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Cyprinid herpesvirus 3 (CyHV-3), known as koi herpesvirus (KHV), is highly contagious 
and lethal. In this study, we aimed to characterize the ORF24-encoding protein of 
CyHV-3, investigate its sub-cellular localization, and determine its impact on the 
expression of immune factors through in vitro experiments. The results showed that the 
CyHV-3 ORF24 protein comprises 579 amino acids. Interestingly, multiple comparisons 
with homologous proteins from three carp herpesvirus origins showed no significant 
similarity. The fluorescence localization experiment showed that the green fluorescence 
signal, representing the protein pEGFP-ORF24, was primarily diffused in the cytoplasm. 
Notably, the overexpression of ORF24 effectively suppressed the expression of immune 
factors in both CCO (Channel catfish ovary) and FHM (Fathead minnow muscle cell line) 
cells. Bioinformatic analysis indicated that the CyHV-3 ORF24 gene exhibited significant 
differences from the corresponding genes in the other two carp herpesviruses. This 
suggests its unique functional role in the evolutionary context. Moreover, our findings 
demonstrated that overexpression of CyHV-3 ORF24 can effectively inhibit the 
expression of immune factors, underscoring its crucial role as a viral immune escape 
factor. These results provide further insights into the immune function of the CyHV-3 
ORF24 protein and offer a theoretical foundation for developing new vaccines against 
CyHV-3 virus infections. 

INTRODUCTION 

Koi herpesvirus disease (KHVD), resulting from the infec
tion of cyprinid herpesvirus 3 (CyHV-3), has been a global 
concern for nearly two decades, posing a significant threat 
to the safety of both carp (Cyprinus carpio) and koi (Cypri
nus carpio haematopterus) farming.1,2 CyHV-3, or Koi her
pesvirus (KHV), belongs to the Herpesvirales order, Her
pesviridae family, and Cyprinivirus genus. It boasts a 
substantial genome size of 295 kb, encoding 164 ORFs, in
cluding 8 duplicate ORFs, making it the largest known her
pesvirus in terms of genome size.3 

Contemporary research unde-rscores the crucial role of 
the host’s innate immune system as the primary defense 
mechanism against pathogenic invasions in fish, often act
ing more swiftly than the adaptive immune system.4 During 
the early stages of viral infection, interferons (IFNs) play 

a pivotal role in initiating the innate immune response 
against the virus. When the host detects a viral infection 
through pattern recognition receptors (PRRs), it triggers 
the innate immune response by recognizing viral nucleic 
acids and proteins, leading to the upregulation of IFNs.5‑7 

These IFNs influence viral replication.8 Numerous studies 
have demonstrated the effective activation of host immune 
responses during herpesvirus infections.9 Innate immune 
responses to teleost fish herpesviruses have also been ob
served, such as Cyprinid herpesvirus-2 (CyHV-2) infection, 
which induces the expression of immune genes in gold
fish.10 Carp challenged by CyHV-3 display robust type I IFN 
responses.11 However, specific CyHV-3 ORFs’ roles in the 
infection process remain poorly understood. 

In this study, we employed bioinformatics analysis to as
sess the conservation of ORF24 in cyprinid herpesviruses 
and conducted colocalization experiments to determine its 
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specific subcellular localization. Our findings revealed that 
the ORF24 gene of CyHV-3 differs significantly from those 
in the other two carp herpesviruses, underscoring its 
unique evolutionary function. Colocalization experiments 
indicated that ORF24 is distributed in the cytoplasm, and 
the overexpression of ORF24 effectively inhibited the ex
pression of IFN and its downstream genes stimulated by 
poly(I:C). These results provide novel insights into 
CyHV-3-host interactions and lay the groundwork for de
veloping a novel DNA vaccine against CyHV-3. 

MATERIALS AND METHODS 
MULTIPLE COMPARISONS AND EVOLUTIONARY 
ANALYSES OF AMINO ACID SEQUENCES 

The study examined the ORF24 gene (GenBank: 
AVL28280.1) within the CyHV-3 genome (KJ627438) and 
extracted the amino acid sequence encoding its corre
sponding protein. A sequence comparison was performed 
with homologous proteins from three carp herpesviruses, 
namely CyHV-1 (NC_019491) and CyHV-2 (NC_019495.1) 
to gain insights into their evolutionary relationships. This 
comparison process involved using Clustal X 1.83 to align 
multiple sequences of these homologous proteins. Subse
quent searches for similar sequences within the NCBI data
base were conducted, and conserved domains within these 
proteins were predicted. The arrangement and presentation 
of this data were meticulously curated using GenDoc soft
ware. MEGA 7.0 software was also employed to construct 
phylogenetic trees, providing valuable insights into the 
evolutionary connections among these herpesviruses. 

FISH CELL LINES AND PLASMIDS 

CCO (Channel catfish ovary) cells and FHM (Fathead min
now muscle cell line) cells were cultured at 25°C in min
imum essential medium (MEM) (HyClone, USA) supple
mented with 10% heat-inactivated fetal bovine serum 
(Gibco, New Zealand), penicillin (100 μg ml-1), and strepto
mycin (100 μg ml-1). Both cells were obtained from our lab
oratory and stored in liquid nitrogen. The plasmid pEGFP-
ORF24 was created by inserting PCR-amplified cDNAs of 
the ORF24 gene into the pEGFP-N1 vector using the 
primers listed in Table 1 . 

TRANSFECTION 

Poly (I:C) and pEGFP-ORF24 were incubated with TransIn
troTM EL Transfection Reagent (TransGen Biotech, China) 
in 500 μl of Opti-MEM medium (Invitrogen, USA) for 30 
min at room temperature. Subsequently, the above reagents 
were added to the cultured CCO and FHM cells’ culture 
dishes, respectively. After 6 h of transfection at 25 ℃, the 
medium was replaced with 1 ml of MEM, and the cells were 
incubated at 25 ℃. The corresponding cell samples were 
collected for subsequent RNA sample extraction depending 
on the experimental conditions. 

QUANTITATIVE RT-PCR 

Total RNAs were extracted from cells using TRIzol reagent 
(Invitrogen) following the manufacturer’s instructions. The 
reverse transcription reagent and qRT-PCR reagent used in 
this experiment were purchased from Vazyme Biotech Co., 
Ltd. Follow-up experiments were performed according to 
the manufacturer’s instructions. To detect immune genes, 
1 μg of RNA was mixed with 1 μl of Oligo (dT), 4 μl of 4× 
gDNA wiper Mix, and RNase-free H2O to a total volume of 
16 μl. After incubation at 42℃ for 2 min, 4 μl of 5× select 
qRT supermix II was added and incubated at 50℃ for 15 
min and 85℃ for 2 min. The quantitative PCR reactions 
were conducted in 20 μl volumes, including 10 μl of AceQ 
qPCR SYBR Green Master mix, 1 μl of cDNA template, 0.4 
μl of the forward primer, 0.4 μl of the reverse primer, and 
8.2 μl of ddH2O. The cycling conditions were as follows: 95 
℃ for 5 min, 45 cycles at 95 ℃ for 10 s, 60 ℃ for 10 s, 
and 72 ℃ for 15 s, followed by a final step of 95 ℃ with 
a 5 °C/s heating rate to create a melt curve. In addition, 
the reverse transcription experiment used a gradient PCR 
instrument (Bioer technology, Hangzhou, China); Applied 
Biosystems QuantStudio 1 Plus (Thermo Fisher Scientific, 
Suzhou, China) was used in the fluorescence quantitative 
PCR experiment. Data were normalized to the level of β-
actin in each sample using the 2-△△Ct method.12 

STATISTICAL ANALYSIS 

All statistical analyses were conducted using GraphPad 
Prism 5.0 (GraphPad Software, CA, USA). The statistical 
significance of the data was assessed using the Student’s t-
test, with a significance level set at p<0.05. 

RESULTS 
SEQUENCE ALIGNMENT AND PHYLOGENETIC TREE OF 
CYHV-ORF24 AND OTHER CYPRINID HERPESVIRUS 
HOMOLOGY PROTEINS 

The bioinformatics analysis of CyHV-3-ORF24 revealed that 
the protein encoded by CyHV-3-ORF24 comprised 579 
amino acids (AA). To gain further insights, we conducted 
a comparative analysis of its amino acid sequences with 
those of six homologous proteins from different her
pesviruses: CyHV-3-ORF24, CyHV-2-ORF24, 
CyHV-1-ORF22, CyHV-2-ORF22, CyHV-3-ORF22, and 
CyHV-3-ORF137. The results indicated that the identity be
tween CyHV-3-ORF24 and CyHV-1-ORF22 was relatively 
low at 30.75%, and with CyHV-2-ORF24, it was 29.48%. 
Moreover, the similarity with CyHV-2-ORF22, 
CyHV-3-ORF22, and CyHV-3-ORF137 was even lower, mea
suring only 26.52%, 26.51%, and 26.39%, respectively (Fig
ure 1-a ). These findings suggest that CyHV3-ORF24 is 
more closely related to CyHV-1-ORF22 and CyHV-2-ORF24. 
It also implies that CyHV-3-ORF24 and its homologous pro
teins may have interactions with the host, potentially con
tributing to similar diseases caused by this type of her
pesvirus. Additionally, when we constructed an 
evolutionary tree using these homologous proteins, it be
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Table 1. Primers used in this study      

Application Primer Sequence (5’-3’) 

qRT-PCR FHM-IFN-F ATGTATCGCTTTGCTGTGTC 

FHM-IFN-R TTCGGGAAGGTTATTTTAAC 

CCO-IFN-F TGTACCTCGGCCTTCTCGAT 

CCO-IFN-R CGAAGCCTGCAACTGGATGA 

FHM-TBP-F GATGGTGGGAGGTTCAGG 

FHM-TBP-R GATGGGGGTCATAGGGGT 

FHM-ISG15-F TAATGCCACAGTCGGTGAA 

FHM-ISG15-R AGGTCCAGTGTTAGTGATGAGC 

FHM-PKR-F ACCTGAAGCCTCCAAACATA 

FHM-PKR-R GCATTCGCTCATCATTGTC 

β-actin-F GGGCACCTGAACCTCTCATT 

β-actin-R CTGCTATGTGGCTCTTGACTTTG 

Expression plasmid construction pEGFP-ORF24-F CCCAAGCTTATGTCTGAGCAGGGATACATGATGA 

pEGFP-ORF24-R GGAATTCTCAATCGTCTTCAGAGTCGGAGGAG 

Figure 1. Sequence alignment and phylogenetic tree of CyHV-ORF24 and other Cyprinid herpesvirus homology             
proteins  

came evident that CyHV-2-ORF24 was closely related to 
CyHV-3-ORF24 and distanced from other homologous pro
teins (Fig. 1-b ). This aligns with the results obtained from 
the amino acid sequence alignment, reinforcing the consis
tency of our evolutionary analysis. 

THE TERTIARY STRUCTURE OF THE ORF24 PROTEIN 

We employed AlphaFold2 to predict the tertiary structures 
of CyHV-1-ORF22, CyHV-2-ORF24, and CyHV-3-ORF24. 
The results indicated that all three proteins can form var
ious secondary structural elements, including α helices, β 

sheets, and loop structures. Notably, the predominant sec
ondary structure observed in these proteins is the α he
lix. Specifically, CyHV-1-ORF22 features 18 α helices and 
8 β strands, CyHV-2-ORF24 comprises 21 α helices and 9 
β strands, and CyHV-3-ORF24 exhibits 22 α helices and 7 
β strands. These findings demonstrate that CyHV-3-ORF24 
and CyHV-2-ORF24 share a similar tertiary protein struc
ture compared to CyHV-1-ORF22, aligning with our previ
ous sequence alignment results (Fig. 2 ). 

The Molecular Characterization of the Cyprinid herpesvirus 3 (CyHV-3) ORF24 Protein and its effect on the…

Israeli Journal of Aquaculture - Bamidgeh 3

https://ija.scholasticahq.com/article/94381-the-molecular-characterization-of-the-cyprinid-herpesvirus-3-cyhv-3-orf24-protein-and-its-effect-on-the-expression-of-immune-genes-in-vitro/attachment/198132.png


Figure 2. The Tertiary structure of ORF24 protein       

Figure 3. The subcellular localization of ORF24. 293T cells were transfected with the plasmids as indicated. At 24                 
h posttransfection, the cells were subjected to fluorescent microscopy analysis (original magnification, ×100).              

THE SUBCELLULAR LOCALIZATION OF ORF24 

Upon observing cells transfected with the empty plasmid 
pEGFP-N1, it became evident that the green fluorescence 
signal was dispersed uniformly throughout the cells. In 
contrast, when examining cells transfected with the recom
binant plasmid pEGFP-ORF24, the distribution pattern dif
fered significantly from that observed after empty plasmid 
transfection. In this case, the green fluorescence signal was 
predominantly localized within the cytoplasm, with some 
fluorescence observed around the nucleus or dispersed 
within the cytoplasm (Fig. 3 ). 

ORF24 COULD INHIBIT THE PRODUCTION OF IFN 

In this investigation, we focused on determining whether 
CyHV-3 ORF24 could inhibit the production of type I IFN. 
As illustrated in Figure 4A-4B , it was evident that CyHV-3 
ORF24 significantly suppressed the poly(I:C)-induced IFN 
production in both CCO cells and FHM cells (Fig. 4 ). This 
observation highlights the broad-spectrum anti-IFN activ
ity exhibited by ORF24. Furthermore, we assessed the im
pact of ORF24 on the mRNA expression of key antiviral 
genes, namely ISG15, PKR, and TBP, in FHM cells. To do 
so, FHM cells were co-transfected with either pEGFP-N1 or 
pEGFP-ORF24 along with poly(I:C). The results unequivo
cally demonstrated that the overexpression of ORF24 led to 
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Figure 4. ORF24 could inhibit the production of IFN. (A-B) CCO or FHM cells were transfected with ORF24, empty                  
vector and poly(I:C). At 24 h, the cells were harvested. The mRNA of IFN in CCO or FHM cells was measured using                       
qRT-PCR. β-actin was used as the internal control (*，p<0.05；**，p<0.01；***，p<0.001).          

Figure 5. ORF24 could inhibit the production of ISG15, PKR, and TBP. (A-C) FHM cells were transfected with                 
ORF24, empty vector, and poly(I:C). At 24 h, the cells were harvested. The mRNA of ISG15, PKR, and TBP in FHM                      
cells was measured using qRT-PCR. β-actin was used as the internal control(*，p<0.05；**，p<0.01；***，           
p<0.001).  

a significant reduction in the mRNA levels of ISG15, PKR, 
and TBP in FHM cells (Fig. 5 ). These findings strongly sug
gest that ORF24 possesses the ability to inhibit the expres
sion of antiviral-related genes, potentially promoting the 
replication of CyHV-3. 

DISCUSSION 

In this study, we delved into the attributes, localization, 
and impact on the expression of immune factors of 
CyHV-3-ORF24. Sequence alignment and a phylogenetic 
tree analysis revealed that CyHV-3-ORF24 shared a close 
evolutionary relationship with CyHV-2-ORF24 and stood 
further apart from other homologous proteins. This sug
gests the uniqueness of CyHV-3-ORF24 in the context of 
evolution. Tertiary structure analysis further supported the 

conservation of CyHV-3-ORF24’s spatial structure, empha
sizing its distinct role in the evolutionary process. Simul
taneously, we investigated the influence of ORF24 on the 
mRNA expression of IFN and IFN-stimulated regulated 
genes (ISRE), specifically ISG15, Mx1, and Viperin. The re
sults clearly indicated that the overexpression of ORF24 
significantly diminished the mRNA levels of IFN and ISRE, 
categorizing it as an immune evasion factor employed by 
CyHV-3. This study not only reaffirmed the uniqueness of 
ORF24 in the virus’s evolutionary history but also unveiled 
its immune evasion capabilities. 

Research into CyHV-3 has made significant strides, dri
ven by the urgent need to combat this disease. Currently, 
vaccines such as DNA vaccines,13,14 inactivated vaccine,15,

16 and conventional attenuated vaccine17 represent the 
most effective means of control. Additionally, diagnostic 
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methods for CyHV-3 have evolved, encompassing tech
niques like gold nanoparticle-based hybridization assays,18 

quantitative polymerase chain reaction (qPCR), conven
tional PCR (cPCR), virus isolation by cell culture,19 and in
tra vitam assays.20 The functional roles of ORFs encoded 
by the CyHV-3 genome have also been elucidated. For in
stance, ORF134, one of the most abundant proteins of 
CyHV-3, bears structural similarities to carp IL-10 and pro
motes the proliferation of IgM1 B cells and memory T 
cells.21,22 Furthermore, it can inhibit the expression of 
proinflammatory genes induced by LPS, playing a pivotal 
role in viral immune evasion.23 ORF57 and ORF131 have 
both been identified as potential DNA/subunit vaccine can
didates,13,24 while ORF4 and ORF12 act as novel viral ho
mologs of the TNF receptor, causing embryonic lethality, 
morphological defects, and apoptosis.25 

As the host’s first line of defense, the innate immune 
system responds more rapidly than the adaptive immune 
system. Therefore, we investigated the regulatory mecha
nisms of CyHV-3 ORFs within innate immunity. Previous 
research has demonstrated that ORF89 of CyHV-3 functions 
as a negative regulator of IFN expression by degrading IRF3 
and obstructing its nuclear entry through disrupting IRF3 
dimerization.26 In this study, we explored the impact of 
ORF24 on the expression of IFN and its downstream im
mune genes. The results clearly showed that the overex
pression of ORF24 significantly suppressed the expression 
of IFN and ISRE, although the precise internal mechanisms 
remain unclear. Notably, RIG-I-like receptors (RLRs) play a 
pivotal role in activating IFN expression and are conserved 
in both mammals and fish.27 Additionally, the downstream 
gene, mitochondrial antiviral signaling protein (MAVS), can 
associate with the mediator of IFN regulatory factor 3 
(IRF3) activation, known as MITA.28 This complex trans
duces signals to downstream TANK-binding kinase 1 
(TBK1), initiating the phosphorylation of IRF3 and IRF7, 
ultimately leading to IFN expression.29 This cascade then 
stimulates the expression of IFN-stimulated genes (ISGs). 
Considering that ORF24 can also inhibit IFN expression, 
it raises the question of whether ORF24 might affect IFN 
expression by interacting with these key “IFN regulatory 
genes”. Previous research had shown the ORF89 of CyHV-3 
could interact with the “IFN regulatory genes”–IRF3, and 
further experiments had also proved that the N-terminal of 
ORF89 is its main functional domain. Since CyHV-3 is com
posed of 164 different functional proteins, its specific im
mune escape mechanism is also relatively complex. Mean
while, the completion of its escape system cannot be 
achieved only by the function of a single protein. In this 
study, ORF24 can also effectively inhibit the increase of IFN 
stimulated by poly(I:C), showing a certain immunosuppres
sive effect, but its possible interactions with “IFN regula
tory genes” and the underlying molecular mechanisms are 
unclear and request further exploration (Fig. 6 ). 

Figure 6. A model on the role of ORF24 in the          
regulation of the IFN signaling pathway.       

In summary, we have summarized the characteristics of 
CyHV-3-ORF24 and verified its ability to modulate IFN ex
pression, indicating its essential role as a functional protein 
in virus-host interactions and immune evasion. These find
ings lay the groundwork for developing future anti-CyHV-3 
drugs and disease detection methods. 
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