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A B S T R A C T   

Cyprinid herpesvirus 2(CyHV-2)is the main pathogen causing haematopoietic necrosis disease of goldfish 
(Carassius auratus auratus) and gibel carp (Carassius auratus gibelio), which has caused huge economic losses to 
aquaculture industry of goldfish and gibel carp around the world. Currently, various detection methods based on 
nucleic acids have been established for the detection of CyHV-2. However, there is still a lack of rapid and 
effective immunological detection technology. In this study, anti-CyHV-2 ORF66 monoclonal antibodies (MAbs) 
were prepared to use the recombinant ORF66 protein as the antigen. Firstly, the open reading frame of CyHV-2 
ORF66 was cloned into the pET-28a vector and expressed in Escherichia coli. Three MAbs (2F11, 2G8, and 3D6) 
against recombinant ORF66 protein were developed by immunization of Balb/C mice. Among them, MAb-2F11 
belonged to the IgG2b isotype, 2G8 and 3D6 belonged to the IgG1 isotype. Western blotting analysis was per-
formed to assess the ability of the MAbs to bind to the ORF66 recombinant protein and CyHV-2 nucleocapsid 
protein ORF66. In addition, the MAb-2F11 was used to detect the virus particles that infected in cell line and 
tissues of gibel carp virus infection by immunological methods. These results indicated that the anti-CyHV-2 
ORF66 MAb-2F11 prepared in this study could not only detect the presence of the virus but also provide a 
research tool for further studying the role of ORF66 in the process of CyHV-2 infection.   

1. Introduction 

Gibel carp (Carassius auratus gibelio) is one of the important fresh-
water species in China (Gui and Zhou, 2010). In recent years, the disease 
caused by cyprinid herpesvirus 2 (CyHV-2) infection resulted in huge 
mortality and significant economic losses of gibel carp aquaculture in-
dustry (Lu et al., 2018). The CyHV-2 infection has been reported across 
the world since it was first detected in Japan (Jung and Miyazaki, 1995; 
STEPHENS et al., 2004; Minamoto et al., 2015; Zhu et al., 2019; Fichi 
et al., 2013; Daněk et al., 2012). 

CyHV-2 known as herpesviral haematopoietic necrosis virus 
(HVHNV) of goldfish is which member of Cyprinivirus that includes carp 
pox virus (CyHV-1) and koi herpesvirus (CyHV-3) (Chai et al., 2020). 
The enveloped viral particles are elliptical with a diameter of 175–200 
nm, and the genome consists of a double strand of DNA with a length of 
about 290,304 bp (Jung and Miyazaki, 1995). The CyHV-2 genomes are 
predicted to contain 150 unique, functional protein-coding genes, of 
which four are duplicated in the terminal repeat, which are mainly 
involved in viral replication, assembly, and capsid formation (Davison 

et al., 2013). Among them, CyHV-2 has three nucleocapsid proteins, 
namely ORF66, ORF72, and ORF92 (Thangaraj et al., 2021). Nucleo-
capsid proteins are the main antigenic proteins of virions. For the 
infected organism, it is a specific viral antigen that can stimulate the 
immune system of the organism to produce an immune response (Lang 
et al., 2020). 

At present, there is still a lack of effective prevention and control 
measures for CyHV-2 infection. Early and rapid detection is still the most 
effective means to control the spread of the virus. The detection tech-
niques of PCR (Waltzek et al., 2009), real-time quantitative PCR 
(Goodwin et al., 2006), LMAP (He et al., 2013) have been developed for 
the detection of CyHV-2. In addition, immunodiagnostic methods based 
on anti-CyHV-2 antibodies have also been established, such as mono-
clonal antibodies (MAbs) against the recombinant protein of ORF72, 
ORF92, and ORF25 (Kong et al., 2017; Shen et al., 2018; Wu et al., 
2020). 

ORF66 encodes the major capsid protein of CyHV-2 (Thangaraj et al., 
2021). In this study, the MAbs against the recombinant protein of 
CyHV-2 ORF66 were prepared. The specificity of MAbs was analyzed by 
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dot blotting, indirect immunofluorescence and western blotting tech-
niques, and the suitability of the antibody in rapid detection of CyHV-2 
in infected cells and the infection process of the virus in gibel carp were 
studied. The results can further enrich the detection methods of CyHV-2 
and provide a research tool for further study of the role of ORF66 in the 
process of CyHV-2 infection. 

2. Materials and methods 

2.1. Fish, virus, and cells 

Healthy gibel carp (Carassius auratus gibelio) with an average weight 
of 50 g ± 0.5 g were purchased from an aquatic farm (Jiangsu province, 
China) that had no history of CyHV-2 infection. Fish were maintained in 
tanks (1.5 m × 0.8 m × 1.0 m) containing aerated water at a temperature 
of 22–25 ◦C for 1 week before the experiment. The CyHV-2 strain (YC-1) 
was isolated from diseased gibel carp in Yancheng, Jiangsu province. 
The cell line of GiCF (Carassius auratus gibelio caudal fin cell) was ob-
tained from Shanghai Ocean University as a gift. 

2.2. Expression and purification of recombinant protein of ORF66 
(rORF66) 

Firstly, specific PCR primers for the full-length of CyHV-2 ORF66 
gene were designed according to the sequence (No. AKC02013.1) in 
GenBank. The primer sequences were as followed: Forward 5′- 
AGGATCCATGACCTCCCTCCAGCAAGCTAC-3′, Revers:5′-TAAGCTTA-
TAAATCATGAGATCGTCTAGGTC-3′ (Underline represents the restric-
tion enzyme sites of BamH I and Hind III respectively). The total DNA 
extracted from the spleen of gibel carp infected with CyHV-2 was used as 
the template for PCR amplification. The PCR assay was carried out by 
denaturation at 95 ◦C for 5 min, 30 cycles of amplification (95 ◦C for 1 
min, 60 ◦C for 30 s, 72 ◦C for 1 min 30 s), and a final extension of 72 ◦C 
for 10 min. The product was identified by 1% agarose gel electrophoresis 
and DNA sequencing. Then, the pET28a- ORF66 plasmid was con-
structed by inserting the PCR product into the pET-28a expression vector 
with a His-tag. The plasmids were then transformed into competent 
E. coli BL21 (DH5α) cells, and the transformants were cultured in Luria 
Bertani (LB) medium supplemented with 50 μg/mL kanamycin. The 
expression of recombinant ORF66 protein (r ORF66) was induced by the 
addition of a final concentration of 1 mM of isopropyl-b-D-thio-
galactopyranoside (IPTG). Then the bacteria were harvested and 
analyzed by SDS-PAGE. Subsequently, the ORF66-positive bacteria were 
induced on a large scale, and purified by magnetic beads (BEAVER, 
China) followed by the manufacturer’s instruction. Finally, the purified 
proteins were renatured by dialysis against urea concentration gradient 
and quantified by Bradford protein assay kit (TaKaRa, Japan). 

2.3. Preparation of monoclonal antibodies against rORF66 

Three female (4 weeks old) Balb/C mice (Experimental Animal 
Research Center, Dalian Medical University, China) were each inocu-
lated by intraperitoneal injection with 0.1 mL of 1 mg/mL purified 
rORF66 emulsified with an equivalent volume of Freund’s complete 
adjuvant (Sigma). Two weeks later, mice were boosted with a 1:1 
mixture of protein and incomplete Freund adjuvant (Sigma) once a week 
for three times. Three days after the last injection, the mice were anes-
thetized with ethyl ether and sacrificed. Spleen cells were collected from 
the immunized mice and fused with Sp2/0 myeloma cells using poly-
ethylene glycol 1500 (Sigma). The cells were distributed into 96-well 
culture plates (Costar) in 1640 medium (Solarbio) supplemented with 
20 % newborn calf serum (Gibco) and 1% HAT (Sigma), and the culture 
medium was changed every 3–5 days. The selection of hybridoma cells 
producing monoclonal antibody specific for rORF66 was accomplished 
by dot-blotting. Positive hybridomas were cloned three times by limited 
dilution. 

2.4. Dot blotting assay for selection of positive hybridomas 

A nitrocellulose (NC) membrane (PALL, America) was cut to the 
desired size and transferred into the 96-well flat-bottom microplates 
(Costar). 20 ng rORF66 was spotted on the NC membrane, followed by 
blocking with 5% BSA in PBST (PBS containing 0.05 % Tween-20) at 37 
◦C for 1 h, and washed three times with PBST. A 100 μL of hybridoma 
supernatant was added to each well and incubated at 37 ◦C for 1 h. 
Myeloma culture supernatant was used as the negative control. Each 
well was washed three times with PBST. After washing, 100 μL of AP- 
labeled goat anti-mouse Ig (Solarbio) diluted 1:2000 in PBST was 
added to each well and incubated at 37 ◦C for 1 h,then washed three 
times in PBST for 5 min each and developed with BCIP/NBT for 3 min. 
The development reaction was terminated by rinsing with distilled 
water. Clear purple-blue dot development on NC paper was considered 
positive. The MAbs were isotyped using a mouse MAb isotyping kit 
(Beijing Biodragon, China) according to the manufacturer’s instruction. 

2.5. Western blotting assay for MAbs against rORF66 

Recombinant ORF66 protein and CyHV-2 cell culture suspension 
were separated by 12 % SDS-PAGE and subsequently transferred to a 0.2 
μm-pore nitrocellulose membrane at 100 V for 1 h. After blocking at 4 ◦C 
overnight with PBST containing 5% BSA, the membrane was incubated 
with MAbs (2G8, 2F11 3D6) above obtained at 37 ◦C for 1 h, respec-
tively. Myeloma culture supernatant was used as the negative control. 
After rinsing the membrane three times in PBST for 5 min each the 
membrane was treated with AP-labeled goat anti-mouse Ig diluted 
1:2000 in PBST at 37 ◦C for 1 h. Then, the membrane was washed three 
times in PBST for 5 min each, and developed with BCIP/NBT substrate 
for 5 min. The development reaction was terminated by rinsing with 
distilled water. 

2.6. Indirect immunofluorescence assay (IIFA) for MAb-2F11 against 
CyHV-2 

GiCF cells were cultured in a 24-well plate with medium 199 (Gibco) 
supplemented with 10 % FBS (Gibco) and 1% penicillin-streptomycin 
(Thermos) at 25 ◦C. GiCF cells were infected with CyHV-2 and imme-
diately washed with PBST after the CPE was observed. The cells were 
then fixed with acetone solution for 10 min, dried, and washed with 
PBST 3 times. The cells were incubated with MAb-2F11 against ORF66 
for 1 h at 37 ◦C. After washing three times with PBST, the cells were 
incubated with fluorescein isothiocyanate (FITC)-conjugated goat-anti- 
mouse Ig at a dilution ratio of 1:200 in PBST at 37 ◦C for 1 h. After 
washing, the cells were mounted in an antifade solution containing DAPI 
(Solarbio) and examined using fluorescence microscopy. MAbs-1B7 
against ORF92 protein of CyHV-2 (Shanghai Ocean University, China) 
were used to detect GiCF cells infected with CyHV-2 as a positive con-
trol. MAbs-2F11 against ORF66 protein of CyHV-2 were used to detect 
GiCF cells uninfected with CyHV-2 as a blank control. 

2.7. The process of CyHV-2 infection in gibel carp 

Healthy gibel carp were infected with YC-1 by immersion and 
maintained at 25 ◦C. Tissues of spleen, kidney, gill, and fin were sampled 
at 0 d, 1 d, 3 d, and 5 d after infection and embedded in tissue freezing 
medium (Leica) and stored at − 20 ◦C. Cryosections of embedded tissues 
were prepared as follows: 5 mm-thick frozen sections of each sample 
were cut using a cryostat microtome (CM1900, Leica) at − 20 ◦C, then 
fixed with pre-cooled acetone for 15 min, and stored at − 20 ◦C for IIFA. 
The IIFA was performed as described above and the MAb-2F11 was used 
as a detective antibody. 
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3. Results 

3.1. PCR amplification and the construction of pET28a-ORF66 plasmid 

After PCR amplification, a size of 1200 bp of the band was observed 
by agarose gel electrophoresis, which was consistent with the expected 
size of CyHV-2 ORF66. Then the product was inserted into the expres-
sion vector pET-28a. DNA sequencing confirmed that the inserted 
fragment was correct without any base mismatch or mutation, indi-
cating the vector pET-28a-ORF66 was successfully constructed (As 
shown in Fig.1). 

SDS-PAGE analysis showed that E. coli BL21 (DH5a) cells harboring 
pET28a-ORF66 induced by IPTG expressed a 50-kDa protein, which 
coincided with the size of predicted molecular weight. However, the 
bacteria without IPTG induction had no distinct protein band at the 
corresponding position (Fig.2a). As shown in Fig. 2b, SDS-PAGE analysis 
showed that the rORF66 was successfully purified, which could apply to 
animal immunization. 

3.2. Screening of the MAbs against the rORF66 

Fusion of spleen cells from immunized Balb/C mice with myeloma 
cells produced several hybridoma clones secreting MAbs against rORF66 

of CyHV-2. Positive clones were determined by dot blotting (shown as 
Fig.3), three positive hybridomas designed as 2F11, 2G8, and 3D6 were 
cloned and subcloned by limiting dilution. MAb 2F11, 2G8, and 3D6 
were isotyped with a mouse monoclonal antibody isotyping kit and the 
results indicated that 2F11 belongs to IgG2b isotype, 2G8 and 3D6 
belong to IgG1 isotype. 

3.3. Western blotting assay for MAbs against rORF66 

The result of western blotting analysis showed that three MAbs 
(2F11, 2G8, and 3D6) reacted specifically with the 50 kDa rORF66 
(Fig.4.(a)). At the same time, the CyHV-2 cell culture suspension was 
used to detect MAb 2F11, 2G8, and 3D6. The result is shown in Fig.4.(b) 
demonstrates that all the MAbs mentioned above can be used as an 
effective detection tool in western blotting. However, it was found that 
MAb-2F11 had the strongest reaction with ORF66, therefore, MAb-2F11 
was selected for further study. 

3.4. MAb-2F11 against CyHV-2 by IIFA 

After GiCF cells were infected with CyHV-2 for 48 h, and the cells 
were fixed. The efficacy and specificity of MAb-2F11 against the protein 
of ORF66 were determined by IIFA using MAb-2F11 as the first anti-
body. The results showed that positive signals were clearly detected in 
virus-infected cells with MAb-2F11 and MAb against protein ORF92 of 
CyHV-2. There is no signals were observed in the control cells (Fig.5). 

3.5. The process of CyHV-2 infection in gibel carp 

There is no virus was detected in the tissues of spleen, kidney, and 
gill at 0 d, 1 d, and 3 d post infection by IIFA. The positive signals were 
found in fins at 3 days post-infection (Fig.6) and in the tissue of spleen, 
kidney, fin, and gill at 5 days post-infection (Fig.6). 

Fig. 1. Amplification of the target gene and the construction of recombinant 
expression plasmid. 
(a) M: Marker 2000; 1: Target gene; (b) M: Marker 2000; 1: Production of 
pET28a-ORF66 digested with restriction enzyme; 2: Control of pET28a- 
ORF66 plasmid. 

Fig. 2. Expression and purification of rORF66. 
(a) Analysis of rORF66 expressed in E. coli BL21 by SDS-PAGE. 
M: Marker; 1− 2: The soluble and insoluble protein of pET28a- 
ORF66 harboring BL21 without IPTG-induction, respectively; 
3− 4: The soluble and insoluble protein of pET28a-ORF66 
harboring BL21 with IPTG-induction, respectively. (b) M: 
Marker; 1: Target band after purification of rORF66.   

Fig. 3. Dot blotting assay for selection of positive hybridomas. 
No.1− 4: Immunostaining with MAb 2F11, 2G8, 3D6, and myeloma culture 
supernatant, respectively. 
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4. Discussion 

The haematopoietic necrosis of gibel carp caused by CyHV-2 infec-
tion is a severe infectious disease that causes huge economic losses to 
gibel carp aquaculture industry. A rapid, simple, and accurate detection 
method can contribute to the prevention of the outbreak of the disease. 

Monoclonal antibodies (MAbs) are highly homogeneous antibodies 
that are produced by cloning a single B cell and are specific to a specific 
epitope. In recent years, MAb as a detection tool has been gradually used 
to detect viral diseases (Zvirbliene et al., 2006), and the number of 
antiviral MAb developed for fish virus infection has gradually increased 
(Hu et al., 2015; Aoki et al., 2011; Jing et al., 2018). Analysis of the 
protein structure showed that CyHV-2 contained 74 proteins, including 
3 capsid proteins, 18 membrane proteins, and 53 unclassified proteins 
(Thangaraj et al., 2021). The preparation of MAbs against the specified 
proteins of the virus will provide a powerful tool to study the role of 
these proteins during virus infection. In addition, the establishment of 
immunological detection methods using MAbs could contribute to pre-
venting the outbreak of disease. So far, three anti-CyHV-2 MAbs have 
been prepared by prokaryotic expression and cell fusion, among which 
ORF72 protein and ORF92 protein are CyHV-2 nucleocapsid protein, 
and ORF25 protein is virus membrane protein (Kong et al., 2017; Shen 

et al., 2018; Wu et al., 2020). It has been proved that the MAb against 
ORF72 can be used as a detection tool for an immunohistochemical 
protocol with the blood smear method (Kong et al., 2017). The MAb 
against ORF92 can also specifically recognize CyHV-2 by IFA (Shen 
et al., 2018). The anti-ORF25 MAb has strong specificity for CyHV-2. In 
addition, the test for detecting purified CyHV-2 by the immunochro-
matographic strip (ICS) could be completed in 10 min and the sensitivity 
was 1 mu g ml(-1) (Wu et al., 2020, 2021). 

The goal of this study was to prepare a specific monoclonal antibody 
against CyHV-2. Dot blotting and western blotting results showed that 
the anti-ORF66 MAbs could specifically recognize rORF66 and nucleo-
capsid protein ORF66 of CyHV-2. At the same time, IIFA was carried out 
with the prepared monoclonal antibody, which proved that MAb-2F11 
against ORF66 could not only detect the virus particles in GiCF cells 
but also could be applied to detect the CyHV-2 in the tissues of gibel carp 
infected with CyHV-2. The results showed that virus particles were 
detected in the fins 3 days after infection and in the gill, fin, spleen, and 
kidney 5 days after infection. These results suggested that the anti- 
CyHV-2 ORF66 monoclonal antibody is not only helpful for the detec-
tion of CyHV-2 infection but also provides a tool for further study of the 
role of ORF66 in CyHV-2 infection. 

Histological analysis in the study by Ding et al. supported that CyHV- 

Fig. 4. Western blotting assay for MAbs against rORF66. 
(a) MAbs against the rORF66. (b) MAbs against the CyHV-2 suspension. M, Protein marker; Lane 1–4, immunostaining with MAb 2G8, 2F11 3D6, and supernatant of 
cultured myeloma, respectively. 

Fig. 5. CyHV-2 detection MAb 2F11 against CyHV-2 by IIFA. 
Detect antibody: Detection of CyHV-2 on infected GiCF with MAb-2F11. Positive control: Detection of CyHV-2 on infected GiCF with MAb against ORF92 of CyHV-2. 
Blank control: Detection of CyHV-2 on uninfected GiCF with MAb-2F11. 
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2 may infect the fish through gills and induce mucosal sloughing and 
necrosis followed by residing in the white blood cells of kidneys and 
inducing severe interstitial nephritis (Ding et al., 2014; Wu et al., 2013). 
In addition, the results of histological examination and electron micro-
scope observation of goldfish naturally infected with CyHV-2 also 
indicated that gills are the portal of CyHV-2 infection (Jiang et al., 
2020). In this study, detection of CyHV-2 in the tissues of gibel carp 
infected with CyHV-2 by immersion found that CyHV-2 was detected in 
the fins of gibel carp 3 days post virus infection, but no virus particles 
were found in the gills and other tissues. At 5 days post virus infection, 
CyHV-2 was detected in the gill, kidney, spleen, and fin. The result of 
this study is consistent with the study of koi herpesvirus (CyHV-3) 
infection in Cyprinus carpio, which showed that skin and fin are the 
portal of CyHV-3 infection in Kio (Costes et al., 2009). 

5. Conclusion 

In this study, the recombinant protein of CyHV-2 ORF66 was suc-
cessfully prepared by prokaryotic expression, and the MAbs against 
ORF66 were prepared by cell fusion and limited dilution cloning tech-
nique. Dot blotting and western blotting verified that anti-ORF66 MAbs 
could specifically identify ORF66 recombinant protein and nucleocapsid 
protein ORF66 of CyHV-2. IIFA results showed that the anti-ORF66 
MAb-2F11 could detect CyHV-2 in GiCF cells and gibel carp tissues. 
Detection of CyHV-2 in different tissues of gibel carp infected with virus 
indicated that the fins might be the portal of CyHV-2 invasion to fish. 
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