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(KIRV) infection
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Abstract

The present experiment was conducted to investigate the expression of innate immune-related genes
TLRY, type | IFN and Mx3 in tissues of kidney and spleen in juvenile koi (Cyprinus carpio L) after
induction with bacterial DNA (bDNA) stimulation, koi ranavirus (KIRV) infection, and combined
administration bDNA followed by the virus. The study revealed that the mRNA expression of TLR9 was
continuously upregulated in kidney between 24 h (35 fold) to 96 h (126 fold) in bDNA pretreated fish
infected with KIRV. TLR9 was upregulated in spleen from 1.1 fold (24 h) to 19 fold (96 h) when
stimulated with bDNA to 4.11 fold (96 h) upon virus administration. Type | IFN gene was upregulated in
spleen of koi at 24 h (50 fold) and decreased later till 96 h (1.08 fold) during virus infection. The
expression of IFN in both kidney and spleen was down regulated from 24 h to 96 h post infection in both
fish treated with bDNA and virus infected fish pre-treated with bDNA. Infection with KIRV induced
high Mx3 expression at 24 h in kidney in all three treatments, while it showed increasing trend in spleen
with high expression at 96 h especially in virus infected fish pretreated with bDNA. These studies
revealed that the mRNA expression profiles of immune-related genes in koi were stimulated by bDNA
and KIRV. The study also revealed the immune-stimulatory potency of bDNA to enhance innate immune
response similar to CpG ODNSs that could be used as adjuvant preparation in viral vaccines for fish

Keywords: Koi ranavirus, gene expression, Immune related genes, TLR9, Type | interferon, Mx-3,
bacterial DNA

1. Introduction
Koi is one of the most colourful varieties of common carp, grown by personal hobbyists and
also recognized as a cultured ornamental fish species for trade and export. Infection caused by
iridoviruses in koi has not been reported so far. However, recently the first occurrence of a
new ranavirus infection associated with mortalities was reported from koi in South India [,
An iridovirus disease outbreak causes several clinical signs mainly associated with death and
some time without any clinical signs depending on the infected host species . The family
Iridoviridae is further subdivided into five genera, Iridovirus, and Chloriridovirus that infect
the invertebrates while other genera of Ranavirus, Lymphocystivirus, and Megalocytivirus that
infect the cold-blooded vertebrates 1. Particularly genus of Ranavirus and Megalocytivirus are
now recognized as emerging pathogens that mainly affect the fish and amphibians . Reports
in the past 30 years indicate that the ranavirus infection causes several clinical signs, shows
considerable morbidity and mortality in ectothermic vertebrates including reptiles, amphibians
and fish [ 51, The first documentation of Santee-Cooper ranavirus-like viral agent of koi
ranavirus (KIRV) has been detected and isolated from infected koi in South India [,
The primary task of recognition of invading microorganisms involves action of different
germline-encoded innate immune sensors like pattern recognition receptors (PRRS), which are
toll-like receptors (TLRs), retinoic acid-inducible gene | (RIG-1) and RIG-I-like receptors
(RLRs) that target overlapping different classes of pathogens and share functional domains and
signal transduction pathways [l PRRs are rapid in recognizing the conserved microbial
structures, molecular motifs (pathogen associated molecular patterns; PAMPSs) as well as the
immunogenic endogenous molecules released by infected hosts P14, Viral and bacterial
infections activate the interferon (IFN) signalling mechanism of innate immunity. The
interferons (IFNs) are subdivided into three types including type I IFN (a and B), type II IFN
(y) and type III IFN (A1, A2, A3) that are primarily present in mammals and type | and type Il
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IFNs are stimulated directly due to virus infection [*?, except
type 1l IFNs. Diverse group of interferons stimulated genes
(ISG) including dsRNA dependent protein kinase R (PKR),
Mx and 2-5 oligo (A) synthetase (2-5 OAS) that are expressed
following virus infection inhibit replication of the virus in the
host cell through JAK-STAT pathway, which transmits the
signal to the nucleus by secreted IFNs 1316 The different
groups of bacteria and virus pathogens are recognized by
several intracellular TLRs such as TLR3, TLR7, TLRS, and
TLR9. Among these TLRs, TLR3, TLR7/8, and TLR9
particularly recognize the different classes of nucleic acids
like single-stranded RNA (ssRNA), double-stranded RNA
(dsSRNA) and CpG DNA respectively 171, TLR7, TLRS, and
TLR9 direct adaptor molecule of myeloid differentiation
factor 88 (MyD88) which mainly induce the immune
responses while TLR3/TLR22 depend on TIR domain-
containing adaptor-inducing IFN-B (TRIF) that mediate
downstream signalling pathways for the period of both virus
infection or PAMPs stimulation 18 ¥, MyD88 and TRIF are
generally activated to nuclear factor-kB (NF-kb) and
interferon regulatory factors-3/7 (IRF-3/7) %, CpG ODN's are
now recognized as immunomodulators capable of acts as
adjuvant with vaccines. However, as synthetic CpG ODNSs are
very expensive, in the present research work, an attempt is
made to find out the ability of bacterial DNA to act as an
immunomodulator in viral vaccines.

2. Materials and methods

2.1. Fish

The koi (Cyprinus carpio L) juveniles (average weight 10 g)
were obtained from the local ornamental fish farm
(Thoothukudi, India) and were maintained in 50 L rectangular
glass aquarium tank at a temperature of 29 + 1 °C. Before
starting the challenge study, the fish were acclimatized to
laboratory condition for 7 days prior to use in experimental
infection and fed a commercial diet twice daily.

2.2. Isolation of bacterial strain

Virulent Aeromonas hydrophila strain used for this study was
isolated from diseased Pangasius sp. A. hydrophila was
grown in Tryptic soy broth (TSB) and Tryptone soya
agar (TSA) at 37 °C. Bacterial suspensions were prepared in 5
ml of sterile TSB broth incubate overnight at 37 °C and 1 ml
overnight culture aliquots were inoculated into 100 ml of TSB
broth for mass culture incubate in shaking incubator at 37 °C.
The density of aliquot of overnight mass culture absorbance at
600 nm (OD600) measured on a double beam UV-V
spectrophotometer (Hitachi - Science & Technology, Japan).
The DNA was extracted using HIMEDIA kit as per the
manufacturer’s instructions. The concentration of extracted
DNA was measured by UV spectrophotometer at OD260 nm.

2.3. Viral strain and propagation

Indian strain of koi ranavirus (KIRV) isolated from infected
koi and characterized in the Department of Fish Pathology
and Health Management was used for this study [,
Epithelioma papillosum cypini (EPC) cell line was used for
isolation, propagation and infectivity assay of this virus. The
cell line was maintained in Leibovitz-15 (L-15) medium
(Gibco, USA) supplemented with 10% fetal bovine serum
(Gibco, USA) and 1x antibiotic-antimycotic solutions (Gibco,
USA) in 25 cm? cell culture flasks (Thermo, Korea) at 27 °C.

2.4. Immune stimulation and challenge of koi fish

During the treatment and challenge period, the fish was
sedated with 0.04 g/l benzocaine (Sigma, St. Louis, USA).
Koi is divided into four groups (9 fish/group) each in
duplicate was used for experimental study of gene expression
(Fig 1). First two groups of fish were administrated
intramuscularly (i.m) with 50 pl of phosphate buffered saline
(PBS). After 24 h PBS injection, one of these group of fish
were challenged intraperitoneally (i.p) with 50 pl KIRV (108°
TCIDso/ml) as PBS-virus group while the other group of fish
was administered with a repeat dose of PBS at the same
concentration as control PBS group. The next two groups of
fish were administered intramuscularly (i.m) with 50 ul of
bacterial DNA at 10ug/fish. After 24 h post-administration of
bacterial DNA stimulation, one of these group of fish were
challenged intraperitoneally (i.p.) with 50 ul virus (108°
TCIDso/ml) as bacterial DNA-virus group while the other
group of fish administered with a repeat dose of bacterial
DNA at the same concentration as control bacterial DNA
group. After 24, 48 and 96 h post-induction with bacterial
DNA or PBS, tissue samples such as kidney and spleen were
collected from both control and treatment groups (3fish/time
point) and stored in RNAlater (Qiagen) at — 80 °C until RNA
isolation.

2.5. Total RNA extraction, cDNA synthesis, and gene
sequencing

The level of expression of immune genes such as TLR9, IFN,
and Mx3 were evaluated in the experimental fish from test
groups by quantitative real-time RT-PCR method. Total RNA
was extracted from tissues of the kidney and spleen from
experimental fish in each group at 24, 48 and 96 h after
injection by using TRIzol reagent (Life Technologies)
according to the manufacturer’s instructions. Finally the
extracted RNA was eluted in 100 ul of DEPC treated RNase-
free distilled water. The 1 pg of total extracted RNA from
each sample was used for reverse transcriptase using the
cDNA Synthesis Kit (Thermo Fisher Scientific, USA). The
amplification of different immune related-genes and reference
gene [-actin (M24113) that degenerated primers were
designed based on the conserved region of following reported
genes of common carp (TLR9, GU809229; Type | interferon,
GQ168344; Mx3, EF635410) sequences from Genbank.
Details of primers are given in Table 1. The reaction mixture
contained 10 pl of extracted RNA with 10 pl of cDNA
synthesis mixture was prepared as per the manufacturer's
instruction. The reaction mixture was incubated at 25 °C/10
min; 37 °C/160 min and 85 °C/5 min.

2.6. Quantitative real-time reverse-transcriptase PCR for
immune genes

The Real-time PCR amplification was performed in Step-One
plus Real-Time PCR Detection system (ABI, Invitrogen, Life
sciences, USA) by using Power SYBR® Green PCR Master
mix (Thermo Fisher Scientific, USA). The 2 pl of aliquot of
cDNA was analyzed by gRT-PCR in the 25 pl reaction
mixture containing 12.5 pl of 2x power SYBR green
(Thermo, USA), 2 ul of each forward and reverse primer, and
6.5 ul of nuclease free-water. The standard cycling conditions
were as follows: 95 °C/10 min and 40 cycles of 95 °C/15 s, 54
°C/1 min for (TLR9Y, Mx3 and B-actin), 60 °C/1 min (type |
IFN), and 72 °C/1 min. All experiments were analyzed in
triplicates. The mRNA expression levels of immune genes
were calculated by using the comparative threshold cycle
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method (2-24€T) with B-actin gene as an internal control.

3. Results

For this study, juvenile koi fish were stimulated with bacterial
DNA and KIRV infection for elevation of antiviral genes. The
experimental fish groups were examined for the expression
immune-related genes like TLR9, type | IFN, and Mx3 in
tissues of the kidney and spleen in koi at 24, 48 and 96 h post-
challenge. The following results showed that treatment with
bDNA stimulation and KIRV infection modulates the immune
response in fish.

3.1. Expression of immune genes of TLR9Y, type I IFN and
Mx3 in kidney tissue of koi

The expression of TLR9 gene in kidney of koi when the fish
are infected with KIRV and treated with bDNA alone showed
146 and 351 fold inductions respectively, while virus infected
fish pre-treated with bDNA showed only 35 fold induction at
24 h post-induction (Fig. 2). At 48 h post induction, TLR9
expression was reduced, when fish administrated with KIRV
alone (1.23-fold) and virus infected fish pre-treated with
bDNA showed 2.15-fold inductions. On the other hand, fish
are treated with bDNA alone showed 3.88 fold inductions. In
96 h post-induction TLR9 gene expression was high on virus
infected fish pretreated with bDNA showed 126 fold
induction, compared to the infected fish with KIRV alone 2.7
fold induction. At the same time point, treatment with bDNA
alone showed 3.25 fold induction.

The expression of type | IFN gene in kidney of koi was 2513
and 2366 fold respectively in the virus infected fish pre-
stimulated with bDNA as well as induced with bDNA alone
compared to when fish are infected with KIRV alone (1744
fold induction) at 24 h post-induction (Fig.3). At 48 h post-
induction, IFN gene expression showed 100 fold induction in
the fish treated with bDNA alone, while expression reached to
normal level in other groups of fishes that were infected with
KIRV alone and KIRYV infected fish pretreated with bDNA.
IFN gene was expressed 306 fold induction in fish infected
with KIRV alone, while it was 3.6 fold following treatment of
fish with bDNA followed by KIRV infection at 96 h post-
induction. Treatment of fish with bDNA alone showed 384
fold induction.

Expression of Mx3 gene in kidney of koi stimulated with
bDNA alone showed 138 fold induction at 24 h. At the same
time, expression of Mx showed high (115 fold) induction in
virus infected fish pre-treated with bDNA, compared to the
KIRV infection alone which showed 90.44 fold inductions
(Fig. 4). At 48 h post-induction, the expression of Mx3 gene
in fish treated with bDNA alone showed 7.28 fold induction.
Expression of Mx3 gene in fish treated with bDNA alone
showed 4.65 fold induction while expression was.35 and 2.24
fold induction at 96 h in virus infected fish pretreated with
bDNA and fish infected with KIRV respectively

3.2. Expression of immune genes TLR9, IFN and Mx3 in
spleen tissue of koi

TLR9 gene was not up-regulated in the different treatment
groups at 24 h (Fig.5). Fish treated with bDNA alone showed
5.22 fold induction at 48 h followed by KIRV infected fish
pretreated with bDNA which showed 2.27 fold induction. The
expression of the gene showed 19 fold inductions in fish
stimulated with bDNA alone while 4.11 fold inductions found
on fish infected with KIRV at 96 h.

The expression of type | IFN showed 29 fold induction in

KIRV infected fish pretreated with bDNA at 24 h (Fig.6). At
the same time, fish infected with virus showed 50 fold
induction. At 48 h post-induction, fish infected with KIRV
showed 3.41 fold induction, while gene was down-regulated
in the other two groups of fish treated with bDNA alone and
KIRV infected fish treated with bDNA. At 96 h post-
induction, bDNA injected fish infected with KIRV showed 12
fold induction.

No upregulation of the gene Mx3 was observed in any
treatment group at 24 h (Fig.7). At 48 h post-induction, high
upregulation was found in bDNA injected fish infected with
virus showed 11.27 fold induction. At the same time, fish
treated with bDNA alone showed 3.07 fold induction and fish
infected with KIRV showed1.82 fold induction. At 96 h post-
induction, fish infected with virus showed 34.36 fold
induction. At the same time point, 19 fold induction was
observed in virus infected fish pre-treated with bDNA, while
fish treated with bDNA alone showed 10.90 fold inductions.

4. Discussion

4.1. Expression of the TLR9 in kidney and spleen tissue of
koi after stimulation

The unmethylated CpG motifs of bacterial DNA are
recognized by the innate immune system through the signal of
infectious threat that triggers the innate immune defence
mechanisms of the host animal. The present study
demonstrated for the first time the production of innate
immune-related genes such as toll-like receptors 9 (TLR9),
type | interferon (type I IFN) and Mx3 (antiviral genes) in
juvenile koi fish were induced by the use of bacterial DNA,
which acts as an immunomodulator. The expression of the
gene TLR9 in kidney and spleen tissues of koi was found
stimulated with bDNA and KIRV injection at different time
points of post induction as analyzed by gRT-PCR. The
present experiment result showed that the expression of TLR9
in Kidney tissue of koi highest level of up-regulation at 24 h
(146 fold) and later down-regulation was recorded at 96 h (2.7
fold) post infection in fish infected with virus. Whereas
continuous up-regulation of the gene in the kidney on KIRV
infected fish pre-treated with bDNA ranging from 24 h (35
fold) to 96 h (126 fold).

The mRNA expression of the gene TLR9 in spleen tissue of
koi continuously up-regulated from 24 h (0.60- fold) to 96 h
(4.11-fold) in fish infected with KIRV, while virus infected
fish pre-treated with bDNA showed up-regulation at 48 h
(2.27-fold) and later down-regulation at 96 h (0.45-fold). Our
result compared well with that of an earlier report where TLR
expression was down-regulated in response to CpG-B
compared to other class of CpG-A and CpG-C at 2™ day,
however slightly up-regulated at 5" day in Atlantic salmon
with TLR9 ligands ?3, CpG ODN are subdivided into A, B
and C which is characterized by their structural differences
and stimulation of different immune responses 22, In fish, A
and B ODNs, particularly the latter which includes ODN
2006, ODN1668 and ODN1826 have immunostimulatory
properties [25-2%],

In current study, expression of the gene TLR9 in the kidney of
koi treated with bDNA alone showed up-regulation at 24 h
(351-fold) and later down-regulation ranging from 48 h (3.89-
fold) to 96 h (3.24-fold). The expression of TLR9 gene in
spleen tissue was up-regulated in fish pretreated with bDNA
alone at 96 h (19-fold). The up-regulation of the immune-
related gene of TLR9 induced by CpG ODN was reported
from several fish species like Atlantic salmon, Japanese
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flounder and sea bream [ Experimental study of
megalocytivirus in Japanese flounder pre-treated with
different classes of CpG ODN like C3, C5, and C7, showed
that viral load was significantly reduced in fish tissues during
the experimental duration, suggesting that ODNs of C3, C5,
and C7 have antiviral properties . The bacterial DNA
contains unmethylated CpG motifs, which are recognized by
vertebrate innate immune defence system as well as induced
the non-specific immune responses B, The synthetic CpG
oligodeoxynucleotides (ODNs) up-regulated several immune
genes related to TLR9 signalling pathway, especially IRFs,
IL-1b, TLRY, type I IFN, and Mx in tissues of such as kidney,
spleen, liver in several fish species including Atlantic salmon,
gilthead sea bream and Japanese flounder 2% 27 30. 321 Present
study therefore indicated that the bDNA is almost equivalent
to CPG motifs capable of stimulating the immune genes.

4.2. Expression of type | IFN in kidney and spleen tissue of
koi after stimulation

The mRNA expression of the type | IFN has been reported
from several fish species including Atlantic salmon, channel
catfish, fugu, goldfish and zebrafish 3371, The expression of
type | IFN in kidney tissue of koi up-regulated at 24 h in all
the treatments and the fish pre-treated with bDNA followed
by KIRV infection showed highest expression profile (2513-
fold). In this study, highest upregulation of type I IFN was
found in kidney tissue of koi at 24 h and later it was declined.
This result corresponds to previous findings reported in
Atlantic salmon [32 34,

The expression of type | IFN in the spleen of koi was up-
regulated at 24 h (50- fold) in KIRV infected fish. At the
same time point, gene expression was continuously down-
regulated ranging from 48 h (3.41-fold) to 96 h (1.08-fold).
The level of type | IFN gene expression in spleen tissue of koi
when fish were pre-treated with bDNA followed by KIRV
infection was up-regulated at 24 h (29-fold) and decreased
later at 48 h and slightly increased at 96 h (12.02-fold). The
expression of type | IFN gene in spleen of koi infected with
KIRYV alone showed steady down-regulation from 24 h to 96
h. These results are in agreement with the previous reports of
type | IFN observed in all experimental groups at 1 and 2 day
post-infection with viral haemorrhagic septicaemia virus
(VHSV) in olive flounder (Paralichthys olivaceus) (8. These
results also agree to an earlier study which provided strong
confirmation for the existence of interferon (IFN) as an
antiviral innate immune defence mechanism in fish 71, The
results showed that the expression of type | IFN gene in
kidney was down-regulated from 24 h (2366-fold) to 96 h
(383-fold) in fish with bDNA stimulation similar to KIRV
infected fish treated with bDNA was down-regulated from 24
h (2513-fold) to 96 h (3.57-fold).

Current study indicated that the type | IFN gene expression
was mediated by viral infection and also bacterial stimulation
in tissues of kidney and spleen. The stimulation of gene
expression was high in viral infection compared to bacterial

stimulation. In an earlier report the type | IFN gene was not
detected in the uninfected common carp but was elevated by
imiquimod and poly I: C stimulation B, Type I IFN was
found expressed constitutively in the uninfected fish as well
as conspicuously up-regulated in virus infected fish such as
rainbow trout [l and olive flounder “4,

4.3. Expression patterns of Mx3 in kidney and spleen
tissue of koi after stimulation

The level of Mx3 gene expression in kidney tissue of koi was
up-regulated at 24 h (90-fold) in KIRV infected fish and
declined at 48 h (1.67-fold) and slightly increased at 96 h
(2.24-fold), while compared to fish treated with bDNA
followed by virus infection where it was up-regulated at 24 h
(115-fold) and remained at decreased level at 48 and 96 h
(3.35-fold).

The mRNA expression of Mx3 gene in spleen tissue of koi
was up-regulated from 48 h (1.82-fold) to 96 h (34-fold) in
KIRV infected fish. Similar nature of expression prevailed in
fish treated with bDNA at 48 h (11.28-fold) and 96 h (20-
fold). The mRNA expression of Mx3 gene was up-regulated
in kidney and spleen at 24 and 96 h after stimulation with
bDNA and virus infection showed that the treatment of fish
with bDNA could induce the antiviral activity and decrease
the viral load in the host animal. This observations in the
current study is similar to the earlier reports of mRNA
expression of Mx gene in Japanese flounder infected with the
HRV (Hirame rhabdovirus) which was up-regulated at 48 h
and peaked at 72 h (42l and other studies that revealed that the
dual infection of infectious pancreatic necrosis virus (IPNV)-
infectious haematopoietic necrosis virus (IHNV) up-regulated
Mx gene expression, which peaked at 2" day post-induction
and remained high until 71" day *3l. The mRNA expression of
Mx gene in olive flounder was significantly elevated at 1 day
post induction and remained elevated until 7 day post
induction after VHSV infection 81, The expression of Mx
gene in Atlantic salmon was detected at 2" day post induction
and later increased at 4™ day post induction and remained
undetected at 7" day post induction due to poly IC induction
(44, Expression of Mx gene stimulated by viral infection has
been reported in different fish species by several researchers
[4%, 45471 which also involved in the elimination of the viral
particles from the host 18, The findings indicated that Mx
gene is stimulated by the presence of IFN transcripts
occurring in animals 1° 54, The effective immunostimulatory
property of bacterial DNA in koi reported in our present study
on the immune related genes like TLRY, type I IFN, and Mx3
aids the main theme that the bacterial DNA can act as an
immunemodulator for fish viral vaccines. In the present study
on innate immune-related gene response of juvenile koi, we
report for the first time the role of bacterial DNA in inducing
innate immune response and induction of antiviral activity
indicated by Mx gene expression as well as its adjuvant
potential that could be effective in the control of ranavirus
infection in koi.

Table 1: Primers used in this study

Gene Primer Primers Sequences 5°’-3’ Product size (bp) | Accession No Reference
CCRINTFW TGCATATGGCTCGGCCAATA .
TyPe 1PN ™ CCRINTRE | GTCAAGACAAGAAACCTCACC 167 Q168344 | Kitao etal.
CCRTL9FW TAAGGTGGGTGGGGCTTTC
TLRI CCRTL9RE | CGGTAGTTGTTTGGTATGGCTTC 88 GU809229 Adamek et al. 51
Mx3 CCRMxRFW | TTGAAGGAGTAAAGAGGGCAGA 103 EE635410 '
CCRMxRRE GAATCCAGGGCGAGTTTCC
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B-actin CCRBACFW TCACCACCACAGCCGAGAG 110 M24113
CCRBACRE CAGGGAGGAGGAGGAAGCAG
MCPFORW TGATTGGCAACACTAGCG
[
KIRV MCP MCPREV CGTTGTAAGGCAGGGTCA 156 KJ939444 George et al.
FIRST INJECTION SECOND INJECTION

PBS injection 24
(50uly (PBS-PBS group)

PBS injection (50ul) ™

=

-
.
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PBS injection 24h PBS injection (50ul)
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Fig 1: Experimental design. (Expression of immune genes in koi induced by bacterial DNA and koi ranavirus (KIRV).
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Fig 2: Effect of bacterial DNA pre-treatment on TLR9 mRNA levels (Relative fold induction (2-22€T) in kidney after koi ranavirus challenge.
Samples were collected at 24, 48 and 96 h after the second injection.
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Fig 3: Effect of bacterial DNA pre-treatment on type | interferon mRNA levels (Relative fold induction (2-22CT) in kidney after koi ranavirus
challenge. Samples were collected at 24, 48 and 96 h after the second injection.
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Fig 4: Effect of bacterial DNA pre-treatment on Mx3 mRNA levels (Relative fold induction (222€T) in kidney after koi ranavirus challenge.
Samples were collected at 24, 48 and 96 h after the second injection.
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Fig 5: Effect of bacterial DNA pre-treatment on TLR9 mRNA levels (Relative fold induction (2-22€T) in spleen after koi ranavirus challenge.
Samples were collected at 24, 48 and 96 h after the second injection.
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Spleen - Type I interferon

60 -

50 -
5]
o0
5 40 -
=
<
= m Control
< 30 -
) = bDNA
2
= 20 - B Virus
)
=7 H bDNA-+virus

10

o0 - - | — .

24 48 96
Time point (h)

Fig 6: Effect of bacterial DNA pre-treatment on type | interferon mRNA levels (Relative fold induction (222€T) in spleen after koi ranavirus

challenge. Samples were collected at 24, 48 and 96 h after the second injection.
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Fig 7: Effect of bacterial DNA pre-treatment on Mx3 mRNA levels (Relative fold induction (2-22€T) in spleen after koi ranavirus challenge.

Samples were collected at 24, 48 and 96 h after the second injection.

5. Acknowledgement

Authors acknowledge with thanks the financial support in the
form of project grant on National Surveillance Programme for
Aguatic Animal Diseases by NFDB-NBFGR. This work
formed a part of the thesis of first author for award of MFSc
in Aquatic Animal Health from TNJFU.

6. References

1.

George R, John KR, Mansoor MM, Saravanakumar R,
Sundar P, Pradeep V. Isolation and characterization of a
ranavirus from koi, Cyprinus carpio L., experiencing
mass mortalities in India. Journal of Fish Diseases. 2015;
38:389-403.

Hedrick RP, McDowell TS. Properties of iridoviruses
from ornamental fish. Veterinary Research. 1995;
26:423-427.

Jancovich JK, Chinchar VG, Hyatt A, Miyazaki T,
Williams T, Zhang QY. Family Iridoviridae. In: Virus
Taxonomy, Ninth Report of the International Committee
on Taxonomy of Viruses (ed. by A.M.Q. King, M.J.

~571~

Adams, E.B. Carstens & E.J. Lefkowitz), Elsevier, San
Diego 2012, 193-210.

Chinchar VG, Hyatt A, Miyazaki T, Williams T. Family
Iridoviridae: poor viral relations no longer. Current
Topics in  Microbiology and Immunology. 2009;
328:123-170.

Chinchar VG, Robert J, Storfer AT. Ecology of viruses
infecting Ectothermic vertebrates the Impact of ranavirus
infections on amphibians. In: Hurst, C.J. (Ed.), Studies in
Viral Ecology: Animal Host Systems. Wiley- Blackwell,
Hoboken, NJ. 2011, 231-259.

Heine H. TLRs, NLRs and RLRs: Innate sensors and
their impact on allergic diseases-A current view.
Immunological Letters. 2011; 139:14-24

Altmann SM, Mellon MT, Distel DL, Kim CH.
Molecular and functional analysis of an interferon gene
from the zebrafish. Danio rerio. Journal of Virology.
2003; 77:1992-2002.

Wang Y, Li J, Han J, Shu C, Xu T. Identification and
characteristic analysis of TLR28: A novel member of the



Journal of Entomology and Zoology Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

TLR1 family in teleost. Developmental and Comparative
Immunology. 2016; 62:102-107.

Liu G, Zhang L, Zhao Y. Modulation of immune
responses through direct activation of Toll-like receptors
to T cells. Clinical and Experimental Immunology. 2010;
160:168-175

Brietzke A, Korytar T, Jaros J, Kollner B, Goldammer T,
Seyfert HM et al. Aeromonas salmonicida infection only
moderately regulates expression of factors contributing to
toll-like receptor signalling but massively activates the
cellular and humoral branches of innate immunity in
rainbow trout (Oncorhynchus mykiss). Journal of
Immunological Research. 2015: 901015
http://dx.doi.org/10.1155/2015/901015

Zhu LY, Nie L, Zhu G, Xiang LX, Shao JZ. Advances in
research of fish immune-relevant genes: A comparative
overview of innate and adaptive immunity in teleosts.
Developmental and Comparative Immunology. 2013;
39:39-62

Zhou Z, Hamming OJ, Ank N, Paludan SR, Nielsen AL,
Hartmann R. Type Il interferon (IFN) Induces a type |
IFN-like response in a restricted subset of Cells through
signalling pathways involving both the Jak-STAT
Pathway and the Mitogen-Activated Protein Kinases.
Journal of Virology. 2007; 81:7749-7758.

Samuel SE. Antiviral Actions of Interferons. Clinical
Microbiology Reviews. 2001; 14:778-809.

Bravo J, Real F, Padilla D, Olveira JG, Grasso V, Roman
L et al. Effect of lipopolysaccharides from Vibrio
alginolyticus on the Mx gene expression and virus
recovery from gilthead sea bream (Sparus aurata L.)
experimentally infected with Nodavirus. Fish and
Shellfish Immunology. 2013; 34:383-386.

Hu GB, Zhao MY, Lin JY, Liu QM, Zhang SC.
Molecular cloning and characterization of interferon
regulatory factor 9 (IRF9) in Japanese flounder,
Paralichthys olivaceus. Fish and Shellfish Immunology.
201439:138-144.

Grasso V, Padilla D, Bravo J, Roman L, Rosario I,
Acosta B et al. Immunization of sea bream (Sparus
aurata) juveniles against Photobacterium damselae
subsp. piscicida by short bath: effect on some
proinflammatory molecules and the Mx gene expression.
Fish and Shellfish Immunology. 2015; 46:292-296.

Sariol CA, Martinez MI, Rivera F, Rodriguez 1V, Pantoja
P, Abel K et al. Decreased dengue replication and an
increased antiviral humoral response with the use of
combined Toll-like receptor 3 and 7/8 agonists in
macaques. PLoS ONE. 2011; 6:4. doi:
10.1371/journal.pone.0019323.

Matsuo M, Oshiumi H, Yoshimizu M, Tsujita T, Mitani
H, Kasai H et al. Teleost TLR22 Recoghizes RNA
Duplex to Induce IFN and Protect Cells from
Birnaviruses. The Journal of Immunology. 2008;
181:3474-3485.

Su J, Heng J, Huang T, Peng L, Yang C, Li Q.
Identification, mRNA expression and genomic structure
of TLR22 and its association with GCRV
susceptibility/resistance in grass carp (Ctenopharyngodon
idella). Developmental and Comparative Immunology.
2012; 36:450-462.

Kawai T, Akira S. The role of pattern-recognition
receptors in innate immunity: update on Toll-like
receptors. Nature immunology. 2010; 11:5.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

~572~

Strandskog G, Skjaeveland I, Ellingsen T, Jorgensen JB.
Double-stranded RNA- and CpG DNA-induced immune
responses in Atlantic salmon: Comparison and synergies.
Vaccine. 2008; 26:4704-4715.

Carrington AC, Secombes CJ. A review of CpGs and
their relevance to aquaculture. Veterinary Immunology
and Immunopathology. 2006; 112:87-101.

Jorgensen JB, Johansen A, Stenersen B, Sommer Al.
CpG oligodeoxynucleotides and plasmid DNA stimulate
Atlantic salmon (Salmo salar L.) leucocytes to produce
supernatants with antiviral activity. Developmental and
Comparative Immunology. 2001; 25:313-321.
Martinez-Alonso S, Martinez-Lopez A, Estepa A, Cuesta
A, Tafalla C. The introduction of multi-copy CpG motifs
into an antiviral DNA vaccine strongly up-regulates its
immunogenicity in fish. Vaccine. 2011; 29:1289-1296.
Thim HL, lliev DB, Christie KE, Villoing S, McLoughlin
MF, Strandskog G et al. Immunoprotective activity of a
Salmonid Alphavirus Vaccine: comparison of the
immune responses induced by inactivated whole virus
antigen formulations based on CpG class B
oligonucleotides and poly I: C alone or combined with an
oil adjuvant. Vaccine. 2012; 30:4828-4834.

Takano T, Kondo H, Hirono I, Endo M, Saito-Taki T,
Aoki T. Molecular cloning and characterization of toll-
like receptor 9 in Japanese flounder, Paralichthys
olivaceus. Molecular Immunology. 2007; 44:1845-1853.
Cuesta A, Esteban MA, Meseguer J. The expression
profile of TLR9 mRNA and CpG ODNs
immunostimulatory actions in the teleost gilthead
seabream points to a major role of lymphocytes. Cellular
and Molecular Life Sciences. 2008; 65:2091-2104.
Skjaeveland I, lliev DB, Zou J, Jorgensen T, Jorgensen
JB. A TLR9 homolog that is up-regulated by IFN- in
Atlantic salmon (Salmo salar). Developmental and
Comparative Immunology. 2008; 32:603-607.

lliev. DB, Skjaeveland I, Jorgensen JB. CpG
oligonucleotides bind TLR9 and RRM-containing
proteins in Atlantic salmon (Salmo salar). BMC
Immunology. 2013; 14:12.

Zhou ZX, Zhang J, Sun L. C7: A CpG
oligodeoxynucleotide that induces protective immune
response against megalocytivirus in Japanese flounder
(Paralichthys olivaceus) via toll-like receptor 9-mediated
signalling pathway. Developmental and Comparative
Immunology. 2014; 44:124-132

Tassakka ACMAR, Sakai M. The in vitro effect of CpG-
ODNSs on the innate immune response of common carp,
Cyprinus carpio L. Aquaculture. 2003; 220:27-36.
Jorgensen JB, Johansen LH, Steiro K, Johansen A. CpG
DNA induces protective antiviral immune responses in
atlantic salmon (Salmo salar L). Journal of Virology.
2003; 77:11471-11479.

Altmann S, Korytar T, Kaczmarzyk D, Nipkow M, Kuhn
C, Goldammer T et al. Toll-like receptors in maraena
whitefish: Evolutionary relationship among salmonid
fishes and patterns of response to Aeromonas
salmonicida. Fish and Shellfish Immunology. 2016;
54:391-401.

Robertsen B, Bergan V, Rokenes T, Larsen R,
Albuquerque A. Atlantic salmon interferon genes:
cloning, sequence analysis, expression, and biological
activity. Journal of Interferon and Cytokine Research.
2003; 23:601-612.



Journal of Entomology and Zoology Studies

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

Long S, Wilson M, Bengten E, Bryan L, Clem LW,
Miller NW et al. Identification of a ¢cDNA encoding
channel catfish interferon. Developmental and
Comparative Immunology. 2004; 28:97-111.

Zou J, Yoshiura Y, Dijkstra JM, Sakai M, Ototake M,
Secombes C. Identification of an interferon gamma
homologue in Fugu Takifugu rubripes. Fish and Shellfish
Immunology. 2004; 17:403-409.

Zhang YB, Jiang J, Chen YD, Zhu R, Shi Y, Zhang QY
et al. The innate immune response to grass carp
hemorrhagic virus (GCHV) in cultured Carassius auratus
blastulae (CAB) cells. Developmental and Comparative
Immunology. 2007; 31:232-243.

Avunje S, Kim WK, Park CS, Oh MJ, Jung SJ. Toll-like
receptors and interferon associated immune factors in
viral haemorrhagic septicaemia virus-infected olive
flounder (Paralichthys olivaceus). Fish and Shellfish
Immunology. 2011, 1-8.

Kitao Y, Kono T, Korenaga H, lizasa T, Nakamura K,
Savan et al. Characterization and expression analysis of
type | interferon in common carp Cyprinus carpio L.
Molecular Immunology. 2009; 46:2548-2556.

Kileng O, Brundtland MI, Robertsen B. Infectious
salmon anaemia virus is a powerful inducer of key genes
of the type | interferon system of Atlantic salmon, but is
not inhibited by interferon. Fish and Shellfish
Immunology. 2007; 23:378-389.

Hu G, Yin X, Lou H, Xia J, Dong X, Zhang J. Interferon
regulatory factor 3 (IRF-3) in Japanese flounder,
Paralichthys olivaceus: sequencing, limited tissue
distribution, inducible expression and induction of fish
type | interferon promoter. Developmental and
Comparative Immunology. 2011; 35:164-173.

Lee JY, Hirono I, Aoki T. Cloning and sequences of
expression of Mx cDNA in Japanese flounder.
Developmental and Comparative Immunology. 2000;
24:407-415.

Saint-Jean SR, Perez-Prieto SI. Effects of salmonid fish
viruses on Mx gene expression and resistance to single or
dual viral infections. Fish and Shellfish Immunology.
2007; 23:390-400.

Lockhart K, Bowden TJ, Eills AE. Poly I: C-induced Mx
responses in Atlantic salmon parr, post-smolts and
growers. Fish and Shellfish Immunology. 2004; 17:347-
352.

Purcell MK, Kurath G, Garver KA, Herwig RP, Winton
JR. Quantitative expression profiling of immune response
genes in rainbow trout following infectious
haematopoietic necrosis virus (IHNV) infection or DNA
vaccination. Fish and Shellfish Immunology. 2004;
17:447-462.

Tafalla C, Chico V, Perez L, Coll JM, Estepa A. In vitro
and in vivo differential expression of rainbow trout
(Oncorhynchus mykiss) Mx isoforms in response to viral
haemorrhagic septicaemia virus (VHSV) G gene, poly I:
C and VHSV. Fish and Shellfish Immunology. 2007;
23:210-221.

Simora RM, Ohtani M, Hikima J, Kondo H, Hirono I,
Jung TS. Molecular cloning and antiviral activity of IFNb
promoter stimulator-1 (IPS-1) gene in Japanese flounder,
Paralichthys olivaceus. Fish and Shellfish Immunology.
2010; 29:979-986.

Ooi EL, Hirono I, Aoki T. Functional characterisation of
the Japanese flounder, Paralichthys olivaceus, Mx

49.

50.

51.

~573~

promoter. Fish and Shellfish Immunology. 2006; 21:293-
304.

Leong CC, Chapman TL, Bjorkman PJ, Formankova D,
Mocarski ES, Phillips JH et al. Modulation of natural

killer cell cytotoxicity in human cytomegalovirus
infection: the role of endogenous class | major
histocompatibility complex and a viral class |

homolog. The Journal of Experimental Medicine. 1998;
87:1681-1687.

Cuesta, A, Tafalla C. Transcription of immune genes
upon challenge with viral hemorrhagic septicaemia virus
(VHSV) in DNA vaccinated rainbow trout
(Oncorhynchus mykiss).Vaccine. 2009; 27(2):280-289.
Adamek M, Rakus KL, Chyb J, Brogden G, Huebner A,
Irnazarow | et al. Interferon type | responses to virus
infections in carp cells: In vitro studies on Cyprinid
herpesvirus 3 and Rhabdovirus carpio infections. Fish
and Shellfish Immunology. 2012; 33:482-493.



