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Protective immunogenicity of the G protein
of hirame rhabdovirus (HIRRV) in founder using DNA

vaccine

Ji Yeon Seo

Department of microbiology, Graduate school,

Pukyong National University, Pusan, Korea

ABSTRACT

Hirame rhabdovirus (HIRRV) is one of the important viruses of
cultured flounder. The protective immunogenicity of DNA  based
vaccine was tested against this  virus. Genes encoding the
nucleocapsid protein (N) and the C-terminal two third of the
glycoprotein were amplified by RT-PCR and separately cloned into
the expression vector pcDNA 3.1, Expression of the cloned genes in
transfected cell line was confirmed by western blot analysis. PCR
analyses showed the presence of the injected plasmids in the fish
muscle tissue up to 14 davs post injection.  Expression of the
proteins  in  the injected muscle tissue  was confirmed by
immunocviochemistry with corresponding  antibodies. In addition,

higher expression of Mx gene responsible for non -specific 1immune



responses  was  detected  from  the DNA vaccinated  fish  than
nonvaccinated  fish. Flounder fry wilth average weight of 2g and
length of 3cm were injected with bug of plasmid DNA and challenged
21 dav post-immunization. Fish injected with the vector DNA or PBS
showed over 95% cumulative mortality 16 day after inoculation. In
contrast, fish injected with plasmid containing the N gene, (G gene or
N+G gene mixture showed 70%, 5%, and 2.5% cumulative mortality,
respectively. These results show that the G gene is effective for
inducing protective immunity in the injected fish against HIRRV

infection.



INTRODUCTION

Hirame rhabdovirus (HIRRV), a fish pathogenic rhabdovirus, was
first isolated from Japanese flounder (Padalichthw olivaceus) and from
ayu fish (Plecoglossus altivellis) from Japan{Bjorklund et al., 1996).
Subsequently, HIRRV was isolated from diseased flounder in Southern
Sea, Korea (Oh et al, 1997). The clinical signs of HIRRV infection
are seplicemia which exhibits serve bleeding in the internal organ.
The HIRRV genome consists of approximately 11,000 bases, and
cncodes  five  structural proteins, nucleocapsid  protein(N), matrix
proteintM1 and M2), envelope glycoprotein(G), RNA polymerase(L)
and one non viral(NV) protein.(Kurath et al, 1985 Oh and Choi,
1998).

Neutralizing antibodies are most important component of the
protective  immune response  against virus and exclusively dirccted
only against the G protein (Engelking and Leong 1989; Lorenzen et
al. 1990). The glycoprotein(G) is a spike protein which spans the
viral envelope and protrudes toward the exterior of virion and
according to previous studies, its surface protein has antigenicity that
determines the serological properties of rhabdovirues (Hill 1975).

Flounder is the major aquaculture species that compromises more
than 60% of rasing fish in Korea. Flounder diseases caused by

bacteria  such  as  Flexibacter  maritimus, Edwardsiella  tarda,



Streptococcus  sp.,  Vibrio  anguillarum  can be controlled  using
chemical and antlibiotics reagents. However, therc is  no
chemotherapeutical agent for the control of viral discases. Despite of
the importance in Korea aquaculture industry, researches on vaccines
for flounder is very limited.

Recently, antiviral DNA vaccine carrying a gene for a major
antigenic viral protein have proved to be significantly effective in fish
(Scott et al, 2001; Lorezen et al, 2002) contrast to traditional
vaccines based on attenuated or killed virus as well as recombinant
protein  vaccines thal have limited success In their safetv and
environmental, cconomic circumstance.

DNA  immunization with antigen—encoding  plasmid DNA  can
nroduce the foreign protein and elicit both  humoral and cellular
immune responses by the host immune system (Harriet et al., 1997),
This approach also offers economic, environmental and safety
advantages (Donnelly et al, 1996: Hassett and Whiiton, 1996; Davis
1997). which are particularly attractive for the aquaculture industry.
Most DNA vaccine experiments have been carried out in mammals,
but a few studies demonstrates successful DNA-based vaccine
encoding viral (G gene against major fish viral pathogen belong to the
rhabdoviridae family, infectious hematopoietic necrosis virus (IHNV)
and viral hemorrhagic septicemia virus (VHSV) (Lapatra ef al ., 2000

Lorezen et al., 2001 Pierre et al., 1998). In this study, C-terminal



hall of the HIRRV G gene was tested as a DNA vaccine against

HIRRV.



MATERIAL AND METHOD

Virus propagation

The HIRRV used in this study was propagated in the rainbow
trout gonad (RTG-2) cell line. The infected cells were incubated at
15C in MEM (minimal essential medium) in Hanks’ salts (Sigma,
USA) with 10% FBS (fetal bovine serum, Hyclone, USA), 100units/mé
of penicillin (Gibco BRL, USA), 100us/mé of streptomycine (Gibco
BRL, USA), 2m¢/ ¢ of fungizone (Gibco BRL, USA) and bufferd to
pH 7.5 with sodium bicarbonate.

The medium was harvested when viral cytopathic effects were
apparent.  Cellular debris was removed by low- speed centrifugation (5,000
rpm), and the resulling clarified medium was used to infect flounder.
Virus titers were determined by TCIDs assay on confluent RTG-2

cell monolayer.

Plasmid construction

The genes encoding G and N protein of HIRRV have been cloned

and sequenced previously (Oh 1999 . Eou 2000). Using this clones,



the C-terminal two third of G and entire N gene were and amplified
with specific primer(Table 1) and cloned separately into pGEM-T
vector system (Promega).  F. coli XL-1 blue strain was transformed
with the ligated DNA and the transformed cclls were cultured using
LB containing ampicillin (80pg/m¢), and plasmid DNA was extracted
with alkaline lysis method. The inserts containing the N and G gene
was subcloned into pcDNA 3.1 (+) (Clontech) for DNA vaccine.
Each T-vector clone containing the HIRRV N gene and (G gene were
double digested with EcoR1/Xhol and HindIll/ KpnlI site of
plasmid vector, pcDNA 3.1(+), which contain a cytomegalovirus
promoter upstream from the inserted gencs (Fig. 1), resulted in the
clones pcDNA-N and pcDNA G for the N gene and G gene,

respectively.

Large-scale preperation of DNA vaccine

All vaccine plasmids and the vector plasmid pcDNA 3.1(+) were
amplified in E. coli XL-1 blue strain and plasmid DNA was purified
with the Qiagen plasmid mega kit(Qiagen, USA).  The concentration

of purified plasmids was determined by optical density at 260nm.



Table 1.

Oligonucleotide primers used in the studies

Name Sequence Remark
N gene forward primer
N Tl . - ats a9 3 o
HRN-N-F |5 accagaattccatatggega containing EcoR I, Nde I
N gene reverse primer
HRN"NfR 5' aattc C gacatagat 3 .. -
V' tgaallcelegagaaggegacataga containing EcoR 1, Xhol
. G gene forward primer
HIG-FO |5 aagcttatgattacettctgtgga 3 . . ]
containig HindIll site
. (+ genc reverse primer
HIG-RO |5 ggtaccttacectegactege 3 o .
containig Kpn 1 site
EXPG [’ -gagcteatatgattaccttc—3 (5 gene specific primer
Mx-S |9 -gecagegtettgetgaceag 37 Mx gene forward primer
{ Mx-R |5 —ctctaacctecattaaaact-3' Mx gene reverse primer




Hind Kpnt

Figure 1. Schematic representation of pcDNA3.1 vector construction of
HIRRV N and G gene. pcDNA3.1(+) is 54kb vectors derived from pcDNA3
and contains the human cytomegalovirus immediate—carly(CMV) promoter for
high-level expression in a wide range of mammalian cells. The c-terminal
two third of G gene and cntire N gene were cloned separately into the

vector using HindM/Kpn T and EcoR 1 /Xho I restriction endonuclease sites.



Detection of G protein in transfecled fish cell line

Rainbow trout gonad (RTG 2) cells were grown in Z24-well plates
at 16C  with  complete  culture  medium. When cell  were
approximately 75~80% confluent, they were (ransfected with purified
neDNA -G according  to  calcium-phosphate  mediated  transfection
protocol(Sambrook et af, 2001). After 32 hours incubation, culture
medium was removed and cell monolavers were wash with PBS.
Cells were then detached by adding trypsin EDTA solution, and
suspension were transferred into 1.5mé tubes.

After centrifugation (3min al 10000 rpm), supernatant were
discarded and the pellets were resuspended in 10t of PBS and 1544
of sample loading buffer (1mM EDTA, 250mM Tris-Cl{(pH 6.8), 4%
SDS. 2% B Mercaptocthanol, 0.29 bromophenyl blue, 50% Glycerol] .
Samples were boiled for 3min before loading on a 12.5% 5DS
polyacrylamide gel. Proteins were then transferred to a nitrocellulose
membrane at constant current of 250mA for 1.5hrs in transfer buffer
(120mM glyvcine, 156mM Tris * Base, and 202 methanol). The
membrane was blocked using 5% skim milk in TTBS buffer (0.8%
NaCl, 0.29% KCl, and 0.05% Tween 20 in 20mM Tris - Cl, pH 7.4).
The membranc was washed for 5 min in TTBS then treated for 1.5
hrs with Glutathione $-transferase(GST) HIRRV G protein polyclonal

antibodies diluted 1:1,000 in TTBS containing 5% skim milk. After
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three times washing for 5 min (each) in TTBS, the membrane was
treated for lhr with alkaline phosphatase conjugated anti-mouse IgG
in TTBS containing 5% skim milk. The membrane was washed
three times for 5 min (cach) in TTBS and developed by NBT and
BCIP solution in alkaline phospatase buffer (0.IM Tris - Cl, pH 9.5,

0.1M NaCl, 5mM MgCl).

Preperation of samples for electron microscopy

Muscle tissues from pcDNA-G injected and PBS injected fish were
cul into about 2x2em in site of injection. Tissue were cut again into
Imm® and fixed with 2.5% glutaraldehyde for 2 hrs at 4T. Sample
were washed three times with (.1M phosphate buffer(pH 7.4) to
replace the primary fixation buffer. Second fixation was performed
with 1% osmium tetroxide(QsQ4) for 2 hrs at 4T and then washed
three tmes with the phosphate buffer. The hxed samples were
dehydrated with serial 10min changes of 50, 70, 80, 90, 95, 100%
cthanol at room temperature. Then, ethanol was replaced twice with
propylene oxide for 30 min and infiltrated for 2 hrs with propylene
oxidelepon mixture. After nfiltration step, the samples were
embedded using Epon 812 and polymerized. The temperature setting

of EM oven for polymerization was as follows; 37T, 12 hrs—45T,12
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hrs—60C, 48hrs.  Ultrathinsection of 60~%nm were made with a
LKB ultramicotome(Nova, Sweden) and transferred onto a 200 mesh

copper grid.

Protein detection by immunocytochemistry

Ultrathinsections on copper grid from pcDNA-G injected or PBS
injected fish werce observed after immunogold labeling. The grid was
placed on a drop of 5% FPG 5% fetal bovine serum(FBS) 1n
phosphate buffered saline(PBS, pH7.0) containing 0.02M glycine] to
block non- specific binding. The grid was transferred on a drop of 1
© 200 diluted mouse anti HIRRV G protein polyclonal antibody diluted
in 5% FPG and incubated for 2 hr at room temperature. The
unbound antibody was washed off four times by transferring the gnd
on a drop of 10% FPG and incubating for 5 min. Excess liquid was
removed from the grid by touching a dry filter paper. Then the grid
was placed on a drop of gold labeled goat anti-mouse IgG 1 @ 10
diluted in 5% FPG and incubated for 1 hr at room temperature, wash
four limes as above. All treated grids were double stained with 5%
uranyl acetate and 0.04% lead citrate for 30min and 2~5 min,
respectively,  The stained grids were observed using transmmition

electron microscopy(JEM 1200EX-1I, JEOL, Japan).

- 12 -



DNA extraction from muscle tissue and PCR assay

Muscle tissues from pcDNA-G vaccinated fish were taken at 38hr,
7 days and 14 days postinjection, pulverized to powder In liquid
nitrogen and dissolved in 3ml of genomic DNA isolation buffer (1.09
SDS, 100mM NaCl, 50mM Tris-Cl, 100mM EDTA pH 80, 20gg/ml
RNase), and incubated for 1lh at 37C. Proteinase K was added to
150pg/mé, and the sample was incubated at 60T overnight. The
DNA was extracted  with phenolichloroform:isoamyl alchol (25:24:1)
and precipitated from the aqueous phase with 1 volume of
isopropanol. The precipitate was pelleted by centrifugation (30min at
13000 rpm), washed with 70% ethanol, and dried at room
temperature.  The DNA pellet was dissolved in 200z¢ of TE buffer
pH 83. DNA was subjected to 40 cycles of PCR composed of 1 min
denaturation at 96°C, 30s annealing at 55C, 1 min extension at 72C
with HIRRV G specific forward and reverse primers (Table 1).  The

PCR products were electrophored on a 126 agarose gel and analyzed.

Detection of flounder Mx gene mRNA by RT-PCR

Total RNA was extracted from kidney using Trizol (Gibco BRL.

_13_



USA) 14 davs post injection for analysis.  Flounder kidney were
homogenized in 1.5 ml tube by adding 1ml of Trizol reagent and
incubated for 5 min at room temperature to permit complete
dissociation of nucleoprotein ﬁomplex. 0.2ml of chloroform was added
to the lvsate and the wube was vigorously shaken by hand for 15
seconds. The sample was centrifuged at 14,000 rpm for 15 min at 4
. The aqueous phase was transferred to a new (ube and the RNA
was precipitated by adding same volume of isopropyl alcohol for 10
min at -70C. RNA was precipitated by centrifugation at 14,000 rpm
for 10min and washed with 70% ethanol. The pellet was dried in
vacuum decicator for Smin and resuspended in diethylpyrocarbonate
(DEPC) treated water. The purified total RNA (10gg) was
resuspended in 258 of reverse transcripton reaction  mixture
containing 5S¢ of 5x buffer (250mM Tris Cl, pH 83, 250mM KCI,
50mM MgCls, 25mM sepermidine, 50mM DTT), 0548 of dNTP, 1ut
of MgS0s, 05u0 of AMV RTase (10u/z8) and 50 pmol of antisense
primer. The reaction mixture was incubated for 42min at 48°C and
the RTase was inactivated for 2min at 94C. The reverse-transcribed
sample (248) was amplified by addition of 48u¢ of PCR mixture
containing 5g¢ of 10x buffer (100mM Tris,Cl, pH 83, 500mM KC,
15mM MgCly), 25mM dNTP (each), 05x¢ of Tag DNA polyvmerase
(5u/pf), and 50 pmole of forward and reverse primer(Table 1).  The

PCR primers, designed from the 3’ region of the ORF were described
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previously (Lee el al., 2000). Reaction was performed with initial
denaturation step of 10 min at 96T, and then 30 cycles composed of
1 min denaturation at 96°C, 30 sec annealing at 55C, and 30 scc
cxtension at 72°C, followed by a 7 min postextension at 72C. The
reaction products were electrophoresed on a 1% agarose gcl and

scquenced.

Vaccination and challenge

The protective immunogenicity of the constructed DNA  vaccines
was tested by injection of the DNA vaccine separately or in
combination. Five groups of forty flounder fry with mean weight of
3g were prepared for the injection with pcDNA-G, pcDNA N,
pcDNA-G  and pcDNA-N mixture, pcDNA3.1(+) vector and PBS.
The DNA was adjusted as bHug/bOul using PBS.  The fish was
anaesthetised by immerzing in 100 gg/mé of tricaine methane sulfonate
(MS-222) and intramusculary injected with 50ul of DNA or PBS.

The injected fish was kept in 50¢ tanks at 14T before being
challenged with the virus. At 21 days postvaccination (dpv), each
groups of fish were challenged by addition of HIRRV to the waler to

a  concentration of 1.2x10° TCIDme ! for 90 min at 15°C. Flounder

_15_



mortalities in cach tank was recorded, and dead fish were daily for

165 davs post-challenge.

_16_



RESULT AND DISCUSSION

Plasmid construction

The G and N gene of HIRRV were cloned into EcoR 1/Xhol and
HindM/Kpn I sites of plasmid pcDNA3.1 vector, respectively under
control of the CMV promoter sequence. To ensurc that G and N
gene were inserted into the vector correctly, the insert were analyzed
by restriction enzyme digestion with corresponding enzyme(Fig. 2)
and PCR amplification of the insert(Fig. 3). Sequences of the GG and
N genes in the pcDNA 3.1 vector were confirmed by DNA
sequencing(Figure 4, Figure 5). The inserts for G and N gene were
780bp and 1.2kb and the resulting plasmids were named as pcDNA-G

and pcDNA-N for the G gene and N gene, respectively.

_17—



5.4Kkb &

1.2kb —-
780 bp —

IFigure 2 . Cloning of HIRRV G gene and N gene into the pcDNA
vactor. pcDNA 3.1 vector contain the HIRRV G and N gene were digested
with HindIll/Kpn I and EcoR I /Xho I, respectively. M, 100bp DNA ladder:

N, pcDNA- N contain the N gene; G, pcIDNA-G contain the G gene.

_18_



12kb — B
785 kb — §

Figure 3. Confirmation of pcDNA-G and pcDNA-N by PCR. The N

gene and (G gene inserts cloned into pcDNA vector were amplified with

specific primers listed in table 1. M, 100bp DNA ladder: lane 1, pcDNA-N
PCR product; lanc 2, pcDNA-G PCR product.

..19_



HRN-N-F

accagaattccatatggcgé;bcttaaggaagaatttgcaggactccgaggagtgaagggaggagccctogaag

actctggcacggagtatgatcccaccaagatcaaoctgacgctctacgggacagacaagctctataccctggcg

atcatcaagagggcagtcagt caggt cggagggtcccaaaccaacaaageactaggaatect ttgtgotttcag

agaacaatgtcacgtccctgacatgacagatgcagoagtoaagctcotggtggacatgaggttcaaggtggacgt
agtgccegt ggacgacaggetcgatgacaatctggatgacceeaact caaagetggeggaggt cctgacggaaga
gaacatggtggacctggtgaaaggccttctgttoacttgtgccctgatggtcaagtacgatgtggaoaagatggc
cacatactgccagcagaagctggagcgactggccaaoagtcagggactCaacgagctgaccctgataagcacgag
tagggcagttctggctcggattggggcagcggtaagaccggggcagaagttaaccaaggccatctacgggatcat
tcttatcaacctgatgoatceegecactgetgocagggeaaaggeect ttgtgecat gagget gagegyaacegg
aatgacoatggtgggtctattcaatcaggcctctaagaaccttggagctccacctgcagatctgctggaagatct
ctgcatgaagtccatcatcgactGtgccaggaggattgtcaagctgatgaggatcgttgcagacgtcgaggaoat
gacegeaaagtatgecatcatgatgageaggatget tgoggatggatact tcaagtcctacgggatcaatgagaa
ctcacggatcacctgtatct tgatgaacatcaacgageagt acgatgagoggacaaccggadgact ggcaggagt
cagggtttcacccoccttccgaaagctggoaaccgagattgotcgccttctggtcaaaaagtatgacgggaacgg
atctgccgggccaggtgcctcagatottgtccgccaggcCgagcaggcagcgcaagagaccgagggogaccaggt

gcctcagatcttgtccgcCaggccgagcaggcagcgcaagagaocgagggcgaqgatgataagacgatgaggagg

cgaggaagacggaggggagggagaggggggagaggacgaagagtactactgagacccggcatctatgctgocttct
‘—._

cgaggaat tcact
4

HRN N-R

Figure 4. Nucleotide Sequence of HIRRV N gene used in this study.
Boldface indicates HIRRV N gene translation start and stop codon and

arrow indicates gene specific primer

_20_



HIG FO
-
aagcttatgatiaccttctgtggaaaaceatggatcaggacagacct aggggacctcategeaat cgaat

acaatgaggggcgaccct tetogeat tceetget tgcaaggacaccacggt togaatgagagggagtctt

gacgactttgectacttggatgatctgytgaagtcatctgaaagt cgggaggaatgtctagaggeacatge
acatgcggagatecatcgetaccaatagtgtgacteocttacctgetatccaaattcagatetecccacecag
gaataaacgatgtctacgecatgeatgacgggtccatataccacggaaagtgeatgaccgt tgceat tgat
gaggt t tccaaagatagacgaact tatcgtgeccaccagacctcaget t tagtageatgggggeatcectt
cgatgatgaatggggcgogt tteacggtet toatggcaacgatactectgtgat tocggatcttgagaaat
acgtcgctcagtacaaggtgagcatgatggacaagatggacat tegeccegt tocgeatectagtgtecag

atactctacaacgacacagacaccgoagacatcacaatcaggaagatagactcegt ttgatctgeaatceatt

caactggaget tctggecatcatttgecageactgggagoggt tccaatactcotegeectegtattettte
tgtactgotgcatgaacagaagaccstccatgectgeageaccccaagagat ccccatgtaccacctcgee

Aagtcgagggt aaggtacc
HIG RO

Figure 5. Nucleotide Sequence of part of HIRRV G gene used in this
study Boldface indicates HIRRV G gene translation start and stop codon

and arrow indicates gene specific primer

_21_



In vitro expression of recominant G protein in transfected cells

The G protein were detected in transfected fish cell lysates by
Western blot. The apparent size of the G protein (35kDa) (Fig. 6) in
RTG 2 cell lysate appeared to be slightly larger than that in the our
expectation, which might be due to an glycosylated form of G in the
RTG 2 cell preperation. These data shows that the recombinant G
protein could be correctly processed by fish cell and mRNA for the
recombinant G was transcribed quantitatively in fish cell.

For DNA vaccine, conservation of native structure and thus the
antigenicity of protein is very important issuc, and correct
conformation is ecssential for the presence or accessibility of certain
neutralization epitope (Lorenzen et al, 1990, 1993; Lorenzen 1997).
We demonstrated that the native structure of expressed G protein In
fish cell with Glutathione S-transferase(GST)-HIRRV G prolein
polyclonal antibodies and this recombinant G protein that has

antigenicity would elicts the neutralization antibodies against the

Virus.

In vivo expression of recombinant G protein in muscle tissue

Expression of the G protein from injected fish was detected in

_22_



days 3, 7 postinjection. No gold label was observed in the tissues
from vector injected fish(Fig. 7). It is known that immunization with
DNA vaccine raise immune responses with much lower levels of
protein(nanogram levels) (Harriet et al, 1997) than live-attenuated,
killed-whole, or subunit vaccines( Lorenzen et al., 1999). Detection of
expressed G protein in muscle (issue by immunocytochemistry
confirmed the accurate performance of the pcDNA-G construct in
vivo. Several studies have shown expression of antigen protein from
DNA  vaccine by  immunocytochemistry or  immunoenzymatic
assay(Lprenzen et al., 1998; Pierre el al., 1998), whereas the majority
of reports fail to detect any synthesized protein quantities within the
range of the picogram(Wolff et al, 1988, Taubes 1997). Although
minute quantities of antigenic protein are expressed from DNA
vaccines, earlier studies in mammals have shown this to be adequate
to induce very strong and long-lasling immune responses(Harriet et
al., 1997). These reports gives possibility to induce similar protective

immune responses in fish.
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KDa 1 2 3
54 —

50—

36— -

Figure 6. Western blot analysis of HIRRV G protein expressed in
transfected [lish cell line. The membrane was probed with polyclonal
antibody raised against the Glutathione S-transferase(GST)-HIRRV-G
protein. Lanel, prestain marker(invitrogen); lane 2, transfected RTG-2 with

pcDNA-G: lane 3, negative control

- 24 -



g
BT

Negative control

Figure 7. In vivo expression of recombinant G protein in muscle tissue
Arrow indicates Goprotein-gold complex. No G protein-gold complex was
observed in negative controll Al The (i protein-gold complex appeared in

tissue sections from the pe[INA-G injected fish on days 3 (3, C) 7 (D, L

[} after injection.

_25_



Persisience of pcDNA G in muscle lissue

In order to confirm the presence of the pcDNA-G plasmid within
the tissue taken at different time intervals, PCR was performed with
gene specific primer. DNA band of 780bp was amplified on a muscle
tissue extract on days 38hr and 7, 14 postinjection. No amplification
was detected from noninjected tissue extracts(Fig. 8).  An important
issue in the DNA vaccination is the site of plasmid uptake and
protein  synthesis. With plasmid injected intramuscularly, it is
generally admitted that the preferential site of plasmid uptake in the
muscle cell itself. From DNA vaccine, minute quantities of antigenic
protein were expressed and induced very strong and long-lasting
immune responses{Wahren 1996. Davis, 1997). Therefore DNA might
be dedected for prolonged periods in tissue to occur long-lasting

immune responses,

Mx gene expression

Mx protein is one of several interferon (IFN)-inducible proteins that
have been shown to inhibit the replication of different types of viral
infection in several studies (Lee et af., 2000; Tkeshi ef al., 1998

Granl et al., 1997). In a recently study, the IFN-induced Mx protein

_26_



was detected in the liver and kidney tissue of fish injected with the
[IINV G DNA vaccine hut not in fish injected with formalin—killed or
subunit THNV vaccine or vaccine control, DNA vaccine injected group
had protective effects against challenge virus(Kim et al, 2000). Even
though how Mx protein exerts its specific antiviral cffects in different
viruses and cell is not known, these data supposed that Mx gene
may plav a nonspecific antiviral role in the protection produced by
the DNA vaccine. RT-PCR analysis of Mx protein mRNA from a
healthy flounder showed that the Mx mRNA was predominantly
expressed in the kidney, spleen, intesting, brain, peritoneal cavity fluid
and gill (Lee et al., 2000).

Approximately 230bp of DNA band were detected from flounder
kidney by RT-PCR and increased in DNA vaccine injected sample
{Fig. 9). There arc previous studies that intramuscular injection of
HIRRV into Japanese flounder produced a dramatic increase of Mx
mRNA and the expression of Mx mRNA in the HIRRV-injected
flounder was approximately three fold higher than that of
non infected flounder, positive control (Lee et al., 2000). Taken all
these data together, we supposed that intramuscular injection of DNA

vaccine into flounder induced Mx mRNA like as virus.
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38hrs 7days 14days

M 1 2 3 4 5 6

Figure 8. Detection of pcDNA-G in muscle extracts by PCR.
pcDNA-G was detected in 38hr and 7, 14 post vaccination. M, 100bp DNA
ladder; Lanes 1, 3, b, pcDNA 3.1 injected group as a negative control: Lanes

2,4, 5, pcDNA-(r injected sample,
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Figure 9. RT-PCR of Mx gene from flounder kidney. WMx gene were
dedected using PCR with gene specific primer. Lane 1, non-vaccinated
healthy fish; lane 2, PBS group: lane 3, pclDNA vector group—1; lane 4,
pcDNA-vector group-2, laned, pcDNA-N  group-1; lane 6, pcDNA-N
group-2; lane 7, pcDNA-G group-1; lane 8, pcDNA-G group-2; lane 9,
pcDNA NG group-1; lane 10, pcDNA NG group-2.
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Protection of flounder from viral challenge

Fish injected with the vector DNA or PBS showed 97.5% and 95%
cumulative mortality 16 day after inoculation. In contrast, fish
injected with plasmid containing the N gene, (G gene and N+G gene
mixture showed 70%, 5%, and 2.5% cumulative mortality, respectively
(Fig. 10). These results show that the G gene is effective for
inducing protective immunity in the injected fish against HIRRV
infection.  Several studies shows that G protein is known as the
inducer of neutralizing and protective antibodies. The high prevalence
of seropositive fish following vaccination with the G-construct may
this way explain the high survival in pcDNA-G and pcDNA G+N
njected groups of fish.

High level of protection against HIRRV was induced by injection of
Sue of G-encoding plasmid in this study. However several studies
showed that only 0.lpg of DNA was sufficient to provide protection
to fish against viral challenge (Serge et al., 2000). Effect of DNA
vaccines at such low doses means that they will be uscful for
aquaculture economically. However, these results shows significant
offects of DNA vaccine only laboratory condition.  Further studies
will be to performed for mass vaccination of flounder fry under

farming condition.
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Figure 10. Cumulative % mortality of flounder immunized with DNA

vaccine against ITIRRV.
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