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SUMMARY

Molecular mimicry is a survival strategy where pathogens imitate host molecules tomanipulate cellular
processes and evade immune responses.Aquatic viruses like Grouper Iridovirus produce VILPs that mimic
insulin/IGF, bind IGF1 receptors, disrupt signalling, andenhance viral replication.Other viruses, such as White
Spot Syndrome Virus, use DNA mimicry (ICP11) to interfere with histone binding and nucleosome
formation.Walleye dermal sarcoma virus produces RV-cyclin, a structural mimic of cyclin C, altering host
transcription and cell cycle progression.In apoptotic mimicry, viruses expose or acquire phosphatidylserine to
mimic dying cells, enabling entry via phagocytic pathways andsuppressing host immunity.

INTRODUCTION

The ability to disrupt host biochemical pathways is a crucial survival strategy employed by pathogenic species from across
all kingdoms of life. These pathogens target a wide range of molecules involved in important processes, such as the host’s
cell cytoskeleton, signaling and the immune system. Biomolecules, including proteins, lipids and carbohydrates, are secreted
by the pathogen or displayed on its cell surface and play a role in mediating interference. These pathogen biomolecules may
imitate host biomolecules, either in sequence, tertiary structure or both. This phenomenon is termed molecular mimicry and
was originally defined as the sharing of antigenic determinants between a pathogen and its host. (Damian, 1964).There are
two commonly observed consequences of molecular mimicry. One is the manipulation of the host by the pathogen. The other
is when a pathogen induces autoimmunity due to its antigens cross-reacting with host self-antigens. These two consequences
should be considered to exist on a spectrum, rather than independently. (Kaylee D. Rich et al., 2023).

Molecular Mimicry Theory:

The molecular mimicry theory is based on antigenic similarity between host tissue and infectious agents. Antigenic cross-
reactivity occurs between host and bacterial, viral or parasitic antigens. The similarity between host and microbial antigens
may suppress the immune system and protect invading pathogens and other infectious agents from being eliminated by the
immune system. Molecular mimicry in viruses evolves proteins or genetic sequences that are structurally or sequentially
similar to those of their host. Viruses have evolved a variety of viral mimicry strategies to imitate host proteins, enabling
them to manipulate host metabolism, cell cycle, and cellular signalling cascades and evade the host immune response. This
"mistaken identity" allows viruses to evade the immune system or manipulate host cellular processes.In this article, we will
see various mechanisms handled by viruses in fish and shellfish to cause a disease. The two most common families involved
in causing diseases in fish and shellfish by molecular mimicry strategies are Herpesviridae and Iridioviridae. (Cole Maguire
etal., 2024).

Molecular Mimicry Strategies by Iridioviridae Viruses.
Grouper Iridiovirus :(AurelienChuardet al.,2025)

This virus causes grouper iridovirus disease in groupers. GIV is one of the nine VILP carrying Iridoviridae family viruses
with a large genome, ~140k bp in length and contains 120 open reading frames. This virus was isolated from the spleen
tissue of a diseased yellow grouper (Epinephelusawoara). The mechanism evolved here is the Insulin/IGF mimicry
mechanism.GIV is a serious pathogen in mariculture, causing high mortality rates in cultured grouper (Epinephelus spp.).
GIV infection induces cytopathic effects, including cytoplasmic vacuolation, fusion, formation of cell aggregations, and cell
rounding in grouper cell lines. The Insulin/IGF system plays a key role in orchestrating cellular machinery. Insulin primarily
regulates cell metabolism, including glucose, protein, and lipid metabolism. On the other hand, the IGF-1 regulates cell
proliferation, survival and differentiation. While the main functions of fish insulin (regulating metabolism, development and
feeding) and fish IGFs (proliferation, survival, differentiation and growth) are similar to those in mammals, fish show some
important differences. For example, compared to mammals, fish express less IR and more IGF1R. Our initial studies show
that both forms of VILPs (sc and dc) have higher affinity for IGF1R compared to IR. Consequently, they are more potent on
IGF1R. In fish, IGF-1 is also involved in osmoregulation, as higher doses of IGF-1 stabilise plasma osmolality and sodium
levels. Furthermore, from a host-pathogen-interaction perspective, both insulin and specifically IGF-1 play key roles in
regulating both adaptive and innate immune responses in fish.

VILPs are 30%-50% identical to Fish insulin and IGF-1. The GIV genome encodes a single copy of the GIV-VILP gene,
and alignment analysis of GIV-VILP compared to human, zebrafish, and grouper insulins and IGF- 1s revealed that all six
critical cysteine residues, essential for forming the intra- and interchain disulfide bonds required for insulin/ IGF structures,
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are conserved among them. Unlike insulin’s longer C-peptide, GIV-VILP possesses a short seven amino acid C-peptide
similar to IGFs. GIV-VILP exhibits 35% identity to grouper IGF-1 and 38% identity to grouper insulin. The virus (Grouper
Iridovirus — GIV) produces viral insulin/IGF-like peptides (VILPs). These peptides look like host hormones (insulin and IGF-
1). This is a molecular mimicry strategy to control the host system.

VILPs bind mainly to the IGF-1 receptor (IGF1R) on host cells. They compete with the natural IGF-1 hormone for binding.
This allows the virus to interfere with normal cell signalling. These viral peptides are produced early during infection and
secreted outside infected cells.This helps the virus influence nearby cells quickly.VILPs reduce IGF-1 signalling, leading to
reduced cell division and altered cell cycle pathways. So, the virus slows down host cell growth. IGF-1 actually reduces viral
replication (bad for the virus). VILPs block IGF-1 effects, so the viral replication increases. Hence, VILPs act as virulence
factors. VILPS activate PI3K/Akt pathway (helps metabolism — good for virus). Avoid strong IGF-1 proliferation signalling.

Lymphocystis Virus:(AurelienChuard et al.,2025)

It causes cauliflower-like modules in fish. LCDV1-scVILP, identified as the first specific peptide inhibitors of IGF1R
signalling, exhibit similar effects. Interestingly, another study showed that LCDV1-scVILP, another inhibitor of the IGF1R,
also functioned as an inhibitor of ferroptosis, resulting in the prevention of cell death, which could be leveraged by LCDV-1
to increase its replication. IGF1R inhibition increases viral replication, and this may be a common virulence mechanism for
some VILP-carrying viruses. This indicates that IGF1R inhibition increases viral replication, and this may be a common
virulence mechanism for some VILP-carrying viruses.

White Spot Syndrome Virus: (Hao-Ching Wang et al., 2008)

The white spot syndrome virus (WSSV) is an enveloped DNA virus that infects crustaceans and threatens shrimp
aquaculture. The white spot disease caused by WSSV can result in 100% cumulative mortality in farmed shrimps in 2-10
days. Based on studies of individual genes and analysis of the complete genome sequence, the ellipsoid-shaped WSSV has
been erected as the type species of a new genus (Whispovirus) of a new virus family Nimaviridae. ICP11 acts as a DNA
mimic. In crystal, ICP11 formed a polymer of dimers with 2 rows of negatively charged spots that approximated the duplex
arrangement of the phosphate groups in DNA. Functionally, ICP11 prevented DNA from binding to histone proteins H2A,
H2B, H3, and H2A.x, and in hemocytes from WSSV-infected shrimp, ICP11 colocalised with histone H3 and activated
H2A.x. ICP11 might interfere with nucleosome assembly and prevent H2A.x from fulfilling its critical function of repairing
DNA double-strand breaks. Therefore, ICP11 possesses a functionality that is unique among the handful of presently known
DNA mimic proteins.

In the absence of ICP11, histone H2A formed a histone-DNA complex. and the bound DNA could not be displaced
by the subsequent addition of ICP11. ICP11 will only target unbound histone H2A, but will not bind with histone that is
already in a histone-DNA complex, consistent with the hypothesis that ICP11 targets the DNA binding site of the histone.
ICP11 binds to at least 3 of the core histone proteins (H2A, H2B, and H3), and it also prevents plasmid DNA from forming
a complex with these same histones. Therefore, it seems likely that at least part of the function of this DNA mimic protein is
to disrupt the assembly of the host cell nucleosome. In hemocytes of WSSV-infected shrimp, ICP11 and histone H3 were
colocalised in both the nucleus and the cytoplasm. In most infected cells, histone H3 was mainly located outside the nucleus,
suggesting that the histone H3 failed to translocate into the nucleus to participate in nucleosome assembly. Cell death is only
an incidental consequence of ICP11 being expressed in the cell. Viral protein 9 (also named infected cell protein 11 [ICP11].

Walleye Derma Sarcoma Virus: (Connie D. Brewster et al., 2010)

Walleye dermal sarcoma virus encodes a retroviral cyclin (rv-cyclin) with a cyclin box fold and transcription activation
domain (AD). Co-immune precipitation (co-1P) identified an association of RV-cyclin with cyclin-dependent kinase 8 (cdk8).
Cdk8 is dependent upon cyclin C and regulates transcription with the Mediator complex, a co-activator of transcription.
Mutation of cyclin residues, required for cdk binding, disrupts rvcyclin— cdk8 co-IP. Mutation or removal of the AD does
notaffect the cdk8 interaction. Direct RV-cyclin—cdk8 binding is demonstrated by pulldown of active cdk8 and by GST-rv-
cyclin binding to recombinant cdk8. Cdk3 is also activated by cyclin C and phosphorylates retinoblastoma protein to initiate
entry into the cell division cycle. Co-IP and pulldowns demonstrate direct RV-cyclin binding to cdk3 as well. The RV-cyclin
functions as a structural ortholog of cyclin C in spite of its limited amino acid sequence identity with C cyclins or with any
known cyclins.

CONCLUSION:

By imitating host molecules at structural and functional levels, viruses such as Grouper Iridovirus, Lymphocystis
virus, White Spot Syndrome Virus, and Walleye Dermal Sarcoma Virus are able to interfere with critical pathways, including
metabolism, immune signalling, DNA repair, and cell cycle regulation. Mechanisms such as insulin/IGF mimicry, DNA
mimicry, and cyclin mimicry demonstrate how viruses can precisely target host cellular machinery despite limited sequence
similarity, highlighting the importance of structural conservation over sequence identity.In addition to molecular mimicry,
viral apoptotic mimicry further enhances infection efficiency by allowing viruses to disguise themselves as apoptotic cells.
Through the exposure or acquisition of phosphatidylserine, viruses exploit host clearance pathways, enabling silent entry via
endocytosis while simultaneously suppressing immune responses. Both classic and non-classic apoptotic mimicry underline
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the ability of viruses to hijack fundamental host processes such as phagocytosis and immune regulation.Overall, these
strategies illustrate the dynamic and complex nature of host—pathogen interactions in aquatic organisms. Understanding these
mechanisms not only provides deeper insight into viral pathogenesis but also opens new avenues for the development of
targeted antiviral therapies, improved disease management strategies in aquaculture, and innovative approaches to control
viral outbreaks.
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