VirusDis. (January—March 2014) 25(1):69-77
DOI 10.1007/s13337-013-0176-6

ORIGINAL ARTICLE

Construction of a recombinant eukaryotic vector for a grass carp
reovirus VP6 gene and its expression in vitro and in vivo

Yong Zhou - Yu-ding Fan - Ling-bing Zeng

Received: 21 July 2013/ Accepted: 29 October 2013 /Published online: 30 November 2013

© Indian Virological Society 2013

Abstract A recombinant plasmid expressing the VP6
inner capsid coding gene of grass carp reovirus (GCRV)
was constructed and expressed in a Ctenopharyng-
odon idellus kidney (CIK) cell line and grass carps. The
VP6 gene was amplified by RT-PCR, cloned into a pEGFP-
N1 eukaryotic expression vector and transfected into CIK
cells. Results from enhanced green fluorescent protein
(EGFP) experiments and flow cytometry showed highest
protein expression at 48 h. The immunoreactivity of fusion
protein was confirmed using an indirect immunofluorescent
assay. The specific binding between the fusion protein and
polyclonal mouse GCRV VP6-specific antiserum indicated
that the fusion protein was translated in vitro and had good
immunogenicity. An antiviral activity assay showed that
the virus titer was 100-fold lower in the GCRV VP6
expressed cells than in the pEGFP-N1 transfected cells.
The expression levels of three immune genes in the head
kidney of grass carps injected with the recombinant plas-
mid were used. Mx, TLR3 and IgM mRNA expression
increased sharply at the 1st and 15th days post-injection
(dpi). Specific antibodies were detected 30 days after
vaccination. Neutralizing titers of the antibodies in vacci-
nated fish detected ranged from 160 to 320. Intramuscular
injection of grass carps with 1 pg of pEGFP-N1-VP6 was
found to provide strong protection against GCRV. These
results suggested that the VP6 gene was a good candidate
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Introduction

The grass carp reovirus (GCRV), which causes hemorrhage
in about 85 % of the fingerling and yearling grass carp
population, is the first aquatic virus isolated and charac-
terized in China [5]. As a member of the genus aquareo-
virus and family reoviridea [15], GCRV has a multilayered
spherical structure and encloses a genome consisting of
eleven segments of dsRNA [11, 19]. It has been recognized
that GCRYV is the most pathogenic among all aquareovirus
isolates reported to date [1, 13]. Therefore, GCRV provides
a good model system to study aquareovirus replication and
pathogenesis and such studies also have significance in the
fish farming agriculture [6]. There are various vaccines to
prevent GCRYV, but none are effective [7, 27]. An inacti-
vated vaccine was applied as the main method to prevent
GCRYV, but this kind of vaccine has subtype specificity,
which limits its application [23].

DNA vaccines, compared to the traditional inactivated
vaccine, have several practical and immunological advan-
tages that make them attractive to the aquaculture industry.
The early success of DNA vaccines in animal models was
encouraging, but fish was unique in many aspects. Findings
using other classes of vertebrate, namely mammals and
birds, do not necessarily apply to aquatic animals [20].
However, more recent studies with reporter genes showed
that fish cells efficiently expressed foreign proteins enco-
ded by eukaryotic expression vectors [3, 9]. Therefore,
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DNA vaccine may be a better choice for vaccine con-
struction against GCRV. The protein GCRV VP6 encoded
by the segment 8 (S8) is similar to the o2 protein in
mammalian orthoreovirus (MRV) [6]. A recent report
showed GCRV VP6 is oval shaped with eight major helices
[28]. This protein binds on the outer surface of the VP3
inner shell at two instead of three positions as seen in
orthoreoviruses [12, 26]. Fang et al. [7] successfully con-
structed a co-expression vector and obtained high-level co-
expression of GCRV VP6 and enhanced green fluorescence
protein (EGFP) in a baculovirus expression system, which
provide useful evidence for establishing a stable system for
the structural proteins of GCRV expression. Recently, a
baculovirus transfer vector with dual promoters of GCRV
VP6 (pFastBac-FA-VP6-ph-VP6) was also constructed and
the oral vaccination of this vector could evoke antibody
response in grass carp against GCRV [10, 24].

In this paper, we report the co-expression of GCRV
VP6 and EGFP in a Ctenopharyngodon idellus kidney
(CIK) cell line. Moreover, GCRV VP6 protein expressed
in CIK cells was detected with an immunofluorescent
assay (IFA), and the fluorescent cells were quantified by
flow cytometry and observed by fluorescence micros-
copy. The cytopathic effect (CPE) assay was used to
determine the antiviral activity against GCRV induced by
pEGFP-N1-VP6 transfection in CIK cells. In addition,
the effect of a DNA vaccine expressing the GCRV VP6
on the kinetics of Mx [18], TLR3 [17] or IgM [21]
mRNA expression was assayed in the head kidney of
grass carp. Specific antibodies were detected on the 30th
day after vaccination. GCRV challenge trials were also
carried out in grass carp, and the effect of vaccination on
mortality was evaluated. This work will help us to
understand the interactions of GCRV with its host cell
and development of an effective vaccine against this
virus.

Materials and methods
Virus and cells

Hubei grass carp disease reovirus (grass carp reovirus
strain 104, GCRV104, CCTCC NO: V201217) was iso-
lated from Jingzhou, Hubei Province in China by our lab-
oratory [4]. The CIK cell line, established by Zuo et al.
[29], was used for the propagation of GCRV in transfection
experiments and for immunofluorescence studies. Cells
were grown at 28 °C in MEM medium (Sigma, USA)
supplemented with 100 IU/ml penicillin G (Sigma, USA),
100 mg/ml streptomycin (Sigma, USA), 2 mmol/L L-glu-
tamine and 10 % FBS (Hangzhou, China).
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Cloning of GCRV VP6 gene

Total RNA was extracted using Trizol reagent (Invitrogen,
USA) according to the manufacturer’s instructions. The
concentration and purity of the obtained RNA were mea-
sured spectrophotometrically (Eppendorf, Germany). The
primers were designed from the coding gene fragment of
GCRV VP6 (the accession no. JN967636). Two PCR
primers contained specific restriction enzyme digestion
sites (BamHI and HindIII) on the multiple cloning sites in
the expression vector pEGFP-NI1. First strand cDNA was
synthesized with Superscript II reverse transcriptase
(Invitrogen, USA). Briefly, RNA (5 pg) was incubated
with 1 pL of a GCRV VP6 sense primer S8-F (Table 1)
and 1 pL. of ANTP mix (10 mmol/L) for 5 min at 65 °C.
Subsequently, 4 pL of 5x first strand buffer and 2 pL DTT
(0.1 mol/L) was added, mixed and left for 2 min at 42 °C.
Finally, 1 pL of Superscript II reverse transcriptase was
added and the mixture was incubated at 42 °C for 50 min.
The reaction was stopped by heating at 70 °C for 15 min.
cDNA fragment encoding 1257 bp of GCRV104 VP6 gene
was amplified by PCR using S8-F and S8-R primers. The
reaction was carried out in 95 °C for 5 min, 30 cycles of
94 °C for 45 s, 55 °C for 45 s, 72 °C for 1 min and 72 °C
for 10 min. The AAG CTT ATG GCA sequence was
incorporated into the S8-F primer because the expression
vector used has no ATG initiation code.

PCR product was visualized on an ethidium bromide
stained 1.2 % agarose gel, which was recovered and puri-
fied with the Wizard SV Gel and PCR Clean Up System
(Promega, USA). The purified PCR product was sequenced
prior to and after cloning into the pEGFP-N1 (Clontech,
USA) vector to verify correct insertion. The construct was
designated as pEGFP-N1-VP6 and transformed into
chemically competent Escherichia coli TOP10 (Invitrogen,
USA). The positive clone was screened in selective plate of
ampicillin and then incubated at 37 °C overnight with
shaking. Recombinant plasmid DNA was isolated with the
Endo-free Plasmid Mini Kit (Omega, USA) following the
manufacturer’s instructions and the concentration was
measured in a spectrophotometer before the recombinant
plasmid was aliquoted and conserved at —20 °C.

Characterization of pEGFP-N1-VP6 in vitro

In order to characterize the pEGFP-N1-VP6 clone in vitro,
CIK cells were transfected with pEGFP-N1-VP6 using
Lipofectamine 2000 (Invitrogen, USA). The Lipofectamine
2000 transfection reagent was used at a ratio of 20 pl
Lipofectamine 2000: 8 pg recombinant plasmid DNA in
accordance with the manufacturer’s instructions. Some
transfected cells were examined at different times (day 1, 2,
3 and 4) for the presence of GCRV VP6 using fluorescence
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Table 1 Primers and probes used in this study for standard and RT-PCR analyses

Gene Accession Name Primers Product Cycles  Cycling conditions
no. size(bp)
GCRV VP6  HM234682  S8-F 5'-CCCAAGCTTATGGCACGTGTGGTT TATG-3’ 1,257 1x 94 °C 5 min
S8-R 5'-CGCGGATCCGTGGTTACGCGGGTCA-3' 30x 94 °C 455,56 °C 455, 72 °C 1 min
Mx AY395698 Mx-F 5'-ACGCTGTCCTCTGGTATTGA-3' 178 Ix 50 °C 2 min, 95 °C 10 min
Mx-R 5'-CATGACTGATCCCTTCTCCC-3' 40x 94 °C 15 s, 60 °C 1 min
TLR3 DQ864497 TLR3-F  5-TCTGTATCTTCGTCGTGG-3' 102 1x 50 °C 2 min, 95 °C 10 min
TLR3-R  5-TAATGCTGAGCGGAGTTT-3' 40x 94 °C 15 s, 60 °C 1 min
IgM DQ417927 IgM-F 5'-AACCATCTCCGCCGAAGTCAA-3' 177 1x 50 °C 2 min, 95 °C 10 min
IgM-R 5'-CACTCCCAAACGCTGGATACTG-3' 40x 94 °C 15 s, 60 °C 1 min
Actin M25013 Actin-F 5'-GATGATGAAATTGCCGCACTG-3' 151 Ix 50 °C 2 min, 95 °C 10 min
Actin-R 5'-TGGTCAGCCCGAAACTATC-3' 40x 94 °C 15 s, 60 °C 1 min

microscopy (Leica, DMIL LED). Meanwhile, at the times
(12, 24, 36, 48, 72 and 96 h), transfected cells were mea-
sured using a flow cytometry (Beck Man, Cell Lab-
Quanta™ SC) with a fixed 488 nm argon laser through the
FL-1 detection channel to count the EGFP-positive cells.
To obtain a stable transfected cell, which was carried out in
MEM growth medium supplemented with 10 % FBS and
400 pg/mL G-418 (Sigma, USA). The medium containing
G418 was changed every 2-3 days to compensate for loss
of selection pressure. After 30 days, surviving cells were
transferred to cell culture plates to obtain a cell line, which
stably expressed GCRV VP6. Meanwhile, stable cell line
was detected by fluorescence microscopy and flow
cytometry.

GCRYV VP6 expressed in CIK cells was detected with an
IFA, and the fluorescent cells were observed by fluores-
cence microscopy. Briefly, after incubation of transfected
and non-transfected CIK, cells were fixed with 3.7 %
formaldehyde in PBS for 15 min and permeabilized with
0.1 % Triton X-100 in PBS for 1 min. The cells were
washed with PBS and incubated with a polyclonal mouse
antiserum against GCRV (prepared in our laboratory) for
30 min at room temperature. After washing with PBS, the
cells were treated with a Cy3-labelled goat anti-mouse IgG
antibody (Jiangsu, China) and examined by fluorescence
microscopy (Nikon, Japan) [2].

A CPE assay was used to determine the antiviral activity
against GCRV induced by pEGFP-N1-VP6 transfected
CIK cells. This assay measures the percentage of cells
against virus-induced lysis by calculating the proportion of
cells that survive virus infection. Standard GCRV serum
(TCIDsy, = 10%%) was diluted into nine concentrations,
ranging from 10~" to 10~°. Monolayers of the transfected
cells (96 wells/sample) were infected with GCRV at vari-
ous concentrations and pEGFP-N1 (mock plasmid) trans-
fected cells were used as controls. The plates were
incubated at 28 °C with GCRV until a viral CPE developed

in the viral controls and the plates were then processed to
evaluate percentage of CPE in monolayer. The antiviral
activity was titrated on CIK cells by the TCID5, method
[14].

Characterization of pEGFP-N1-VP6 in vivo

Seven-month-old grass carps (mean weight 10 g) were
kindly provided by our experimental base, a facility with
no history of viral disease. Fish were kept under a 12/12 h
light/dark regime at 25 °C in 350 L closed re-circulating
water tanks. The fish were fed daily with a diet of com-
mercial pellets.

Fish were placed in a temperature controlled (25 °C)
80 L aquaria with dechlorinated water, and they were
acclimatized for 1 week. In each group, 15 grass carps
were t injected intramuscularly below the dorsal fin with
one of the following [2]: (1) 1 pg of pEGFP-NI1 diluted in
100 pL PBS; (2) 1 pg of pEGFP-N1-VP6 vaccine diluted
in 100 pL PBS. Three fish from each group were sacrificed
at 1, 2, 7, 15 and 30 dpi. Head kidney was removed
aseptically and processed to isolate the total RNA in order
to determine the expression of Mx, TLR3 and IgM mRNA
by real-time PCR.

Amplifications were carried out in a Rotor-Gene Q Real-
Time PCR Detection System (QIAGEN, Germany), using
primers designed to amplify the grass carp B-actin (as an
endogenous control), Mx, TLR3 and IgM genes (Table 1).
Primers designed to amplify the GCRV VP6 gene were
also used.

RT-PCR amplification was performed in a final volume
of 20 and 1 pL of cDNA was added to the following mix in
an individual PCR tube: 10 pL of iScript one-step RT-PCR
supermix (Bio Rad), 1 pL of iScript one-step RT-PCR
reverse transcriptase (Bio Rad), 7 pL. of dH,O and 1 pL of
a 20x mix containing the forward primer (18 pmol/L) and
reverse primer (18 umol/L). Fish injected with mock
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plasmids were used as the calibrator group for Mx, TLR3
and IgM. All samples were analyzed in triplicate and the
results were expressed as a relative fold increase. The data
were analyzed using the Rotor-Gene Q series Software and
the relative quantification (comparative method) was cal-
culated using “*Ct method [16]. All samples were nor-
malized to the “Ct value of a calibrator sample to obtain a
AACt value (Athrget — AAtha“brawr). The final relative
expression was calculated using the following formula:
F = 2_(ACtlargel_AAthalibmlor> [16].

The value of the target normalized to the B-actin was

expressed as 2 **Ct where 2Ct was determined by sub-

tracting the average [B-actin Ct value from the average
target Ct. The standard deviation of the difference was
calculated from the standard deviation of the target and -
actin values, and “*Ct = “Ct of samples of target gene ~
ACt of the calibrator.

Immunization and detection of neutralizing antibodies

The pEGFP-N1-VP6 plasmid (1 pg diluted in 100 pL of
PBS) was injected intramuscularly at the base of the dorsal
fin of fish. Control fish were injected with the empty
plasmid vector or with PBS. Treatment groups were placed
in 80 L aquaria and maintained as specified above. After
30 days, fish blood was collected by caudal puncture using
plastic disposable syringes with a 25-gauge needle (BD,
USA). The blood sample was left at 4 °C overnight, cen-
trifuged for 10 min at 1,600xg and the sera thereby iso-
lated was stored at —70 °C until analysis for antibody
production or the presence of virus-specific antibodies. A
neutralization test (NT) was used to evaluate the humoral
immune response against GCRV after DNA immunization.
Briefly, constant amounts of GCRV were mixed with two-
fold serial dilutions of fish sera, and the mixtures were
then assayed in triplicate on CIK cells. After incubation
for 3 days, the cell cultures were fixed and stained with
crystal violet solution (2 % in ethanol). The titre of a
serum was determined as the reciprocal of the serum
dilution that reduced the viral infectivity (TCIDsy mL™")
by approximately 50 % when compared to a negative
control.

Challenge test

In each group, forty grass carps were injected intramus-
cularly below the dorsal fin with one of the following: (1)
1 pg of pEGFP-N1 diluted in 100 pL. PBS; (2) 1 pg of
pEGFP-N1-VP6 vaccine diluted in 100 uL. PBS; (3)
100 pL. PBS. At 30 days after vaccination, each fish was
injected intramuscularly with 4.0 x 10® TCIDs, of GCRV
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strain 104 in 100 pL PBS [4]. Mortalities were recorded
daily for 14 days.

Results
Recombinant plasmid construction

The PCR product containing the 1257 bp segment of the
GCRYV VP6 gene was amplified from extracted RNA from
GCRYV infected CIK cells. The PCR amplified fragment
and pEGFP-N1 were digested with BamHI and HindIll,
respectively, and then ligated by T4 DNA ligase. Positive
recombinant plasmid pEGFP-N1-VP6 was identified by
restriction enzyme digestion, PCR amplification and
sequencing (data not shown). The gene had inserted into
the correct orientation and its sequence was identical to the
GCRYV VP6 reference strain (the accession no. JN967636).

Characterization of pEGFP-N1-VP6 in vitro

CIK cells were transfected with pEGFP-N1-VP6 using
Lipofectamine 2000 and detected by fluorescent micros-
copy (Fig. 1). The 2nd day after the cells were transfected
with pEGFP-N1-VP6, the percentage of fluorescent cells
was approximately 40 %, and thereafter there were grad-
ually fewer cells detected. When the CIK cells transfected
with pEGFP-N1-VP6 were screened by G418 in 1 month,
about 90 % fluorescent CIK cells were detected by fluo-
rescent microscopy, which reflects the expression of
GCRYV VP6 in a large proportion of cells.

In addition, EGFP was used in flow cytometry to
quantitatively analyze the interactions between the fusion
protein and CIK cells. As shown in Fig. 2b—g, blue wave
lines were evident in the cells transfected with pPEGFP-N1-
VP6, while nearly no fluorescence was detected in
untransfected cells (Fig. 2a). The expression of EGFP was
detected at 12 h (about 3.6 % of cells) after transfection,
reached 12 % of cells at 48 h, and then gradually became
weaker. The same result was observed with fluorescent
microscope and analysis with flow cytometry. When the
CIK cells transfected with the pEGFP-N1-VP6 were
screened by G418 after 1 month, the expression of GCRV
VP6 and EGFP fusion protein was detected in nearly all
CIK cells (Fig. 2h).

GCRV VP6 expression was assessed by IFA using a
polyclonal antiserum raised against the GCRV VP6. As
shown in Fig. 3, red fluorescence was evident in the cyto-
plasm of cells transfected with pEGFP-N1-VP6 (Fig. 31d),
while no fluorescence was detected in untransfected cells
(Fig. 3ctrl).



Construction of a recombinant eukaryotic vector

Fig. 1 pEGFP-N1-VP6
expressed in CIK cells. Images
were taken with white light (left)
and fluorescent light (right).
CIK cells expressing green
fluorescent protein on different
days (day 1, 2, 3 and 4) post
transfection with pEGFP-N1-
VP6 were examined by
microscopy and fluorescent
microscopy (control—4d) and
the CIK cells transformed with
pEGFP-N1-VP6 were screened
by G418 in 1 month (30d)
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Fig. 2 Flow cytometry evaluation of Ctenopharyngodon idellus kidney cells expressing pEGFP-N1-VP6. Untransfected cells (a); transfected
cells 12, 24, 36, 48, 72 and 96 h post-transfection (b—g), respectively; transfected cells are screened by G418 in 1 month (h)

Fig. 3 Immunofluorescent
staining of pPEGFP-N1-VP6
infected CIK cells. Images were
taken with white light (left) and
fluorescent light (right). The
CIK cells transformed with
pEGFP-N1-VP6 were first
detected as positive by
immunofluorescence on day 1
post-transfection. There was no
fluorescence in uninfected CIK
cells

Antiviral activity assay

Standard GCRV serum (TCIDs, = 10%*) was diluted into
nine concentrations, ranging from 10~' to 1077, and was
inoculated into the transfected CIK cells of each group,
respectively. The TCIDs, of GCRV VP6 expressing cells
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and pEGFP-N1 transfected cells was 10> and and 1072,
respectively. These results were confirmed in the virus
yield reduction assay, in which the virus titer was 100-fold
lower in the GCRV VP6 expressing cells than in pEGFP-
N1 transfected cells. All theses results suggested that
GCRYV VP6 has a direct or indirect antiviral effect against
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Fig. 4 Real-time PCR analysis 25 -
to study the changes in TLR3,
Mx and GCRV VP6 gene
expression after injection of
pEGFP-N1-VP6. Expression of
Mx, TLR3 and IgM genes in
grass carp receiving an
intramuscular injection (1 pg in
50 pL PBS) of empty plasmid
or pEGFP-N1-VP6. On day 1, 2,
3, 15, and 22, fish (n = 3 fish/
group) were sampled and head
kidney tissues were pooled and
processed to evaluate the gene
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GCRV in vitro, although the plasmid also induces some
protection against these viruses.

Real-time PCR analysis to study the expression changes
of TLR3, Mx and IgM genes after injection
with pEGFP-N1-VP6

The effect of the DNA vaccine expressing the GCRV VP6
on the kinetics of Mx, TLR3 and IgM mRNA expression
was assayed in the head kidney of grass carp. Fish injected
with pEGFP-N1 were used as negative controls. In the head
kidney of fish injected with pEGFP-N1-VP6, TLR3
expression was significantly up-regulated to 8-fold on the
Ist dpi when compared with the controls. The TLR3
expression decreased to basal levels on the 2nd day and
then progressively increased until reaching strong expres-
sion on the 15th day (20-fold). Similar changes were also
observed for Mx and IgM gene expressions (Fig. 4). In
addition, the permanence of GCRV VP6 expression at the
30th dpi was checked and confirmed by RT-PCR.

Levels of GCRYV specific antibodies

The ability of the VP6 protein expressed in the vaccinated
fish to induce specific anti-GCRYV antibodies was examined
in a neutralizing assay with serum samples from fish 30 days
post-vaccination. The level of anti-GCRV-neutralizing
antibodies is shown in Table 2. No antibodies were detected
in the PBS or pEGFP-N1 infected fish group, while in the
pEGFP-N1-VP6 vaccinated fish group the neutralizing titres
of the antibodies detected ranged from 160 to 320.

Protection of grass carp from GCRYV challenge

Fish vaccinated with the pEGFP-N1-VP6 DNA vaccine
were able to survive better than the controls after the
GCRYV challenge. Fourteen days after the GCRV challenge,

7 22

Days post vaccination

Table 2 GCRV neutralizing titres in sera from fish injected with
pEGFP-N1-VP6

pEGFP-N1-VP6 vaccined pEGFP-N1 infected  PBS infected

fish fish fish

Fish Titre Fish Titre Fish Titre
\"2! 320 N1 5 P1 5
V2 320 N2 5 P2 10
V3 160 N3 10 P3

V4 320 N4 10 P4

V5 160 N5 5 P5

Sera were obtained from individual fish at 30 days after DNA
injection. V, N and P are pEGFP-N1-VP6 vaccinated fish, pPEGFP-N1
injected fish and PBS injected fish, respectively

Table 3 Cumulative percentage mortality (%) and calculated RPS
values following challenge with GCRV in experimental groups of
DNA vaccinated fish by i.m. injection

Injected plasmid No. of injected virus: 4.0 x 10® TCIDs/fish

Mortalities death/total RPS*
pEGFP-N1-VP6 15 % (6/40) 83.33
pEGFP-N1 90 % (36/40) 0
PBS 90 % (36/40) -

% RSP Relative percentage survival = {1 — [% mortality (vacci-
nated)/% mortality (control)]} x 100

cumulative mortalities of the fish injected with 1 pg of
pEGFP-N1-VP6 were about 15 %, while the cumulative
mortalities of the control groups were 90 % (Table 3).

Discussion

The GCRYV, which is considered to be the most pathogenic
aquareovirus, can cause a large number of deaths in grass
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carp and adversely affect the progression of fresh water
aquaculture [5]. Although some experimental vaccines for
GCRV have been developed, only few have been com-
mercialized, and the protective effect against GCRV
demonstrated in laboratory trials are not consistent with
field observations. This may be due to the fact that in the
water the fish may be exposed to several other pathogens in
addition to GCRV. Every year, many grass carp farms and
hatcheries suffer severe economic losses, due to GCRV
outbreaks. It has been speculated that the high impact of
GCRYV, despite the availability of the vaccine in China,
could be due to the poor antigenic nature of the GCRV
antigens produced in different expression systems [8].
There is a great necessity for new and improved vaccines
for early vaccination of grass carps before they naturally
get infected with GCRV. In this sense, DNA vaccines are
promising tools since they have proved extremely effective
for grass carps. In the present study, the DNA vaccine was
designed according to the coding sequence of GCRV VP6
gene. The GCRV VP6 comes from GCRV strain 104,
which is a new species of the genus Aquareovirus and is
distantly related to any known species within this genus [4,
22, 25]. We evaluated its processing in vitro and its in vivo
effects on grass carps immune response by induction of
immune gene expression. This current study has important
significance in the development of a DNA vaccine for
GCRV.

First, we used a cell-free expression system to investi-
gate the proteins expressed by pEGFP-N1-VP6. We suc-
cessfully constructed a co-expression vector and obtained
co-expression protein of GCRV VP6 and EGFP in CIK
cells. Through fluorescence microscopy and flow cytome-
try, we confirmed the expression of the fusion protein at the
highest level 48 h after pEGFP-N1-VP6 transfection of
CIK cells. A CIK cell line constitutively expressing GCRV
VP6 was established and selected in growth medium with
the G-418, and the cells showed a direct or indirect anti-
viral effect against GCRV in vitro. The specific binding
between the fusion protein and polyclonal mouse GCRV
VP6-specific antiserum indicated that the protein had been
translated in vitro and showed specific immunogenicity. In
addition, our results demonstrated that expression of the
GCRYV VP6 in a cell line induced an antiviral state that was
active against GCRV. Although there was a decrease in
cell survival as the infective titer of the inoculum
increased, the protection against virus-induced lysis in
GCRYV VP6 expressing cells was more effective. This may
indicate a synergy of GCRV VP6 and viral infections in the
activation of antiviral states. The virus showed a 100-fold
reduction in its yield and its CPE was reduced when this
established cell line was infected. Our results show that a
non-specific antiviral response was produced in GCRV
VPo6-transfected cells, as GCRV was similarly inhibited.
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However, the mock plasmid also induced some protection
against viral infections, but to a lesser extent than the
plasmid encoding GCRV VP6. The most possible reason is
that the high concentrated antibiotic G418 screening used
in CIK cells might reduce the cells’ susceptibility to GCRV
infection.

In vivo, the recombinant plasmid encoding the GCRV
VP6 was used as a DNA vaccine and it produced an early
up-regulation of cytokine-related gene expression, includ-
ing Mx, TLR3 and IgM in head kidneys of grass carps. Our
results show there is a strong increase in TLR3 mRNA
expression at 1 and 15 dpi, as well as that of other cyto-
kines such as Mx and IgM in grass carps after vaccination.
Mx, TLR3 and IgM genes are markers of the non-specific
innate immune responses to viruses, and their involvement
in antiviral defenses has been documented extensively.
Injected pEGFP-N1-VP6 could enhance the immunity of
fish. The presence of GCRV-neutralizing antibodies was
demonstrated on the 30th day post-vaccination in most of
the fish tested. Anti-GCRV-neutralizing antibodies were
found in serum from five grass carps injected with the
pEGFP-N1-VP6 vaccine, while no neutralization occurred
with the sera from the control fish. The time when mor-
tality was first observed after GCRV challenge was also
different between the vaccinated and control groups.
Almost all control fish exhibited acute mortality starting on
the 8th day after challenge, following which low mortali-
ties were observed until the termination of the experiment.
The vaccinated grass garps, however, had lower mortality
rates than that of the controls throughout the challenge
period. In line with this observation, these results indicated
that anti-GCRV-neutralizing antibodies play a crucial role
in mounting a protective immune response against viral
diseases in fish. The present immunization experimental
results are in accordance with previous studies [10, 24],
which proved the good immune efficacy of a GCRV (873
strain) VP6 DNA vaccine.

In conclusion, a recombinant plasmid encoding the
GCRYV VP6 was constructed and its antiviral activity was
studied in vitro by establishing CIK cells that constitu-
tively expressed GCRV VP6. The usefulness of the DNA
vaccine of GCRV VP6 in studying the early immune
responses was evaluated. The results showed that GCRV
VP6 expression in vitro inhibits the virus-induced cyto-
pathic effect to some extent, as well as the viral yield of
GCRV. In vivo, the vaccine induced innate immunity
responses with a more than 10-fold increase in MXx,
TLR3 and IgM expression levels at 15 days post vacci-
nation. VP6 expressed in grass carp, induced specific
immune response and protected fish against viral chal-
lenge infection. Future work will focus on the charac-
terization of GCRV VP6 and co-expression of other
GCRV structural proteins in vitro and in vivo.
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