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Nervous necrosis virus (NNV) is classified as betanodavirus of Nodaviridae, and has caused mass mortality
of numerous marine fish species at larval stage. Antimicrobial peptides (AMPs) play an important role
of innate immunity either against bacterial pathogens or viruses. Up to date, little is known if any AMP
could effectively inhibit fish nodaviruses and its mechanism. In this study, the antiviral activities of three
antimicrobial peptides (AMPs) against grouper NNV (GNNV) were screened in the fish cell line. Two of the
three AMPs, tilapia hepcidin 1-5 (TH 1-5) and cyclic shrimp anti-lipopolysaccharide factor (cSALF), were
able to agglutinate purified NNV particles into clump, and the clumps were further confirmed to be viral
proteins by TEM andWestern blot. The NNV solution, separately pre-mixedwith AMP (TH 1-5 or cSALF) or
deionized-distilled water for 1 h, was used to infect GF-1 cells, and the levels of capsid protein in the
GNNV-AMP-infected cells at 1 h post infectionweremuch lower than that in the GNNV-H2O-infected cells,
indicating that only a small portion of viral particles in the GNNV-AMPmixture could successfully infected
the cells. Treatment of cBB cells with TH 1-5 and cSALF did not induce Mx gene expression; however,
grouper epinecidin-1 (CP643-1) could induce the expression of Mx in the pre-treated cBB cells. This study
revealed three AMPs with anti-NNV activity through two different mechanisms, and shed light on the
future application in aquaculture.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Coexisting with diverse pathogens in nature, living organisms
have evolved various strategies to combat against them. Despite
species variation, antimicrobial peptides, a robust weapon in innate
immunity, were widely found in plants and animals. To date, about
1500 AMPs have been identified [1]. In addition to theAMPs reported
in insects andmammals, for example, cecropins and defensins, more
AMPs were found in marine teleosts, such as epinecidin in groupers
[2] and pleurocidin inflounders [3]. AMPs reports inmarine fish have
been published, including hepcidin [4], misgurain [5], pardaxin [6],
parasin [7], and LEAP-2 [8]. AMPs can be constitutively expressed
or induced uponpathogen invasion [9]. These small peptides, usually
ranging from 12 to 50 amino acids, are mostly cationic, amphipathic,
small peptides with low molecular weight ranging approximately
from1 to 5 kDa, although someAMPs consist of anionic peptides [10].
These AMPs possess broad-spectrum antimicrobial abilities
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against Gram-positive or -negative bacteria, fungi, parasites and
viruses. Apart from interacting directly with pathogens and lead to
membrane disruption via interaction with certain bacterial compo-
nents [11], AMPs also exert their effects by modulating the adaptive
immune response [12] or acting as chemokines to recruit other
effector cells [13]. Many reports have indicated their antiviral activ-
ities, for example, defensins can inhibit infection of enveloped viruses
includingHIV-1 [14], influenza Avirus [15], herpes simplex virus [16],
as well as non-enveloped viruses such as human adenovirus (HAdV)
[17] and human pappilomavirus [18]. However, little is known about
if any AMP exerts its antiviral activity against NNV e the pathogen
that primarily causes mass mortality of many marine cultured
fish species.

NNV is a non-enveloped virion with diameter of 25e34 nm and
two segments of single-stranded RNA genomes, and is classified as
b-nodavirus (or fish nodavirus) of Nodaviridae. The RNA-dependent
RNA polymerase (RdRp) of NNV is translated from RNA1, and its
capsid protein is translated from the RNA2. A subgenomic RNA
(RNA3) transcribed from the 30 end of RNA1 was found to encode B2
protein, which is able to antagonize cellular RNA interference [19,20].
Clinical signs of NNV-infected fish include abnormal swimming
behavior, darkened body coloration, and vacuolation of brain and
retina [21]. Studies against NNVwere focused on the development of

mailto:zoocjy@gate.sinica.edu.tw
mailto:shauchi@ntu.edu.tw
www.sciencedirect.com/science/journal/10504648
http://www.elsevier.com/locate/fsi


T.-J. Chia et al. / Fish & Shellfish Immunology 28 (2010) 434e439 435
vaccine, immuno-stimulants and othermeans [22,23]. However, ever
since the first report on the antiviral activities of cecropin B against
infectious hematopoietic necrosis virus (IHNV), viral hemorrhagic
septicemia virus (VHSV), snakehead rhabdovirus (SHRV), and infec-
tious pancreatic necrosis virus (IPNV) [24], more emerging studies
are highlighting the benefits of AMP application on disease control,
for example, not eliciting resistance in bacteria, compared with
conventional antibiotic therapeutics. In this study, we examined the
antiviral activities of three AMPs against NNV in fish cells, and
elucidated their anti-NNV mechanisms in vitro.

2. Material and methods

2.1. Cells, viruses and AMPs

Grouper fin-1 (GF-1) [25] and cured barramundi brain (cBB) [26]
cell lines were grown at 28 �C in Leibovitz's L-15 medium (GIBCO)
separately supplemented with 5% and 10% foetal bovine serum (FBS).
The NNV strain, G9508KS, isolated from grouper larvae infected
withNNV [27],was propagated onGF-1 cells, andwas titrated inGF-1,
using L-15 medium supplemented with 1% FBS.

Three AMPs, including grouper epinecidin-1 (CP643-1) (Acces-
sion number AY294407) [28], tilapia hepcidin 1-5 (TH 1-5) [4], and
cyclic shrimp anti-lipopolysaccharide factor (cSALF) [29], were gifts
from Dr. J.Y. Chen. Each AMP was dissolved in sterilized deionized-
distilledwater (ddH2O) to the final concentration 1000 mgml�1, and
stored at �80 �C until use.

2.2. Determination of the maximal non-cytotoxic
concentration of AMPs to GF-1 and cBB cells

Each AMP was subjected to serial 2-fold dilution with L15
medium supplemented with 1% or 2% FBS, and each dilution was
applied on GF-1 or cBB cells pre-seeded in 96-well plates. After 6
days of incubation, cellmorphologywas examined, and themaximal
non-cytotoxic concentration of each AMP to GF-1 or cBB cells was
determined and used for the following antiviral activity assay.

2.3. Antiviral activity assay

NNV was pre-treated with each AMP in the presence or absence
of 1% FBS and titrated in the GF-1 cells to determine the effects of
FBS on the antiviral activities of three AMPs. NNV (1010 TCID50ml�1)
was 100-fold diluted in L15mediumwith orwithout 1% FBS, and the
diluted NNV (108 TCID50 ml�1) solutions were separately treated
with the same volume of AMP (1000 mg ml�1) at 28 �C for 24 h. The
AMP-treated NNV solution was then diluted to the maximal non-
cytotoxic concentration of each AMP, and titrated in GF-1 cells.

To test the sole effect of AMP on GF-1 cells, the cells in 96-well
plate were treated with AMP for 24 h, and then infected with
10-fold serial diluted NNV after removing AMP.

During viral titration, cells were incubated with L-15 medium
containing 1% FBS. Viral titres were recorded on the 6th day post
infection (dpi). The neutralization activity of AMP against NNV was
expressed as logarithm of the neutralization index (NI ¼ viral titre
without AMP treatment/viral titre with AMP treatment). Neutrali-
zation activity is considered validwhen logNI value is above 1.7 [30].

2.4. Dose-dependent effect of TH 1-5 and cSALF

To examine if the antiviral activity of TH-1 and cSALF is dose-
dependent, NNV (1010 TCID50 ml�1) was separately pre-treated
with 250, 500 and 1000 mg ml�1 of TH 1-5 or cSALF with a volume
ratio of 1:1 at 28 �C for 24 h. The AMP-NNVmixtures were 100-fold
diluted to bring down the AMP concentration to a level that would
be non-toxic to GF-1 cells in each set. The 100-fold diluted AMP-
NNV mixtures and the 100-fold diluted NNV solution were then
titrated in GF-1 cell. The log NI values were determined 6 dpi.
The experiments were performed in triplicate.

2.5. The effect of AMP on the adsorption
and entry of NNV to GF-1 cells

The NNV (1010 TCID50 ml�1) was pre-treated with TH 1-5 or cSALF
(1000 mg ml�1) or ddH2O with a volume ratio of 1:1 at 28 �C for 24 h,
and applied for viral adsorbing on GF-1 cells for 1 h prior to western
blot analysis. Thereafter, the NNV-infected GF-1 cells were washed
with PBS for 3 times, and the harvested cells were lysed in the buffer
containing 1% NP-40, 50mMTris (pH 8.0),1mMDTTand 1� protease
inhibitor (Roche). The cell lysatewas laid on ice for 30min, and cleared
by centrifugation at 12,000 � g at 4 �C for 15 min. The protein
concentration of the samples were adjusted to 10 mg, and applied for
10% SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Following
SDS-PAGE, proteins were eletrophoretically transferred to a PVDF
membrane (Millipore). Themembranewas blockedwith 5% skimmilk
in TBS buffer containing 0.1% Tween 20 for 1 h at room temperature,
and reacted with purified antibodies against NNV capsid protein.
After TBSbufferwashing, themembranewas reactedwithperoxidase-
labeled goat anti-rabbit IgG (KPL), and the signals were developed
by LumiGLO chemiluminescent substrate (KPL), and visualized by
autoradiography. The internal control, actin, was reacted with anti-
actin mAb (CHEMICON), and then with alkaline-phosphatase (AP)-
conjugated goat anti-mouse IgG antibody (KPL). The colour of protein
bands was developed by reactionwith BCIP/NBT substrate Kit (KPL).

2.6. Purification of NNV

GF-1 cells were infected with NNV (MOI ¼ 1). After 6 days, NNV-
infected cells with the culture medium were collected and centri-
fuged at 8000� g for 20min at 4 �C. The cell pellet was resuspended
in TET buffer (100 mM Tris HCl, 1 mM EDTA, 0.1% Triton X-100,
pH ¼ 7.2), and then centrifuged at 8000 � g for 20 min at 4 �C. The
supernatants derived from the first and the second centrifugations
were mixed, laid over 20% sucrose, and centrifuged at 100,000 � g
for 3 h at 4 �C. All the sediments were resuspended in 2 ml of TET
buffer at 4 �C overnight, and centrifuged at 12,000 � g for 15 min
at 4 �C. The viral stocks were layered on 36% CsCl, and centrifuged at
157,000� g for 20 h at 16 �C. The visible virus bandwas collected and
dialyzed with PBS at 4 �C for overnight. The dialyzed NNV was then
stored at �80 �C.

2.7. Electron microscopy

The purified NNV (9.3 mg ml�1) was treated with the same
volume of TH 1-5, cSALF, Hep 2-2 (1000 mg ml�1) or sterilized
ddH2O, and incubated at 28 �C for 24 h. Each mixture was added on
the grid, stained with 1% phosphotungstic acid (PTA) and observed
under TEM (HITACHI, H-7650, Japan).

2.8. Detection of NNV in the supernatant and the
agglutinates of AMP-NNV mixture

To examine if the NNV virions were agglutinated by AMP treat-
ment, NNV (1010 TCID50 ml�1) was treated with TH 1-5 or cSALF
(1000 mg ml�1) with a volume ratio of 1:1 at 28 �C for 24 h. The
supernatants and agglutinates were further separated by centrifu-
gation at 12,000 � g at 4 �C for 10 min. The supernatant and the
insoluble agglutinates which were resuspended in 8 M urea were
analyzed by western blot using anti-NNV polyclonal antibodies.



Fig. 1. The impact of FBS on the antiviral activities of TH1-5 and cSALFwas different. NNV
in L-15mediumwith orwithout1% FBS, treatedwithTH1-5 or cSALFat 28 �C for 24h, and
then titrated in GF-1 cells. Log NI values were determined 6 dpi. Each value is the
mean � SD of three independent experiments conducted in triplicates. **, p ＜ 0.01.

Fig. 2. The antiviral activity of TH 1-5 and cSALF against NNVwas dose-dependent. NNV
was respectively treated with 250, 500 and 1000 mg ml�1 of (A) TH 1-5 and (B) cSALF at
28 �C for 24 h, and then titrated on GF-1 cells. Log NI values were determined 6 dpi. Each
value is the mean � SD of three independent experiments conducted in triplicates.
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2.9. The effect of salinity on the anti-NNV activity of TH 1-5- or cSALF

To demonstrate the effect of increasing salt concentration on
the solubility and the titre of AMP-treated viruses, NNV (108.5 TCID50
ml�1) was treated with TH 1-5 or cSALF (1000 mg ml�1) in L-15
medium (1% FBS) supplemented with 0, 150, 350 and 750 mM NaCl
at 28 �C for 24 h. The AMP-NNV mixtures were 100-fold diluted to
bringdown theAMPconcentration to a non-toxic level for GF-1 cells.
The 100-fold diluted AMP-NNV mixtures and the 100-fold diluted
NNV solutions were then titrated in GF-1 cell, and the log NI values
were determined 6 dpi.

2.10. Detection of Mx gene expression by RT-PCR

To elucidate if AMPs can induce Mx gene expression and
modulate immune system in cBB cells, three AMPs (epinecidin,
TH 1-5 and cSALF) were separately applied to cBB cells at non-
cytotoxic concentrations, and incubated at 28 �C for 24 h. NNV-
infected (MOI ¼ 10), and poly I:C-treated cBB cells were served as
positive controls. The extraction method of cellular RNA and
the RT-PCR program for detecting Mx RNA were accorded to the
published paper [26]. The forward primer sequence of Mx gene
is (50-CACCATGAACACCCTGAACC-30) and the reverse primer
sequence is (50-CTTCTGACCCCTGCACCTGACGA-30). Actin served as
an internal control, and the primer sequences for actin gene
include forward primer (50-CACTCAACCCCAAAGCCAACAGG-30)
and reverse primer (50-AAAGTCCAGCGCCACGTAGCACAG-30) [31].

3. Results

3.1. The maximal non-cytotoxic concentration
of three AMPs in GF-1 and cBB cells

In GF-1 cells, the maximal non-cytotoxic concentration was
determined to be 4 mg ml�1 for epinecidin (CP643-1), 16 mg ml�1

for tilapia hepcidin (TH 1-5) and cyclic shrimp anti-lipopolysac-
charide factor (cSALF), In cBB cells, the maximal non-cytotoxic
concentrationwas revealed to be 8 mg ml�1 for CP643-1, 64 mg ml�1

for TH 1-5, and 32 mg ml�1 for cSALF.

3.2. FBS affected the antiviral activity of some AMPs

The effects of serum supplement (1% FBS) on the antiviral
activities of 24-h treated AMPs against NNV at 28 �C were exam-
ined, and only TH 1-5 and cSALF showed antiviral activities against
NNV (Fig. 1). When FBS was absent in the medium, the antiviral
activity of TH 1-5 was significantly increased, while the changes in
the antiviral activity of cSALF was negligible in the absence of FBS.
However, the log NI of epinecidin either in the presence or absence
of FBS was all below 1.7, indicating that treatment of epinecidin on
NNV could not block the infectivity of the virions.

In addition, no difference was found among the NNV titres
determined in the GF-1 cells, with or without the pretreatment of
AMPs, indicating that TH 1-5, cSALF or epinecidin would not block
the viral receptor of GF-1 cells.

3.3. TH 1-5 and cSALF inhibited NNV infection
in a dose-dependent manner

To confirm if TH 1-5 and cSALF inhibit NNV infectivity in a dose-
dependent manner, the concentrations of the two AMPs were
adjusted to 250, 500 and1000 mgml�1. The antiviral activities of both
peptides increased with rising concentrations (Fig. 2). However,
unlike TH 1-5, whichwas effective against NNV (1010 TCID50ml�1) at
all concentrations, cSALF exhibited valid antiviral activity only when
the concentration was 1000 mg ml�1 (log NI > 1.7). The statistical
analysis revealed that the difference between 500 and 1000 mgml�1

of cSALF is significant (p < 0.01).

3.4. TH 1-5 or cSALF treatment reduced the adsorption
level of NNV to GF-1 cells

To investigate if TH 1-5 and cSALF directly act on NNV virions and
hamper their adsorption or entry into GF-1 cells, western blot was
applied to examine the level of NNV capsid protein in GF-1 cells 1 h
after the infection byAMP-treatedNNV. The results indicated that the
levels of viral capsid protein in GF-1 cells infected by AMP-treated
NNV were much lower than that in control cells (Fig. 3), suggesting
that TH 1-5 and cSALF might inhibit viral particles adherence or
penetration into host cells.



Fig. 3. TH 1-5 and cSLAF inhibited the binding of NNV and its entry into GF-1 cells.
NNV (1010 TCID50 ml�1) was treated with TH 1-5, cSALF or ddH2O at 28 �C for 24 h, and
then inoculated on GF-1 cells for 1 h. The cells were washed with PBS for three times
and harvested for western blot analysis.
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3.5. TH 1-5 and cSALF inhibited NNV infection
by agglutinating virions

The antiviral mechanism of TH-1 and cSALFwas examined in this
study. When NNV derived from the culture supernatant of infected
cells was treated with TH-1 or cSALF for 24 h, the sediment was
observed in the mixture. To confirm that the sediment was not
cellular or medium components, purified NNV (pNNV) was used for
AMP treatment. The sedimentwas observed once again inTH 1-5- or
cSALF-treated pNNV, but not in non-treated pNNV, ddH2O-treated
NNV, nor in themixture of pNNV and Hep 2-2 which did not exhibit
anti-NNV activity. The mixtures of each treatment were further
examined under TEM, and viral clumps were observed in TH 1-5
or cSALF-treated pNNV (Fig. 4), indicating that TH 1-5 or cSALF could
agglutinate virions. On the other hand, free virions were observed
in pNNV, ddH2O-treated pNNV and epinecidin-treated pNNV, indi-
cating that epinecidin could not agglutinate viral particles.

After the centrifugation of the AMP-NNVmixture, the supernatant
and the pellet were separately examined by western blot, using
NNV capsid protein-specific antibodies. Viral protein was detected
only in the pellets, instead of supernatant of TH 1-5 or cSALF-treated
NNV (Fig. 5A). On the contrary, the majority of viral protein resided
in the supernatant of ddH2O-treated NNV (Fig. 5B). This result
reconfirmed that TH 1-5 and cSALF inhibited NNV infection through
agglutinating viral particles into clump, interfering the viral adsorp-
tion and entry of cells.
Fig. 4. TEM observation of NNV aggregation induced by TH 1-5 and cSALF. Purified NNV wer
The mixtures were then negatively stained and examined by TEM. A, purified NNV; B, TH 1-
(bar ¼ 0.2 mm).
3.6. The increasing salt concentration did not change
the solubility and viral titre of AMP-treated NNV

To examine whether the agglutination of AMP-treated NNV was
due to the electrostatic forces between AMP and NNV virions, AMP-
treatedNNV solutionwas supplementedwith high concentrations of
salt which was used to disrupt electrostatic forces and abrogate the
agglutination of AMP-treated virions. However, after the supple-
ment of high salinity, neither the agglutinates in AMP-NNVmixtures
disappeared (data not shown), nor the viral titre of AMP-treated
NNV restored (Table 1). This might imply other mechanism, besides
electrostatic forces, may be involved in the binding between TH 1-5,
cSALF and NNV.

3.7. Grouper epinecidin-1 could induce Mx gene
expression in cBB cells

Mx gene expression can be induced in cBB cells by NNV infection
or poly I:C transfection [26]. In this study, cBB cells were pre-treated
with TH1-5, cSALF and grouper epinecidin-1 (CP643-1) for 24 h,
and Mx gene expression was examined by RT-PCR. The results are
demonstrated in Fig. 6. Minor Mx gene expression was found in the
cBB cells treated with grouper epinecidin-1 but not TH 1-5 or cSALF,
suggesting that the anti-NNV mechanism of grouper epinecidin-1
was different from that of TH 1-5 and cSALF.

4. Discussion

As a vital member in innate immunity, AMPs have a broad-spec-
trum of antimicrobial abilities including antiviral activity. After
examining three AMPs in the present study, we found that tilapia
hepcidin 1-5 (TH 1-5) and cSALF exhibited noticeable antiviral activity
in vitro by agglutinating NNV virions into clump and preventing viral
entry into cells, instead of modulating immune response of infected
cells. However, grouper epinecidin-1was the onlyAMP in this study to
induce minor Mx gene expression response in the treated cBB cells.
Therefore, the anti-NNVmechanismof TH1-5 and cSALFwasdifferent
from that of grouper epinecidin-1.

Hepcidin is an AMP first isolated from human blood [32] and
urine [33], mainly expressed in liver with dual roles, namely as an
antibacterial host peptide and iron homeostasis regulator [34].
e separately mixed with TH 1-5, cSALF, epinecidin or sterilized ddH2O at 28 �C for 24 h.
5-treated NNV; C, cSALF-treated NNV; D, Hep 2-2-treated NNV; E, ddH2O-treated NNV.



Fig. 5. Western blot analysis of NNV capsid proteins agglutinated by TH 1-5 and cSALF.
NNVwas treatedwith TH 1-5 or cSALF for 24 h, and then centrifuged. The pellets (A) and
the supernatants (B) were analyzed by western blot using NNV-specific antibodies.

Fig. 6. Detection of Mx gene expression in cBB cells after the treatment of three AMPs.
1-3, cBB cells separately treated with epinecidin, TH1-5 and cSALF; 4, NNV-infected
cBB cells; 5, poly I:C-transfected cBB cells; 6, cBB cells without any treatment.
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In fish, hepcidins were obtained by expressed sequence tags (EST)
from more than 20 species [35]. Hepcidins are highly conserved
among fish and human in their genome similarity and secondary
structure [36]. Moreover, they were both found in the liver of bass
and human, suggesting their similar physiological functions. Hepci-
din has been reported to be induced and expressed as an acute phase
protein upon bacterial and viral infection [37]. In our study, tilapia
hepcidin 1-5 (TH 1-5) (GIKCRFCCGCCTPGICGVCCRF) [4], apart from
its antibacterial function reported previously [34], exhibited anti-
NNV activity in vitro, either in serum-present or -absent medium.
Nevertheless, the log NI value of TH 1-5 decreased when serum
was present, as opposed towhen itwas absent, indicating that serum
to be a critical factor for the antiviral activity of TH 1-5. It is still
unknown which component(s) in the serum would interact with
a certain domain of TH 1-5 and perturbs its ability to agglutinate
NNV. However, the impact of serum was less important on another
AMP, cyclic shrimp (Penaeusmonodon) anti-lipopolysaccharide factor
cSALF, while exerting its anti-NNV activity.

The amino acid sequence of cSALF is ECKFTVKPYLKRFQ-
VYYKGRMWCP [29]. It exhibits antimicrobial ability against both
Gram-positive and -negative bacteria and is able to form an amphi-
pathic hairpin loop in the region of 20e21 amino acids in helical
length, which can form an LPS-binding motif, or disrupt viral func-
tions at the phospholipid membrane bilayer [29]. However, NNV is
non-enveloped, and the anti-NNVmechanism of cSALFwas achieved
byagglutinatingNNV capsidprotein, similar to that of TH1-5, and the
agglutination was irreversible, indicating that the two peptides
might change NNV virion or capsid protein from hydrophilic to
hydrophobic, causing the formation of aggregates. Some studies have
reported increased salt concentrations abrogate the binding abilities
of cationic peptides to viral proteins due to the interference of
Table 1
Increasing salt supplement did not restore the viral titre of NNV treated with TH 1-5
or cSALF at 28 �C for 24 h. The original titre of NNV was 108.5 TCID50 ml�1.

AMP NaCl

0 mM 150 mM 350 mM 750 mM

TH 1-5 5.5a 6.5 6.0 5.7
cSALF 6.7 6.5 6.3 6.0

a Viral titre (Log TCID50 ml�1).
electrostatic forces between them [38,39]. Since the antiviral mech-
anism of TH 1-5 and cSALF is achieved via agglutination, if increasing
salt could abrogate the binding between them, it would reflect on
the viral titre of AMP-treated NNV. However, NNV titres were not
restored after the supplement of high salinity in the AMP-treated
NNV mixtures, indicating that the agglutination of NNV through the
treatmentof TH1-5- and cSALFwasnot due to the electrostatic forces
or the binding between AMP and NNV.

Because the antiviral mechanism of TH 1-5 and cSALF is to
agglutinate NNV virions and reduce the level of free virions to infect
the cells, they might be exploited as pretreatment agents for VNN
disease control. The reported antiviral mechanisms of other AMPs
are diversified. For example, cecropin B is demonstrated to inhibit
IHNV, VHSV, SHRV and IPNV by direct disruption of viral envelope
and disintegration of viral capsids [24]; human a-defensins HD5
inhibits BK virus, by agglutinating its virions and forming aggregates
[39]; some defensins are shown to act like lectins, binding to both
HIV glycoprotein gp120 and cell surface receptor CD4, resulting in
the inhibition of infection [40]; however, a member of a-defensins,
human neutrophil peptide 1 (HNP1), is proved to up-regulate type I
interferon response gene of trout head kidney leukocytes [41].

The mice transfected with human b-defensin gene, show higher
antibacterial activity [42], and the administration of cSALF into mice
liver and spleen elevates the expression of certain cytokine genes,
including tumor necrosis factor (TNF) and Toll-like receptor 4 (TLR4)
[29]. Therefore, transfection of certain AMPs into appropriate cell
linesmight be an approach to evaluate the potential of gene therapy.

Wang et al. (2009) [43] have demonstrated that coincubation
of 10 ml of TH 1-5 (1000 mgml�1) or epinecidin-1 (100 mgml�1) with
10 ml of NNV (109 TCID50ml�1) for 10min before injection of grouper
larvae (body weight: 0.7 g), can increase 5-fold or 2-fold survival
rate compared to the control fishwhichwere injectedwith the same
volume of non-treated NNV.Moreover, the re-challenge of the AMP-
NNV-injected fish with NNV after 30 days show a higher survival
rate, suggesting that these two AMPs might be applicable to the
preparation of attenuatedNNVvaccine. The present study highlights
the antiviral activities andanti-NNVmechanismof TH1-5 and cSALF.
Better understanding of antiviral activity of AMPs and their biolog-
ical actions will be beneficial to their future possible application in
the aquaculture practice.
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