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Abstract: Rock bream iridovirus (RBIV) is a causative agent of epizootics among cultured rock bream (Oplegnathus fasciatus) in Korea. In this study, the
immunogenic property of ankyrin repeats gene (ORF 112L) from RBIV was evaluated to develop vaccines against RBIV. ORF 112L of RBIV was cloned into
expression vector of pGEX-4T-1. The recombinant protein was successfully expressed using E. coli BL21 (DE3). The soluble recombinant RBIV protein was
applied to affinity column for the purification of the protein. Mice were immunized by the injection of purified recombinant protein to produce polyclonal
antibodies. ELISA was carried out to identify the immune reaction abilities of polyclonal antibody to recombinant protein. The antigenic property of this protein
was evaluated by using in vitro neutralization with BF-2 cells. In neutralization test, BF-2 cells infected with the mixture of RBIV and antisera containing antiGST-ORF 112L polyclonal antibody were healthy showing few cytopathic effect (CPE) similar with the negative control (without RBIV). These studies suggest
that the protein from the ankyrin repeats gene, ORF 112L of RBIV may play an important role in the mechanism of infection. Also, it can be possible to develop
protein or gene vaccines using ORF 112L against RBIV.
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using Blast P program (NCBI, http://www.ncbi.nlm.nih.gov/BLAST).
The oligonucleotide primer set was prepared based on the nucleotide
sequence of the ORF 112L of the RBIV (Do et al., 2004) registered
in the Genebank. BamHI and XhoI restriction sites were incorporated
in the forward (5’-GGATCCATGCATGTACATGTGTCTG-3’) and
reverse primers (5’-CTCGAGTCATCGCCCTGTGTGCTG-3’),
respectively, to facilitate cloning in pGEX-4T-1 expression vector
(Amersham Biosciences, UK). PCR amplification was carried out
according to the method of Park et al. (2005). The PCR product was
purified using PCR purification kit (Bioneer Co., Daejeon, Korea)
and inserted in pGEM-T Easy vector system (Promega Co., USA).
E. coli DH5+ was transformed with the ligated plasmid and the
transformed cells were cultured using Luria-Bertani (LB) broth
containing ampicillin (100 mg/ml). The plasmid DNA was extracted
with Plasmid Purification Kit (Nucleogen, Korea). The plasmid DNA
was sequenced in Macrogen Inc. (Seoul, Korea) with the ABI 3730xl
DNA Sequencer. Nucleotide and predicted amino acid sequences
were analyzed using DNAsis (Windows version 2.5, Hitachi software
engineering, UK), BioEdit Sequence Alignment Editor (version 5.0.9).
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Introduction
Iridoviruses are recognized as causative agents of serious
systemic diseases identified from more than 20 fish species in recent
years. Outbreaks of iridoviral diseases with high mortalities have
been reported in worldwide (Langdon et al., 1986 and Hyatt et al.,
2000). Recently, iridovirus became a causative agent of epizootics
to cultured rock bream (Oplegnathus fasciatus) in Korea (Jung and
Oh, 2000 and Kim et al., 2002). The complete genome sequence of
RBIV occurred in rock bream in Korea has been reported (Do et al.,
2004). The genome of RBIV was 112,080 bp long and contained at
least 118 putative open reading frames (ORFs). Despite the
importance of virus infection in Korean aquacultural industry,
researches on vaccines for RBIV have been limited and there are
only few studies about antigen analysis of fish iridoviruses (Nakajima
et al., 1998 and Hyatt et al., 2000).
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In this study, the antigenic property of ankyrin repeats gene
of ORF 112L from RBIV was evaluated to develop vaccines against
RBIV. Ankyrin repeats genes produce numerous proteins with
functions of cell-cell signaling, cytoskeleton integrity, transcription and
cell-cycle regulation, inflammatory response, development and
various transport phenomena (Rubtsov et al., 2000 and Leila et al.,
2004). In the present study, the ankyrin repeats gene, ORF 112L,
was cloned into pGEX-4T-1. The antigenic properties of this protein
were evaluated using in vitro neutralization test.

Materials and Methods
PCR amplification and sequence analysis: The property of
ankyrin repeats gene, ORF 112L from the RBIV was evaluated
Special Issue - Marine Environmental Biology
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Expression and purification of recombinant protein: The
RBIV-ORF 112L gene was inserted into pGEX-4T-1. The
recombinant plasmid was named as pGEX-112L and the host E. coil
BL21 (DE3) was transformed with the recombinant plasmid.
The expression of the fusion gene was induced with 0.4 mM
isopropyl-β-D-thiogalactopyranoside (IPTG). Bacterial cells were
collected by the centrifugation at 3,000×g for 20 min. Cell pellet was
lysed in 5× sample buffer (60 mM Tris - HCl, pH 6.8, 25% glycerol,
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The pGEX-112L soluble proteins were purified by affinity
chromatography using gluthatione-sepharose 4 FF column
(Amersham Biosciences, UK) according to the manufacturer’s
instructions. The purified protein was analysed by SDS-PAGE and
the total protein concentration was determined using Bradford assay
(Bradford, 1976).
Antibody production: BALB/c mice (4 mice/group) were used for
the immunization of purified GST-fusion protein. At the immunization,
mice inoculated by the injection of 100 µl of PBS as a negative
controls, 100 µg of purified GST protein and GST fusion RBIV-ORF
112 L protein. Antibody production was carried out according to the
method of Bruce et al. (2002) and Ooi et al. (2004).

Results and Discussion
Sequence analysis of ankyrin repeats gene, ORF 112L of
RBIV: The antigenic properties of the RBIV (Accession No.
AY532606, Rock bream iridovirus strain RBIV-KOR-TY1 from South
Korea, complete genome, Do et al. (2004) were investigated by
using protein-protein BLAST (blastp) and conserved domain
database (rpsblast). The ankyrin repeats gene is a protein interaction
domain, which may function in the invasion of virus. Comparisons of
the nucleotide and amino acid sequences of RBIV-ORF 112L with
other megalocytivirus species, RBIV-ORF 112L had high degree
(>92%) of identity with other iridovirus ankyrin repeat-containing
proteins (orange-spotted grouper iridovirus (OSGIV); AAX82423,
infectious spleen and kidney necrosis virus (ISKNV); NP_612341)
as shown in Fig. 1.
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Enzyme linked immunosorbent assay (ELISA): The procedure
used for the ELISA was followed by Cliquet et al. (2004) and Prakash
et al. (2005). Well plate (96 well) was coated with 1 µg of purified
protein and incubated at room temperature for overnight. The plate
was then rinsed with PBS-Tween (PBS containing 0.05% (w/v)
Tween 20) and blocked with PBS containing 3% (w/v) skimmed milk
at 37oC for 2 hr. After washing with PBS-Tween, 100 µl of dilution of
preimmune serum as a control or polyclonal antibody against RBIVORF 112L were added to each well. After 3 hr incubation at room
temperature, plates were rinsed with PBS-Tween, and then 100 µl
of 1:2000-diluted Horse Radish Peroxidase (HRP)-anti-mouse
(Sigma, USA) was added to each well and incubated for 1 hr at
room temperature. After washing 8 times, the enzyme activity was
determined by adding 100 µl of 3,3',5,5'-Tetramethylbenzidine
substrate solution. Optical density was read at 630 nm with an ELISA
plate reader after incubating for 30 min.

antisera were treated at 56oC for 30 min. Then, 400 µl of the
antisera with a serial dilution ranged from 10o to 103 in EMEM
medium were mixed with 400 µl of RBIV stock. For neutralization
reaction, the virus-antisera mixture was incubated at 25oC for 1 hr.
Then, 200 µl of each mixture was added to BF-2 monolayers and
incubated at 25oC for 1 hr. After incubation with the mixture, EMEM
containing 5% FBS was added to the plates. The plate was
incubated at 25oC for 5 days. The plates were observed under the
microscope everyday for the detection of CPE (Lai et al., 2001
and Villen et al., 2004).
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2% SDS and 0.1% bromophenol blue with 14.4 mM 2mercaptoethanol) and boiled for 5 min. After electrophoresis by 12.5%
acrylamide gel, the gel was stained with Brilliant Blue G (Sigma, USA).

lin
e

Expression and purification of recombinant RBIV protein:
ORF 112L of RBIV was cloned into expression vector of pGEX-4T-1.
The physical map of RBIV-ORF 112L was analyzed by restriction
enzyme digestion (Fig. 2A). As shown in Fig. 2B, lane 1 was the
band of one cut recombinant DNA digested by BamHI. Lane 2
shows the separated vector and RBIV-ORF 112L digested by BamHI
and XhoI. This indicates that selected gene was correctly inserted
into expression vector.
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Neutralization test :
Fish cell line: The BF-2 from bluegill fry (Lepomis macrochirus)
(American Type Culture Collection, ATCC-CCL 91) were maintained
in Eagle’s minimum essential medium (EMEM, Sigma, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco, USA) and
antibiotic antimycotic solution (100 units/ml penicillin, 100 µg/ml
streptomycin and 250 ng /ml amphotericin, Sigma, USA) (Hansen et
al., 1990 and Nakajima et al., 1998). The cells were cultured at
25oC and the medium was changed daily.
Virus sample: Moribund rock bream, O. fasciatus (about 100-120 g
in body weight) were purchased from a hatchery. Tissue specimen
of the spleen from the moribund rock bream (O. fasciatus) infected
by RBIV was homogenized in 10 volumes of EMEM. The tissue
homogenate was centrifuged at 2,500×g for 5 min at 4oC. The
supernatant was passed through a 0.2 µm filter membrane and the
permeation was used as a virus stock (Park et al., 2005).
Virus neutralization test in BF-2 cell culture: BF-2 cells were
cultured in 24-well plates for 2 days for forming cell monolayers. The
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The recombinant protein was successfully expressed using
E. coli BL21 (DE3) as shown in Fig. 3. From the analysis of SDSPAGE, correct size recombinant protein was observed as 72 kDa for
fusion protein of ORF 112L and GST as shown in Fig. 3A, lane2-4.
However, the non-induced pGEX-112L did not show the expressed
fusion protein band (Fig. 3A, lane1). The soluble recombinant RBIV
protein was applied to GSTrapFF affinity column chromatography.
The band of purified fusion protein showed high purity and correct
size by SDS-PAGE (Fig. 3B, lane 1).
Production of RBIV-ORF 112L specific polyclonal antibody
and detection of RBIV: ELISA was carried out to identify the
reaction abilities of polyclonal antibodies to recombinant protein.
The results of ELISA performed on serum samples from mice
immunized with GST-ORF 112L and preimmune sera are shown
in Fig. 4. Compared to the preimmune serum group, serum samples
from mice immunized with GST-ORF 112L showed significantly
higher antibody titers than the preimmnue serum. GST-ORF 112L
polyclonal antibody was successfully detected the recombinant
protein.

In vitro neutralization of polyclonal antibody against rORF 112L of RBIV
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Fig. 1: Sequence analysis of RBIV-ORF 112L, (A) Comparison of nucleotide sequence of RBIV-ORF 112L with other iridoviruses (orange-spotted grouper iridovirus
(OSGIV); AY894343 (nt. 107986-109351), infectious spleen and kidney necrosis virus (ISKNV): AF371960 (nt. 108093-106723). (B) Multiple alignment of amino acid
sequences of RBIV-ORF 112L with other iridoviruses (OSGIV; AAX82423, ISKNV; NP612341). The putative ankyrin repeats protein domains are underlined
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Fig. 2: Map of the recombinant plasmid used in this study for GST-ORF 112L fusion protein expression, (A) and cloning of ORF 112L of RBIV into expression
vector of pGEX-4T-1 (B) M: 1 kb DNA ladder, lane 1: recombinant DNA was digested with one restriction enzyme (BamHI), lane 2: recombinant DNA was
digested with two restriction enzymes (BamHI and XhoI). The bands were expression vector and separated inserted gene
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Fig. 3: Expression (A) and purification (B) of recombinant RBIV proteins expressed in E. coli BL21 (DE3). (A) BL21(DE3)/pGEX-112L fusion protein
expression, M: low molecular weight marker, lane 1: BL21(DE3) / pGEX-112L total protein (non-induction), lane 2: BL21(DE3) / pGEX-112L total protein
(induction), lane 3: BL21(DE3) / pGEX-112L soluble protein (induction), lane 4: BL112L(DE3) / pGEX-112L insoluble protein (induction), (B) BL21(DE3) / pGEX112L fusion protein purification, M: pageruler protein ladder, lane 1: Purified GST-112 L

In vitro virus neutralization with BF-2 cell culture:
Neutralization tests were carried out with antisera obtained by
mice immunized with PBS, GST and purified GST-ORF 112L
proteins. Cytopathic effects (CPE) were detected from BF-2
cells infected by the RBIV in 2 to 3 days of post-infection (Fig.
5B). BF-2 cells infected with the mixture of RBIV and anti-PBS
serum or anti-GST polyclonal antibody showed the presence of
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CPEs in all plates (Fig. 5C, D). Whereas, BF-2 cells infected
with the mixture of RBIV and antisera obtained by anti-GSTORF 112L polyclonal antibody were healthy showing few CPE
(Fig. 5E) similar to the negative control (without RBIV, Fig. 5A).
Therefore, BF-2 cells infected with the mixture of RBIV and antiGST-ORF 112L polyclonal antibody were able to neutralize
cytopathic activity of RBIV.

In vitro neutralization of polyclonal antibody against rORF 112L of RBIV
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Fig. 4: Polyclonal antibody production confirmed by ELISA. Antibody titers
in the serum from mice immunized with recombinant GST-ORF 112L and
preimmune serum were determined with various dilution factors of serum
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Fig. 5: In vitro neutralization test in BF-2 cell culture
(A): cells infected by medium-only as a negative control, (B): cells infected by RBIV-only as a positive control (arrows indicate cytopathic effects), (C): cells
infected with the mixture of RBIV and anti-PBS serum, (D): cells infected with the mixture of RBIV and anti-GST polyclonal antibody, (E): cells infected with
the mixture of RBIV and anti-GST-ORF 112L polyclonal antibody (dilution of 100, × 200)
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Present studies suggest that the RBIV-ORF 112L plays an
important role in RBIV infection mechanism in fish cells. This indicates
that a promising vaccine against RBIV can be produced using ORF
112L. Further studies are in progress to evaluate antigenic properties
of RBIV ORFs to develop vaccines.
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Several papers (Jung and Oh, 2000 and Do et al., 2004)
have reported the presence of iridovirus in rock bream, (O. fasciatus).
Diagnostic tools, such as polymerase chain reaction (Kim et al.,
2002), and protein chip based on surface plasmon resonance
imaging (Cho and Kim, 2007) using RBIV major capsid protein
(MCP) as an antigen for the detection of iridovirus from infected rock
bream have been developed. However, effective and economical
serum neutralization for RBIV was not developed. In the present
study, RBIV ankyrin repeats gene (ORF 112L) specific antiserum
was prepared and its antigenic properties were reported. The result
of ELISA and in vitro virus neutralization with RBIV-infected BF-2
cells suggests the possibility of RBIV ankyrin repeats gene (ORF
112L) for host-range function, which is similar to vaccinia virus K1L
protein in RK-13 (rabbit kidney cell line, ATCC-CCL-37, Bradley et
al., 2005), and the blocking effect of virus infection was evaluated,
which was similar to RGD-containing protein in large yellow croaker
iridovirus (Ao and Chen, 2006).

Acknowledgments
This research was supported by Regional Research Fund
from the Ministry of Commerce, Industry and Energy, South Korea.
Ms. Kim, Yun-Im and Ha, Yu-Mi were financially supported from
Brain Busan 21 of Metropolitan City of Busan, South Korea.
References

On

lin
e

Ao, J. and X. Chen: Identification and characterization of a novel gene
encoding an RGD-containing protein in large yellow croaker iridovirus.
Virology, 355, 213-222 (2006).
Bradford, M.M.: A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem., 72, 248-254 (1976).
Bradley, R.R. and M. Terajima: Vaccinia virus K1L protein mediates hostrange function in RK-13 cells via ankyrin repeat and may interact with
a cellular GTPase-activating protein. Virus Res., 114, 104-112 (2005).
Bruce, M.P., V. Boyd, C. Duch and J.R. White: Dialysis-based bioreactor
systems for the production of monoclonal antibodies-alternatives to
ascites production in mice. J. Immunol. Methods, 264, 59-68 (2002).
Cho, H.S. and T.J. Kim: Comparison of surface plasmon resonance imaging
and enzyme-linked immunosorbent assay for the detection of antibodies

Journal of Environmental Biology

 July, 2008 

