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Introduction

Viral nervous necrosis (VNN) caused by nervous 
necrosis virus (NNV) infection has been an im-
portant cause of massive mortalities in various eco-
nomically important marine fish worldwide (Munday 
et al. 2002). NNV belongs to the genus Betanodavi-
rus of the family Nodaviridae, and has a bipartite 
positive sense RNA genome, RNA1 encoding the 
RNA-dependent RNA polymerase, RNA2 mainly en-
coding the capsid protein, and a subgenomic RNA3 
encoding B2 protein. NNVs can be divided into four 

genotypes based on the sequence of the capsid pro-
tein (Nishizawa et al. 1995; Doan et al. 2017). In 
Korea, the red-spotted grouper nervous necrosis virus 
(RGNNV) type has been recorded from various ma-
rine fish species causing mass mortalities in cultured 
fish such as sevenband grouper (Hyporthodus sep-
temfasciatus), rock bream (Oplegnathus fasciatus), 
red drum (Sciaenops ocellatus) and olive flounder 
(Paralichthys olivaceus) (Sohn et al. 1998; Oh et al. 
2005; Cha et al. 2007; Gomez et al. 2008), and the 
barfin flounder virus (BFNNV) type was recently 
found from various domestic and imported shellfish 
(Kim et al. 2018).

The induction of protective immunity against 
NNV by the immunization of fish with inactivated 
viruses, virus-like particles (VLPs), or recombinant 
capsid protein has been reported (Kim et al. 2015a; 

Use of G gene-deleted single-cycle viral hemorrhagic 
septicemia virus (VHSV) for delivery of nervous 

necrosis virus (NNV)-like particles

Jeong In Yang1, Min Sun Kim2†† and Ki Hong Kim1†

1Department of Aquatic Life Medicine, Pukyong National University, Busan 48513, South Korea 
2Department of Biological Sciences, Kongju National University, Gongju 32588, South Korea

Vaccines based on single-cycle viruses that are replication-incompetent due to knockout of repli-
cation-related structural gene(s) are more immunogenic than inactivated or subunit vaccines and can 
be used as delivery vehicles for foreign antigens without concerns on the reverting to virulent forms. 
The aim of this study was to develop a delivery vehicle for nervous necrosis virus (NNV)-like particles 
(VLPs) using G gene deleted single-cycle VHSV (rVHSV-ΔG). Recombinant single-cycle VHSVs 
carrying NNV capsid protein gene between N and P gene of rVHSV-ΔG genome (rVHSV-ΔG-NNVCap) 
were rescued by reverse genetic technology. The successful expression of NNV capsid protein in 
cells infected with rVHSV-ΔG-NNVCap was demonstrated by Western blot analysis, and the production 
of NNV VLPs in infected cells was confirmed using an electron microscopy. The results suggest 
that single-cycle VHSVs can be used as a safe delivery vehicle for NNV VLPs, and can be extended 
to other pathogens for the development of prophylactic vaccines.

Key words: Single-cycle VHSV, NNV Capsid-expressing VHSV, NNV VLPs, Delivery vehicle

††Corresponding author: Ki Hong Kim
Tel: +82-51-629-5943; Fax: +82-51-629-5938
E-mail: khkim@pknu.ac.kr

††Corresponding author: Min Sun Kim
Tel: +82-41-850-8503; Fax: +82-41-850-0957
E-mail: mskim0825@kongju.ac.kr 



178 Jeong In Yang, Min Sun Kim and Ki Hong Kim

Lin et al. 2016; Nunez-Ortiz et al. 2016). Generally, 
inactivated or subunit vaccines need a large amount 
of antigen and boost immunizations, and often have 
to be accompany with adjuvants to increase im-
munogenicity, which can lead to the increase of side 
effects and vaccine price. Recently, there have been 
several reports on the use of bacteria or yeast for the 
expression and delivery of NNV capsid protein to 
fish hosts (Chen et al. 2011; Kim et al. 2014; Cho 
et al. 2017). 

Recombinant viruses made through reverse genet-
ics can be used as a delivery vehicle for foreign 
antigens. However, the recombinant live viruses have 
been limited in their practical use due to the concerns 
on the reverting to virulent types. Previously, we 
generated single-cycle viral hemorrhagic septicemia 
virus (VHSV) that lacking the glycoprotein (G) gene 
in the genome (rVHSV-ΔG) (Kim et al. 2015b; Kim 
et al. 2016a). As the G gene-deleted rhabdoviruses 
are replication-incompetent, we can use them as safe 
vaccines or delivery vehicles for foreign molecules 
without concerns on the reverting to virulent forms. 
The genome of rhabdoviruses is so flexible that for-
eign genes can be inserted between viral genes, 
through which various recombinant rhabdoviruses can 
be generated and can be used as delivery vehicles for 
various proteins (Kim et al. 2016b). In this study, we 
produced recombinant VHSV (rVHSV-ΔG-NNVCap) 
that is carrying the NNV capsid protein gene be-
tween the nucleoprotein (N) and phosphoprotein (P) 
gene of the rVHSV-ΔG genome, and evaluated the 
potential of rVHSV-ΔG-NNVCap as a safe delivery 
vehicle for NNV VLPs. 

Materials and methods

Cells and viruses

Epithelioma papulosum cyprini (EPC) and E11 
cells were grown at 25°C in Leibovitz medium (L- 
15, Sigma) supplemented with penicillin (100 U/ml. 
Gibco), streptomycin (100 μg/ml, Gibco) and 10% 

fetal bovine serum (FBS, Gibco). The wild-type VHSV 
(VHSV KJ2008) (Kim et al. 2011a) were propagated 
in monolayer of EPC cells at 15°C in the presence 
of 2% FBS. A RGNNV isolate recovered from olive 
flounder was propagated in E11 cells at 25°C with 
a medium containing 2% FBS. EPC cells expressing 
VHSV G protein were used for the propagation of 
G gene-deleted single-cycle VHSV (rVHSV-ΔG) that 
was generated from our previous study (Kim et al. 
2015b). 

Construction of single-cycle VHSV vector con-

taining NNV capsid protein gene (pVHSV-ΔG- 

NNVCap)

To get a clone of NNV capsid protein gene, com-
plementary DNA (cDNA) was synthesized using Hyper 
Script First strand synthesis kit (GeneAll) from E11 
cells infected with RGNNV. The NNV capsid pro-
tein gene ORF amplified with a primer pair that had 
NdeI (forward) and SalI (reverse) sites (Table 1) was 
cloned in pGEM T-easy vector (pNNVCap; Promega). 
To insert NNV capsid protein ORF between N and 
P genes of VHSV, previously constructed pVHSV- 
A-RFP (pVHSV containing a red fluorescent protein 
(RFP) gene between N and P genes) (Kim et al. 
2013) and the pNNVCap were digested with NdeI and 
SalI, then, the RFP gene ORF was replaced with the 
NNV capsid protein gene ORF, resulting in pVHSV- 
A-NNVCap. To delete G gene in the vector pVHSV- 
A-NNVCap, previously constructed pVHSV-ΔG (pVHSV 
lacking the G gene) and pVHSV-A-NNVCap were di-
gested with NaeI and AgeI, then, the N-P-M frag-
ment in the pVHSV-ΔG was replaced with the N- 
NNVCap-P-M fragment of the pVHSV-A-NNVCap, and 
named as pVHSV-ΔG-NNVCap.

Recombinant VHSV production

EPC cells expressing T7 RNA polymerase were 
grown to about 80% confluence and transfected with 
a mixture of pVHSV-ΔG-NNVCap (2 μg) and helper 
plasmids, pCMV-N (500 ng), pCMV-P (300 ng), 
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pCMV-L (200 ng), and also pCMV-G (250 ng), using 
FuGENE HD (Promega) according to manufacturer’s 
instructions. Transfected cells were incubated for 12 
h at 28°C and shifted to 15°C. Cultures displaying 
total cytopathic effect (CPE) were harvested and cen-
trifuged at 4,000 g for 10 min. The resulting super-
natant was inoculated to EPC cells expressing G pro-
tein of VHSV, and incubated at 15°C in L-15 supple-
mented with antibiotics and 2% FBS. At 7-10 days 
post-inoculation, the supernatant was harvested, fil-
tered and stored at -80°C.

Verification of rVHSV-ΔG-NNVCap and titer 

analysis

To confirm the production of rVHSV-ΔG-NNVCap 

by reverse transcriptase PCR (RT-PCR), total RNA 
was extracted from 1 ml of the virus supernatant us-
ing Trizol reagent (Invitrogen), and synthesized first- 
strand cDNA using HyperScript First strand syn-

thesis Kit with random primer (GeneAll) according 
to the manufacturer’s instruction. The insertion of 
NNV capsid protein gene between N and P genes 
and the deletion of VHSV G gene in the genome 
were analyzed by RT-PCR using primer sets in Table 
1. The PCR products were visualized on a 1% agar-
ose gel containing Nucleic acid stain (Korea Labtec). 
The titer of rVHSV-ΔG-NNVCap was determined by 
plaque assay (Burke and Mulcahy 1980). Briefly, 
EPC cells monolayer expressing G protein of VHSV 
was inoculated with the above rVHSV-ΔG-NNVCap 
serially diluted from 10-2 to 10-4. After 1 h of in-
cubation at 15°C, the cells were overlaid with plaqu-
ing medium (0.7% agarose in L-15 containing 2% 
FBS and antibiotics). After 10 days of incubation, the 
cells were fixed by 10% formalin and stained with 
3% crystal violet for 30 min at RT. After rinsing of 
the cells with distilled water, the plaque-forming units 
(PFU) were counted.

Table 1. Summary of primers used in this study

Name of primer Sequence (5' to 3')
For construction of pVHSV-ΔG-NNVCap

NNVCap ORF F
R

CATATGGTACGCAAAGGTGAGAAG
GTCGACTTAGTTTTCCGAGTCAACCCTGG

For verification of production of rVHSV-ΔG-NNVCap

N - NNVCap F
R

CCCCACCACCCAGTCAAGGGC
TTAGTTTTCCGAGTCAACCCTGG

NNVCap - P F
R

ATGGTACGCAAAGGTGAGAAG
GGGACAGCTTGATACGTCTTAG

P - M F
R

GATCAGCTCTCTTTTCGTCC
CTACCGGGGTCGGACAGAGGG

M - NV F
R

CCAGGTCGATAAGATCTGCATGG
GGTCCTTAGATCCTCTGAGACT

G - NV F
R

CCTCCAACTGCAGAAAAAACTCC
GGTCCTTAGATCCTCTGAGACT

G - L F
R

CCTCCAACTGCAGAAAAAACTCC
ATCGTCCTCAAGGCCAAATC

For construction of His-tagged NNV capsid protein (pET-NNVCap)
NNVCap ORF F

R
CATATGGTACGCAAAGGTGAGAAG
AAGCTTGTTTTCCGAGTCAACCCTGG

The underlined characters represent restriction enzyme sites
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Analysis of the ability of rVHSV-ΔG-NNVCap 

to produce infective viral particles

To analyze whether rVHSV-ΔG-NNVCap infection 
can generate infective viral particles without trans- 
supply of G protein, supernatant of rVHSV-ΔG- 
NNVCap that passed through 3 times in EPC cells ex-
pressing G protein was inoculated into normal EPC 
cells that did not express G protein. After 2 h of the 
inoculation, cells were washed with PBS for 3 times, 
and incubated at 15°C in the culture medium con-
taining 2% FBS and antibiotics. After 7 days, the su-
pernatant was isolated and conducted plaque assay 
using normal EPC cells.

Expression and purification of NNV capsid 

protein

To produce His-tagged NNV capsid protein, first, 
NNV capsid protein gene ORF containing a NdeI 
(forward) and a HindIII (reverse) restriction enzyme 
site was amplified by PCR with primer pair in Table 
1. The resulting fragment was cloned in pGEM T- 
easy vector and subcloned into the NdeI and HindIII 
sites of the pET28a vector (Novagen), resulting in 
pET28a-NNVCap. The recombinant His-tagged NNV 
capsid protein was expressed in E. coli BL21 (DE3) 
by inducing with IPTG of 1 mM at 20°C for over-
night. The His-tagged NNV capsid protein was puri-
fied by chromatography under native conditions on 
Ni-nitrilotriacetic acid resin according to the manu-
facturer's protocols (Novagen). Protein purity was 
monitored by SDS-polyacrylamide gel electropho-
resis, stained with Coomassie Brilliant Blue, and the 
protein concentration was determined using the BCA 
protein assay (Sigma).

Production of antiserum against NNV capsid 

protein

To produce polyclonal antibody against NNV cap-
sid protein, a rabbit was immunized 3 times with 
His-tagged NNV capsid protein (330 μg/ml). The rab-
bit experiment was conducted by AbFrontier, Korea. 

At 9 weeks after initial immunization, whole serum 
was collected, and stored at -80°C until analysis.

Western blot

EPC cells expressing VHSV G protein were seed-
ed in 6-well plate (1×106 cells/well) at 28°C, and 
shifted to 15°C, and cells monolayer was inoculated 
with rVHSV-ΔG-NNVCap at a MOI of 0.1. At 1d, 3d, 
5d, 7d, 10d post-infection, cells were harvested by 
centrifugation with 4,000 g for 10 min, then, were 
solubilized in SDS-PAGE loading buffer (GeneAll), 
boiled for 5 min and loaded on a 10% SDS-PAGE 
gel. Non-infected EPC cells and RGNNV stock sol-
ution was used as a negative and a positive control, 
respectively. Proteins were then transferred from gel 
to nitrocellulose membrane and incubated with di-
luted rabbit anti-NNVCap antiserum (1:1000) for 2 h 
at RT. The membranes were washed three times with 
TTBS and incubated with alkaline phosphatase con-
jugated goat anti-rabbit IgG (1:2000, Santa Cruz Bio-
technology) for 2 h at RT. After washing off un-
bound secondary antibody, the specific antigen-bound 
antibody was visualized with nitroblue tetrazolium 
and 5-bromo-4-chloro-3-indoly phosphate (NBT-BCIP) 
substrate buffer (Sigma).

Purification of NNV VLPs and transmission 

electron microscopy

EPC cells were grown to about 80% confluence 
and inoculated with rVHSV-ΔG-NNVCap at a MOI of 
0.01. After 7 days post-infection, cells were freeze- 
thawed 2 times were centrifuged (4,000 g, 5 min), 
then the collected supernatant was filtered using a 
0.2 µm syringe filter. To purify NNV VLPs, the su-
pernatant was ultracentrifuged at 32,000 rpm for 1 
h (Beckman) against a 25 % sucrose cushion, and 
pelleted NNV VLPs were suspended in 1ml of 50 
mM Tris-HCl (pH 7). The collected NNV VLPs 
were put on a Formvar carbon grid, then 4% ur-
anyl-acetate was placed on the grid for negative 
staining. After 40 seconds, the staining solution was 
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removed, and the NNV VLPs were observed by 
transmission electron microscopy (TEM).

Results

Generation of rVHSV-ΔG-NNVCap

The procedure to construct a vector pVHSV-Δ
G-NNVCap is shown in Fig. 1a. Evident CPE was ob-
served from T7 RNA polymerase-expressing EPC 
cells that were transfected with pVHSV-ΔG-NNVCap 
and helper plasmids. The insertion of NNV capsid 
protein ORF between N and P gene and the deletion 
of G gene in the genome of rVHSV-ΔG-NNVCap 

were verified by RT-PCR (Fig. 1b), and were also 
confirmed by full genome sequencing (data not 
shown). In plaque assay, the virus titer was 7.4×104 
PFU/ml in EPC cells that were expressing VHSV G 
protein.

Analysis of rVHSV-ΔG-NNVCap ability to pro-

duce infective viral particles

The rVHSV-ΔG-NNVCap could induce CPE and 

form plaques only when inoculated to EPC cells that 
were expressing G protein. No plaque formation was 
observed in EPC cells lacking G protein supply cas-
sette (Fig. 2)

Analysis of NNV capsid protein expression by 

rVHSV-ΔG-NNVCap 

To examine the production of NNV capsid protein 
in the cytoplasm of cells infected with rVHSV-ΔG- 
NNVCap, cells harvested at 1, 3, 5, 7, and 10 d post- 
infection were examined by Western blot analysis 
using rabbit antiserum against the NNV capsid pro-
tein. As a result, about 37 kDa band that was corre-
sponding to the MW of NNV capsid protein was de-
tected in all loaded samples except non-infected cells 
lysate (Fig. 3). 

Transmission electron microscopic analysis of 

NNV VLPs

The NNV VLPs from EPC cells inoculated with 
rVHSV-ΔG-NNVCap were observed as regular shaped 
and variable sized (mean diameter of about 30 to 50 

(a) (b)

Fig. 1. (a) Construction of single-cycle VHSV vector containing NNV capsid protein gene (pVHSV-ΔG-NNVCap). The 
plasmid, pVHSV-A-NNVCap, was firstly generated by replacement of the RFP gene in the pVHSV-A-RFP with the 
NNV capsid protein gene using NdeI and SalI restriction enzyme sites. And then, to delete the G gene, the fragment 
from pT7 to M gene harboring NNV capsid protein gene was inserted into the pVHSV-ΔG using NaeI and AgeI 
restriction enzyme sites. (b) Verification of both NNV capsid protein gene insertion and G gene deletion in the 
genome of rVHSV-ΔG-NNVCap by RT-PCR. The regions across N - NNVCap genes (Lane 1), NNVCap - P genes 
(Lane 2), P - M genes (Lane 3), and M - NV genes without G gene (Lane 4) were exactly amplified in the rVHSV-Δ
G-NNVCap. The G - NV genes (Lane 5) and G - L genes (Lane 6) were not amplified at all.
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nm) particles by an electron microscopy (Fig. 4).

Discussion

The technologies of reverse genetics have allowed 
us to produce safety-guaranteed and functionality- 
enhanced recombinant viruses. In fish viruses, VHSV 
has been a main target for the production of recombi-

nant viruses, and reverse genetically produced re-
combinant VHSVs have been used in immunopro-
phylaxes (Kim et al. 2011b; Kim et al. 2015b). 
Recently, Nzonza et al. (2014) and Rouxel et al. 
(2016) reported the availability of recombinant 
VHSVs that are expressing mammalian viral antigens 
such as West Nile virus’s E glycoprotein or influenza 
virus’s hemagglutinin for the development of pro-
phylactic vaccines. However, studies on the use of 
recombinant VHSVs as a delivery vehicle for other 
fish pathogen’s antigens are rare. 

Replication-competent attenuated viruses can be 
pathogenic to immunocompromised individuals and 
have a possibility to regain virulence. Therefore, al-
though the protective efficacy may be lowered, repli-
cation-incompetent viral replicon particle can be an 
alternative to guarantee safety. In the present study, 
we evaluated the potential of G gene deleted sin-
gle-cycle rVHSV-ΔG to be used as a delivery vehicle 
for NNV VLPs by inserting the NNV capsid gene 
between N and P gene of VHSV genome. The results 
showed that rVHSV-ΔG-NNVCap successfully pro-
duced NNV capsid protein in the infected cells, in-
dicating that rVHSV-ΔG replicon particles can be 
used as a delivery vehicle for NNV capsid protein 
to fish. Moreover, as rVHSV-ΔG-NNVCap cannot rep-
licate unless the G protein is trans-supplied, the safe-
ty could be largely enhanced. Although rVHSV-Δ

Fig. 2. The induction of CPE and the formation of pla-
que in EPC cells by inoculation of rVHSV-ΔG-NNVCap. 
(a) The evident CPE and many plaques were presented 
in G protein expressing EPC cells, (b) No CPE and pla-
que was observed without trans-supply of G protein.

Fig. 3. Analysis of NNV capsid protein expression in 
the cytoplasm of cells infected with rVHSV-ΔG-NNVCap 
by Western blot analysis using rabbit antiserum against 
the NNV capsid protein. M: prestained protein ladder 
(Thermo), Lane 1-5: cells lysates infected with rVHSV-
ΔG-NNVCap at 1, 3, 5, 7, and 10 d post-inoculation, 
Lane 6: cells lysates infected with wild-type RGNNV 
as a positive control, Lane 7: no-infected cells lysates 
as a negative control. 

Fig. 4. NNV VLPs observed by a transmission electron 
microscope (TEM). Bar scale, 0.1 μm.
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G-NNVCap cannot produce viral particles in the in-
fected cells, they still have an ability to transcript 
their genes using N, P, and L proteins, which might 
confer them the enhanced ability to induce protective 
immunity.

In this study, we showed the possible use of sin-
gle-cycle VHSV as a safe delivery vehicle for NNV 
VLPs. To utilize the present rVHSV-ΔG-NNVCap for 
practical vaccine purposes, further researches on the 
in vivo immunization should be conducted. 
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