trypan blue staining. The
RPMI-1640 medium containing PBLs were distributed in 9
wells at 1 mL/well (~ 106 cells) in a 24-well cell culture plate
(TPP, Switzerland). Keeping 3 wells in each group, three
groups were marked as (a) untreated (control), (b) iE-DAP treated (100 μg/well) and (c) MDP-treated (20 μg/ well). After
4 h, total RNA was extracted with TRIzol reagent, cDNA was
prepared and qRT-PCR was carried out to analyse NOD1,
NOD2, RICK, IL-1β, IL-8 and IFN-γ gene expression between
treated and control cells after normalizing with β-actin
expression.
2.7

RNA isolation and first strand cDNA synthesis

Total cellular RNA from different organs/tissues of fish was
extracted with TRIzol reagent (Invitrogen, USA). RNA concentration was measured by UV-spectrophotometer and the
integrity was assessed by observing the band intensity of 28
and 18S ribosomal RNA on 1% agarose gel. For the first strand
cDNA synthesis, 1 μg of total RNA was treated with 1 unit of
DNase I (MBI, Fermentas, USA) and reverse transcription was
carried out using oligo-dT primer and RevertAid first strand
cDNA synthesis kit (MBI, Fermentas, USA).
J. Biosci. 38(3), September 2013
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2.8

determined by the Student’s t-test using Microsoft Excel
2010 with p < 0.05 as the significance level.

Real-time PCR analysis

Quantitative real-time PCR (qRT-PCR) of the target genes,
viz NOD1, NOD2 and RICK, and the reference gene β-actin
were performed in LightCycler®480 II-real time PCR detection system (Roche, Germany). Amplifications were carried
out in 10 μL reaction volume, containing 1 μL of cDNA,
0.25 μL of FW and RV primer (2.5 μM each; table 2), 5 μL
of 2X lightCycler® 480 SYBR Green I master mix (Roche,
Germany) and 3.5 μL of PCR grade H2O. PCR amplifications were performed in triplicate wells under the following
conditions: initial denaturation at 95°C for 10 min followed
by 45 cycles of 94°C/10 s, 56°C (for NOD1) or 60°C (for
NOD2, IL-1β and β-actin) or 58°C (for RICK and IL-8) or
53°C (for IFN-γ) for 10 s and 72°C/10 s. The specificity of
the RT-PCR was regulated using no template controls.
The PCR efficiencies were determined by analysis of
serial dilutions of cDNA, and efficiencies were ~100%,
which allowed the use of 2−ΔΔCT method for calculation of
relative gene expression of the target gene NOD1, NOD2,
RICK, IL-1β, IL-8 and IFN-γ with that of the reference gene,
β-actin. To confirm the correct size and single band amplification, 8 μL of the qRT-PCR products were analysed by
electrophoresis in ethidium bromide-stained 2% agarose gel.
Relative expression ratios were obtained by normalizing the
expression of the target gene, as determined by mean crossing point (cp) deviation, by that of a non-regulated reference
gene, β-actin following 2 −ΔΔCT method (Livak and
Schmittgen 2001). The data obtained from qRT-PCR analysis was expressed as the mean of three individual experiment
± standard error (s.e.), and the significant difference between
the control and treated groups at each time point was

NOD1 FW
NOD1 RV
NOD2 FW
NOD2 RV
RICK FW
RICK RV
IL-8 FW
IL-8 RV
IL-1β FW
IL-1β RV
IFN-γ FW
IFN-γ RV
β-actin FW
β-actin RV

Sequence (5′→3′)
GTTGGTGGGAAATACCTTGCC
TGCTTTCGCCAGACTTCTTCC
GGCGGGACAGGACGTTTCTCC
GCGGCAACTGAAGGGGAACA
GGCGCCAGCTCTCTATCACTAA
CCTCTTCAAATGGTATCCGTCTT
AGCCGACGCATTGGAAAACTCA
CATGGGGCTTTGTTGGCAATGA
ACCCCACAAAACATCGGCCAACC
TCTTCTCCATTTCCACCCTCTC
TTCCAAGACATGCTAAACAAGT
AGCTCACTCCATTTCTGTT
AGACCACCTTCAACTCCATCATG
TCCGATCCAGACAGAGTAT
TTACGC

J. Biosci. 38(3), September 2013

3.1

GenBank
Acc. No.
KC113242
KC113243
KC113244
HM363518
AM932525
JN054720
EU184877

Results

Tissue-specific expression of NOD1, NOD2 and RICK

To examine the basal expression of NOD1, NOD2 and
RICK genes, qRT-PCR analysis was carried out in gill,
liver, kidney, intestine, skin, heart, brain, muscle, eye,
spleen and blood. To eliminate the individual variation,
three fish were sampled and analysed separately by
qRT-PCR, and their mean value was considered. The
expression of NOD1, NOD2 and RICK were at detectable levels in all organs/tissues but their magnitude of
expression varied. As shown in figure 1a, NOD1 was
constitutively expressed in all the tissues examined.
Among the tested tissues, the highest level of NOD1
expression was detected in liver, followed by gill,
spleen, skin, kidney, blood, brain, intestine, heart, muscle and eye. The tissue distribution of NOD2 (figure 1b)
revealed its abundant expression across the organs, with
the highest in blood, followed by spleen, liver, gill,
heart, kidney and muscle. An almost equivalent expression of NOD2 was detected in brain, skin and intestine,
and the lowest expression was detected in eye. The
tissue distribution of RICK (figure 1c) revealed its constitutive expression across the organs. Among the tested
organs, RICK expression was the lowest in the intestine
and was highest in the muscle followed by brain, eye
and kidney. Its expression in spleen, blood, heart, gill,
skin and liver was almost equal.
3.2

Table 2. Primers used for real-time PCR analysis
Primer

3.

In vivo modulation of NOD1 and its downstream
signalling molecules by iE-DAP

In higher vertebrates, iE-DAP is a well-known ligand of
NOD1. To investigate iE-DAP-mediated NOD1 signalling
in fish, iE-DAP was i.v. injected in mrigal, and expression of
NOD1 and its downstream signalling molecules, viz RICK,
IL-1β, IL-8 and IFN-γ, in blood was analysed after 4 and 6 h
by qRT-PCR assay. As shown in figure 2a, NOD1 expression was significantly (p < 0.05) up-regulated (~2-fold) at 4
and 6 h in iE-DAP-treated fish as compared to control fish.
We next analysed RICK, the adaptor protein of NOD signalling pathway. The data of qRT-PCR showed significant
up-regulation of RICK expression at 4 h (~ 1.5-fold) and 6 h
(~ 2.1-fold) as compared to their control (figure 2b). In NOD
signalling pathway, activation of RICK leads to NF-κB
phosphorylation, and induction of several pro-inflammatory
cytokines and chemokines. To examine whether IL-1β, IL8 (CXCL8) or IFN-γ could be induced by iE-DAP treatment,
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Figure 1. Basal expression of NOD1, NOD2 and RICK genes in various tissues of mrigal. Total RNA was extracted from gill, liver,
kidney, intestine, blood, skin, heart, brain, eye, muscle and spleen. Quantitative real-time PCR (qRT-PCR) was conducted to examine the
expression of NOD1, NOD2 and RICK genes among the tissues. Expression of NOD1, NOD2 and RICK genes were represented as a ratio
relative to β-actin (internal control) levels in the same samples. The eye was chosen as calibrator (1) in NOD1 and NOD2 expression, and
the intestine was chosen as calibrator (1) in RICK expression, and the relative expression of NOD1, NOD2 and RICK genes in other tissues
were represented as fold changes from the calibrator. The results were expressed as mean ± standard error (bars in the graph) from three fish
(n=3). (a) NOD1, (b) NOD2 and (c) RICK gene expression.

we analysed in vivo expression of these genes by qRT-PCR
assay (figure 1c). IL-1β expression was increased ~ 9.5-fold
at 4 h and ~ 6.1-fold at 6 h, and IL-8 expression was
enhanced ~ 2-fold and ~2.7-fold at 4 h and 6 h respectively.
The expression of IFN-γ was up-regulated ~ 3.2-fold at 4 h
and ~ 1.8-fold at 6 h as compared to their respective controls.

3.3

In vivo modulation of NOD2 and its downstream
signalling molecules by MDP

To study the NOD2 signalling, mrigal was i.v. injected with
MDP (NOD2 ligand), and we analysed the expression of
NOD2 and its downstream signalling molecules, viz RICK,
J. Biosci. 38(3), September 2013
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Figure 2. Expression of NOD1, RICK, IL-1β, IL-8 and IFN-γ in blood following iE-DAP stimulation. In mrigal fingerlings, iE-DAP (200
μg/fish) was i.v. injected, and after 4 and 6 h blood was collected and were used for total RNA extraction and real-time PCR analysis. The
relative expression of NOD1, RICK, IL-1β, IL-8 and IFN-γ gene were normalized to the expression of β-actin (internal control) and
expressed as fold changes relative to the untreated control group. The mean value of three fish (n=3) was shown and the bars indicate
standard error. Significant difference (p<0.05) between the control and treated fish group is indicated with asterisks (*). (a) NOD1, (b)
RICK and (c) IL-1β, IL-8 and IFN-γ gene expression.

IL-1β, IL-8 (CXCL8) and IFN-γ in blood by qRT-PCR assay
at 4 and 6 h post treatment. As shown in figure 3a, NOD2
expression was significantly (p < 0.05) increased at about
2.3-fold at 4 and 6 h in MDP-treated fish as compared to
control fish. The expression of RICK (figure 3b) was significantly induced at both 4 h (~ 3-fold) and at 6 h (~ 5.6-fold)
as compare to the control. Next we analysed the expression
of IL-1β, IL-8 (CXCL8) or IFN-γ gene in MDP treatment by
qRT-PCR assay (figure 3c). Results indicated that in the
treated fish, IL-1β was up-regulated ~ 6-fold at 4 h and
~5.5-fold at 6 h. The induction of IL-8 and IFN-γ was
enhanced ~ 4-fold and ~ 1.5-fold, respectively, at both time
points as compared to their controls.
3.4 In vitro modulation of NOD1, NOD2
and their downstream signalling by iE-DAP and MDP
To investigate NOD1 and NOD2 signalling in blood cells, PBLs
were treated with iE-DAP or MDP, and the expression of NOD1
and NOD2 genes was analysed by qRT-PCR. As shown in
J. Biosci. 38(3), September 2013

figure 4a, iE-DAP and MDP triggered significant up-regulation
(p < 0.05) of NOD1 (~ 4-fold) and NOD2 (~ 2-fold) respectively
at 4 h post stimulation. RICK, the adaptor molecule of both
NOD1 and NOD2 signalling pathway was also induced in iEDAP (~ 2-fold) and MDP (~ 2.2-fold)-treated PBLs (figure 4b).
Induction of IL-1β, IL-8 and IFN-γ genes expression (figure 4c)
were also observed in iE-DAP and MDP treatment.
3.5

NOD1 expression in mrigal during bacterial infection

To investigate whether NOD1 expression could be modulated
in bacterial infection, we infected mrigal fingerlings with S.
uberis (Gram-positive) and A. hydrophila (Gram-negative),
and examined NOD1 expression in gill, liver, kidney, intestine, and blood by qRT-PCR assay at various time courses. In
S. uberis–infected fish (figure 5a) NOD1 expression in gill,
kidney and intestine remained unchanged at 6 and 12 h post
infection (p.i.). However, at the same time points, NOD1
expression was down-regulated in liver and was significantly
up-regulated in blood both at 6 h (~ 4.5-fold) and 12 h (~ 6.8-
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Figure 3. Expression of NOD2, RICK, IL-1β, IL-8 and IFN-γ in blood following MDP stimulation. In mrigal fingerlings, MDP (50 μg /
fish) was i.v. injected, and after 4 and 6 h blood was collected and were used for total RNA extraction and real-time PCR analysis. The
relative expression of NOD2, RICK, IL-1β, IL-8 and IFN-γ genes were normalized to the expression of β-actin (internal control) and
expressed as fold changes relative to the untreated control group. The mean value of three fish (n=3) is shown and the bars indicate standard
error. Significant difference (p<0.05) between the control and treated fish group is indicated with asterisks (*). (a) NOD2, (b) RICK and (c)
IL-1β, IL-8 and IFN-γ gene expression.

fold) as compared to control fish. At 24 h p.i., majority of the
infected fish tissues showed significantly (p < 0.05) enhanced
expression of NOD1 and the magnitude of induction in gill,
liver, kidney, intestine and blood was about 6, 2, 2.6, 2.7 and
4-fold respectively as compared to control fish.
Next, we analysed the NOD1 expression in A. hydrophila–
infected fish tissues at 6, 12 and 24 h p.i. As shown in
figure 5b, in the infected fish gill, liver and intestine, a steady
state of NOD1 induction was observed at 6 h (~ 15-fold), 12 h
(~ 20-fold) and at 24 h (~30-fold) as compared with
untreated control fish. Among the examined tissues,
highest induction of NOD1 was observed in the infected
fish blood at 6 h (~ 80-fold), which gradually declined
to ~70-fold at 12 h and ~ 53-fold at 24 h.
3.6

NOD2 expression in bacterial infection

To analyse NOD2 expression during bacterial infection,
mrigal fingerlings were infected with S. uberis and A.
hydrophila and NOD2 expression was examined in gill,
liver, kidney, intestine and blood by qRT-PCR assay at 6,

12 and 24 h post infection. As shown in figure 6a, NOD2
expression was significantly (p < 0.05) induced in all tested
organs of S. uberis infected fish. In gill, liver, kidney and
intestine of the infected fish, a steady state of NOD2 expression was observed that reached peak at 24 h with the fold
induction of ~ 4.7, 166, 4.3 and 4 respectively. In the
infected fish blood, the highest expression of NOD2 was
observed at 12 h (~243-fold) as compared to control.
Next, we examined the expression of NOD2 in A.
hydrophila infection (figure 6b) at the same time points.
The data of qRT-PCR revealed significant (p<0.05) upregulation of NOD2 in the infected fish tissues as compared
to control. Among various time points, highest expression of
NOD2 was observed at 24 h p.i. in all tested tissues. In gill,
liver, kidney and intestine, the elevated expression of NOD2
was ~ 3-fold, and in blood it was ~ 12-fold at 24 h p.i.
3.7

Modulation of RICK expression in bacterial infection

RICK is the downstream adaptor molecule of both NOD1
and NOD2 receptor signalling pathway, and activation of
J. Biosci. 38(3), September 2013
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Figure 4. Expression of NOD1, NOD2, RICK, IL-1β, IL-8 and IFN-γ in PBLs following iE-DAP and MDP stimulation. Lymphocytes
were isolated from blood and treated with iE-DAP (100 μg/mL) or MDP (20 μg/mL). After 4 h, cells were collected and used for total RNA
extraction and real-time PCR analysis. The relative expression of NOD1, NOD2, RICK, IL-1β, IL-8 and IFN-γ genes were normalized to
the expression of β-actin (internal control) and expressed as fold changes relative to the untreated control cells. The mean of three
independent experiment (n=3) are shown and the bars indicate standard error. Significant difference (p<0.05) between the control and
treated group is indicated with asterisks (*). (a) NOD1 and NOD2, (b) RICK and (c) IL-1β, IL-8 and IFN-γ gene expression.

NOD1 and NOD2 signalling is expected to induce RICK.
We analysed RICK expression in S. uberis– and A.
hydrophila–infected fish tissues, viz gill, liver, kidney, intestine and blood, by real-time quantitative PCR assay. As
shown in figure 7a, RICK expression was enhanced in the
tissues of S. uberis infected fish as compared to control fish.
Among the tissues examined, the most significant (p < 0.05)
induction was in liver followed by blood. In gill, a significant induction of RICK was observed only at 24 h (~ 3-fold),
in liver at 6 h (~ 105-fold), 12 h (~ 7-fold ) and 24 h (~ 116fold), in kidney at 6 h (~ 6-fold ) and 24 h (~ 7.7-fold) and in
blood at 6 h (~ 6.5-fold), 12 h and ( ~ 31-fold) and 24
h (~ 6.5-fold) as compared to the control fish.
Next, we analysed the expression of RICK in A. hydrophila–
infected and control fish by qRT-PCR (Figure 7b). Data from
qRT-PCR revealed enhanced expression of RICK in all tested
tissues of infected fish. Among the tested tissues, highest
induction of RICK was observed in the intestine at 24 h
(~ 46-fold), and in blood at 6 h (~ 43-fold).
J. Biosci. 38(3), September 2013

3.8

Inductive expression of IL-1β, IL-8 and IFN-γ
in bacterial infections

In higher eukaryotes including human, activation of NOD
signalling in bacterial infection resulted in the recruitment of
RICK and activation of NF-κB or MAPK pathway resulting
in the expression of various cytokines. We investigated the
expression of IL-1β, IL-8 and IFN-γ in mrigal fingerlings by
qRT-PCR assay following S. uberis and A. hydrophila infection. As shown in figure 8a, IL-1β gene expression was
induced in S. uberis–infected fish tissues, but the magnitude
of induction varied at various time points. Except in gill,
maximum induction of IL-1β was observed in other tested
tissues at 6 h p.i.. Highest induction of IL-1β was observed
in liver (~ 21-fold) followed by kidney (~ 17-fold), intestine
(~ 13-fold) and blood (~ 9-fold). In gill, induction of IL-1β
was ~ 5-fold at 6 h, and it increased to ~ 8-fold at 24 h p.i. In
the infected fish, IL-8 gene expression (figure 8b) was
highest at 6 h p.i. in majority of the tissues. Among the
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Figure 5. Modulation of NOD1 gene expression following S. uberis and A. hydrophila infection. S. uberis (1×107 CFU/fish) or A.
hydrophila (1×106 CFU/fish) was injected into mrigal fingerlings by i.p. route. After 6, 12 and 24 h, total RNA was extracted from gill,
liver, kidney, intestine and blood. Real-time PCR was conducted to analyse NOD1 and β-actin expression in various organs/tissues. The
results were expressed as mean ± standard errors (bars) from three fish (n=3) after normalizing the values with β-actin (internal control).
Significant difference (p<0.05) between the control and treated fish group is indicated with asterisks (*). (a) S. uberis and (b) A. hydrophila
infection.

tissues, blood and kidney were most responsive of IL-8 induction, followed by intestine, liver and gill. The induction
of IFN-γ gene expression was also enhanced in S. uberis–
infected fish tissues (figure 8c). It reached a peak at 6 h in
blood (~ 38-fold), kidney (~ 13.3-fold), intestine (~2.3-fold),
liver (~ 2.1-fold) and gill (~ 1.9-fold), and with the advancement of time, the induction declined gradually.

Next, we analysed the expression of IL-1β, IL-8 and IFNγ gene expression in A. hydrophila–infected mrigal at various time points. Among the tested tissues, the highest induction of IL-1β gene expression was observed in the intestine
(figure 9a). In gill, liver and blood, there were variations in
IL-1β induction. However, in the infected fish kidney, there
was no change in IL-1β gene expression as compared to
J. Biosci. 38(3), September 2013
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Figure 6. Modulation of NOD2 expression following S. uberis and A. hydrophila infection. S. uberis (1×107 CFU/fish) or A. hydrophila
(1×106 CFU/fish) was injected into mrigal fingerlings by i.p. route. After 6, 12 and 24 h, total RNA was extracted from the gill, liver,
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difference (p<0.05) between the control and treated fish group is indicated with asterisks (*). (a) S. uberis and (b) A. hydrophila infection.

control. As shown in figure 9b, the expression of IL-8 was
enhanced in gill, liver, intestine and blood of A. hydrophila
infected fish. In gill and liver, a gradual increase of IL8 expression was observed over time, and it reached its peak
at 24 h p.i. In blood, IL-8 expression was maximum (~7fold) at 6 h, and in kidney, it remained unchanged as compared to control. Induction of IFN-γ gene expression was
highest in the intestine and blood of infected fish as
J. Biosci. 38(3), September 2013

compared to controls (figure 9c). Among all examined tissues, the highest induction of IFN-γ was observed in blood at
6 h p.i. (~ 10-fold). At 24 h, IFN-γ expression in blood was
almost equal to the expression in intestine at 12 and 24 h p.i.
A gradual increase in IFN-γ gene expression was observed at
6 h to 24 h in gill and intestine. In liver and kidney, there
were no significant changes in IFN-γ gene expression between the control and treated fish groups.
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Figure 7. Modulation of RICK expression following S. uberis and A. hydrophila infection. S. uberis (1×107 CFU/fish) or A. hydrophila
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4.

Discussion

The innate immune system is the only defence weapon of
invertebrates and a fundamental defence mechanism of fish
(Magnadottir 2006). It provides a rapid response to

potentially harmful pathogens, and activates the defence
mechanisms to prevent or minimize the tissue damage.
NOD1 and NOD2 are two important members of NLR
family that function as innate immune receptors. This report
describes partial cloning and expression of NOD1, NOD2
J. Biosci. 38(3), September 2013
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Figure 8. Modulation of IL-1β, IL-8 and IFN-γ expression following S. uberis infection. S. uberis (1×107 CFU/fish) was injected
into mrigal fingerlings by i.p. route. After 6, 12 and 24 h, total RNA
was extracted from gill, liver, kidney, intestine and blood. Realtime PCR was conducted to analyse IL-1β, IL-8, IFN-γ and β-actin
expression in various organs/tissues. The results were expressed as
mean ± standard errors (bars) from three fish (n=3) after normalizing the values with β-actin (internal control). Significant difference
(p<0.05) between the control and treated fish group is indicated
with asterisks (*). (a) IL-1β and (b) IL-8 and (c) IFN-γ expression.

and RICK in mrigal, a commercially important freshwater fish species in the Indian subcontinent. Mrigal NOD1
and NOD2 showed ~ 90% nucleotide sequence identity
with their similar counterparts in rohu, grass carp and
zebrafish. However, RICK gene in mrigal and zebrafish
shared ~ 93% identity in their nucleotide sequence. As
all these fish species belonged to the Cyprinidae family,
they were expected to share maximum homology in
these gene sequences.
In mrigal, tissue-specific expression analysis revealed
higher expression of NOD1 in liver as compared to
kidney and spleen. Similar findings of higher NOD1
expression in liver was previously reported in orange
spotted grouper (Hou et al. 2012) and olive flounder
(Park et al. 2012). In rainbow trout, NOD2 expression
was much higher in muscle than kidney and spleen
(Chang et al., 2011). In rohu, it was highly expressed
in liver followed by blood (Swain et al. 2012a). These
findings in various fish species may indicate the important role of liver as an innate immune organ in addition
to kidney and spleen.
RICK functioned as the common downstream adaptor
molecule in NOD1 and NOD2 signalling pathways. The
constitutive expression of RICK with varied magnitude
was previously been reported in various organs/tissues of
zebrafish (Chang et al. 2010) and rohu (Swain et al. 2012b).
In mrigal, all tested tissues expressed RICK, but the pattern
of expression was significantly different from previously
reported fish species. Wide expressions of NOD1, NOD2
and RICK in various organs/tissues indicate the importance of NOD signalling in regulating anti-microbial
activity.
In NOD signalling pathway, various chemokines and proinflammatory cytokines were induced as effector molecules
(Bourhis et al. 2007; Monie et al. 2009). In mrigal, both in
vivo and in vitro treatment of iE-DAP and MDP activated
NOD1 and NOD2 signalling respectively with the inductive
expression of downstream signalling molecules, viz RICK,
IL-1β, IL-8 and IFN-γ. The data in this fish species and
higher vertebrates, NOD1 and NOD2 receptor signalling
(Chamaillard et al. 2003; Takahashi et al. 2006; Lecine et
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al. 2007; Park et al. 2007; Rosenweig et al. 2009) indicates
the conservation of innate immune signalling from lower to
higher vertebrates.
India ranks third among the world freshwater fish
producers (FAO 2003) with commercial culture of
Indian major carps comprising of rohu (Labeo rohita) catla
(Catla catla) and mrigal (Cirrhinus mrigala). However, various diseases caused by pathogens belonging to the genus
Aeromonas, Streptococcus, Psedumonas, Edwardsiella,
Flavobacterium, etc., play a major role in mortality and morbidity of the Indian major carps (Bootsma et al. 1977; Kumar
et al. 1986; Karunasagar et al. 1989; Shome et al. 1996;
Sudheesh et al. 2012). In mammals, NOD1 and NOD2 were
shown to be involved in sensing both Gram-negative and
Gram-positive bacterial infections (Marriott et al. 2005;
Clarke et al. 2010; Chauhan and Marriott 2010; Hasegawa et
al. 2011; Kim et al. 2011). In catfish, NOD1 was induced in
Edwardsiella ictaluri infection (Sha et al. 2009), in olive
flounder following Edwardsiella tarda and Streptococcus
iniae infections (Park et al. 2012), and in rohu, both NOD1
and NOD2 were induced in A. hydrophila infection (Swain et
al. 2012a, b). In mrigal, NOD1 and NOD2 receptors were
induced in Gram-positive and Gram-negative bacterial infections, leading to the activation of RICK and induction of
various cytokine gene expression. However, as expected
NOD1 induction in mrigal following Gram-negative bacterial
(A. hydrophila) infection was much higher and quicker than
the Gram-positive bacteria (S. uberis). Similarly, NOD2 induction in majority of the tissues was greater in S. uberis
than in A. hydrophila infection. Induction of RICK gene
expression at various time points, mostly correlated with
NOD1 and NOD2 gene expression in A hydrophila–
infected fish tissues. In S. uberis infection, except in
blood, RICK expression in other tissues was highest at
24 h post infection. However, in liver and kidney,
higher induction of RICK was observed at 6 h, that
decreased at 12 h and again increased at 24 h. Similar
type of variation in RICK gene expression at different
time courses was previously been reported in orange
spotted grouper (Hou et al. 2012). However, to understand the detail mechanism of RICK activation and
downstream signalling, further works are required on NOD
receptor signalling in fish.
In conclusion, this report describes partial cloning and
expression analysis of NOD1 and NOD2 receptors and
adaptor molecule, RICK in mrigal. Both in vivo and in
vitro stimulation with iE-DAP or MDP ligand activated
NOD1 and NOD2 receptor signalling, respectively, with
the inductive expression of RICK, IL-1β, IL-8 and IFNγ. Similar findings were also noted with Gram-positive
and Gram-negative bacterial infections. The present findings demonstrate that NOD receptor in mrigal may play
an important role in inhibition of bacterial infection and
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Figure 9. Modulation of IL-1β, IL-8 and IFN-γ expression fol6
lowing A. hydrophila infection. A. hydrophila (1×10 CFU/fish)
was injected into mrigal fingerlings by i.p. route. After 6, 12 and 24
h, total RNA was extracted from gill, liver, kidney, intestine and
blood. Real-time PCR was conducted to analyse IL-1β, IL-8, IFN-γ
and β-actin expression in various organs/tissues. The results were
expressed as mean ± standard errors (bars) from three fish (n=3)
after normalizing the values with β-actin (internal control). Significant difference (p<0.05) between the control and treated fish group
is indicated with asterisks (*). (a) IL-1β and (b) IL-8 and (c) IFN-γ
expression.

may be functionally similar to the mammals and other
teleost counterparts.
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