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Fish, like all other animals, are exposed to constant contact with microbes, both on their skin and on the surfaces
of their respiratory and digestive systems. Fish have a system of non-specific inmune responses that provides
them with initial protection against infection and allows them to survive under normal conditions despite the

presence of these potential invaders.

antimicrobial peptide fish piscidin Teleost innate immunity

| 1. Introduction

There is growing evidence that the equilibrium of all living things, including those that live in water, depends on a
constant dialog with the microbes that cover their surfaces . The diversity of microorganisms in the oceans is
probably underestimated. If a subset of these bacteria is indeed harmful to marine fishes, it is plausible that
coevolutionary processes drove the evolution of innate antimicrobial defenses in these organisms. Consequently, it
is reasonable to expect a corresponding set of such defenses in fish 2. Fish express all major AMP families,
including defensins, cathelicidins, hepcidins, and histone peptides Bl. Bony fishes are divided into two subclasses:
Holostei and Teleostei, with the latter being the most important and abundant, comprising 96% of all fish species [4l.
Holostei, such as North American bowfins (Amiiformes) and gars (Semionotiformes), are the closest living relatives
of Teleostei. Teleosts inhabit various niches and are at increased risk of being attacked by a variety of potential
pathogens . The main structural difference between Teleostei and other bony fishes is in the jaw bones. Teleostei
have a movable premaxilla and accompanying changes in jaw musculature that allow them to extend their jaws out
of their mouths. This gives them a significant advantage, allowing them to grab their prey and guide it into their
mouth. They also have similar-sized caudal fin lobes and a spine that ends at the caudal peduncle EIZ. Under
normal circumstances, fish can cope with these potential invaders thanks to a system of non-specific immune
responses that provides an initial defense against pathogens. Several pathogens enter fish because their skin,
gills, and intestines are the main body surfaces that come into direct contact with the environment &, However, the
exact methods by which hosts interact with their microbiome and the ways in which the emergence of a species’
microbiome is regulated are still largely unclear 2.

The Teleost skin consists of two main parts: the epidermis and the dermis. The cells on the surface are not
keratinized 29, When the differentiation process of the mucous cells begins in the stratum germinativum, the
nascent cells migrate to the skin surface and secrete their contents 1. Fish do not have lymph nodes or other

lymphatic tissue as found in mammals 2. Most pathogens enter Teleosts through the mucous membranes, which
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are the main point of contact between fish and their immediate environment 3. The cells that produce the alarm
substance and melanophores are located in the dermis or deeper epidermis and do not reach the skin surface.
Injury to the epidermis is the only trigger for the release of the alarm substance stored in the skin cells. Both the

epidermis and dermis are necessary for skin health (4],

Although the skin, gills, and intestinal mucosa are constantly exposed to microorganisms from the environment,
infections or life-threatening lesions do not occur under normal conditions 22!, Antimicrobial peptides (AMPs) are
one type of innate immune protection 87 |n vertebrates, low-molecular-weight antibacterial peptides are
typically found in peripheral blood leukocytes and on mucous membranes 8. Similarly, mucus extracts from the
skin of several fish species, including rainbow trout, have been identified as having antimicrobial peptides against
selected bacteria 18, Host defense peptides have been found to have close genetic, structural, and functional
relatives in non-fish species thanks to advances in genome sequencing research 1929 Recent research has
shown that the peptide piscidin is synthesized in the epithelia of the gills, skin, stomach, and gut of a variety of
Teleost species. Piscidins are present in eosinophil cells in epithelial tissues, suggesting that they play an important

role in innate defense in these tissues 211,

Silphalin and Noga discovered the first piscidin in the hybrid striped bass (Morone saxatilis x Morone chrysops) 22,
Piscidins are a family of cationic AMPs that are produced by fish and have broad-spectrum antimicrobial activity
against bacteria, fungi, and viruses [22. The piscidin family includes the well-studied peptides Epinecidin-1,
Myxinidin, Chrysophin, Diacentracin, Pleurocidins, and Moronecidins, all of which play important roles in innate
immunity in fish [28124] They are relatively short peptides, typically consisting of 22—40 amino acids, and are rich in
arginine and cysteine residues 28, Piscidins are primarily produced by fish leukocytes, including mast cells,
neutrophils, and macrophages, and are stored in granules within these cells 28, They are released in response to
microbial infections or other inflammatory stimuli and act by disrupting the membranes [ Using
immunohistochemistry, researchers identified piscidins in the tissues of fishes of the families Moronidae,

Sciaenidae, Serranidae, Cichlidae, Siganidae, and Belontidae 21,

Because of their broad-spectrum antimicrobial activity and immunomodulatory effects, piscidins could be useful in
treating a variety of infectious and inflammatory diseases. Researchers are also investigating the potential use of
piscidins as a therapeutic agent in humans 28, One of the most remarkable features of piscidins as potential
therapeutic agents is their broad-spectrum antimicrobial activity. Studies have demonstrated the efficacy of
piscidins against a wide range of microorganisms, including bacteria, fungi, and viruses, which makes them
potentially useful for treating a variety of infectious diseases [22l. Another notable feature of piscidins is their ability
to modulate the immune response. Piscidins have been shown to stimulate the production of cytokines and
chemokines, which can help to recruit immune cells to sites of infection or injury. They can also promote wound
healing and have anti-inflammatory effects B9B1. piscidins are relatively small peptides, which makes them easier
to synthesize than larger proteins. This could make them a more cost-effective and accessible therapeutic option
than other antimicrobial agents (22133 Resistance to antibiotics caused by their overuse has been a concern for
some time. Many bacterial infections are becoming more common and widespread, with devastating effects on

human health 41351, Wwith their potent antimicrobial activity and distinct antimicrobial processes, piscidins could be
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a good substitute for current antimicrobials and offer an advantage over conventional antibiotics in the fight against
drug-resistant bacterial diseases 8. Because piscidins are naturally produced by fish, they may be less likely to

cause adverse effects in humans than synthetic antimicrobial agents 7.

| 2. UniProt-Reviewed Piscidins

Piscidins are also called pleurocidins, in reference to one of the first AMP sequences isolated from the mucosal
cells of flounder [28l. To date, piscidins have been characterized in a variety of Teleost species, including cod
(Gadus morhua), red bream (Chrysophrys major), sea bass (Dicentrarchus labrax), grouper (Epinephelus
coioides), rainbow trout (Oncorhynchus mykiss), and striped bass (Morone), to cite a few. UniProt is a database
that contains extensive descriptions of proteins and their role in various biological processes, molecular
interactions, and pathways, as well as links to other useful databases B9, According to UniProt, the pleurocidin
protein family has about 360 entries (accessed on 14 March 2023). However, only 11 of them (Table 1) were
reviewed by UniProt curators (Swiss-Prot). Swiss-Prot, founded in 1986, is included in the reviewed area of the
UniProt Knowledgebase. Swiss-Prot is a high-quality, manually annotated, non-redundant protein sequence
database that brings together experimental results, calculated features, and scientific conclusions. The TrEMBL
part of the UniProtKB database was first made available in 1996 in response to the growing influx of data that was
a direct result of genomic studies. The mature peptides and pro-domains of piscidin peptides from different fish
species show little similarity 9. The sequences of most piscidins’ mature active peptides are often predicted via
homology or alignment with already known mature peptides from other fishes (41, This is an important limitation to

the study of these peptide families.

Table 1. Pleurocidin protein family found in InterPro database (accessed on 14 March 2023), reviewed by UniProt

curators (Swiss-Prot), and length of their active peptides obtained from each entry.

Accession Name Species Length
Q902X8 Pleurocidin-WF4 Pseudopleuronectes americanus (Winter flounder) 25
P81941 Pleurocidin Pseudopleuronectes americanus (Winter flounder) 25
PODUJ5 Pteroicidin-alpha  Pterois volitans (Red lionfish) 21
POCO006 Piscidin-3 Morone chrysops x Morone saxatilis (White bass x Striped bass) 22
Q8UUGO Moronecidin Ms Morone saxatilis (Striped bass) 22
P59906 Dicentracin Dicentrarchus labrax (European seabass) 22
Q8UUG2 Moronecidin Mc Morone chrysops (White bass) 22
Q90VW7 Pleurocidin-WF3 Pseudopleuronectes americanus (Winter flounder) 25
Q90VW7 Chrysophsin-3 Pagrus major (Red seabream) 20
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Accession Name Species Length
P83546 Chrysophsin-3 Pagrus major (Red seabream) 25
P83545 Chrysophsin-1 Pagrus major (Red seabream) 25
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Figure 1. Alignment of the amino acid sequences of the mature active peptides from UniProt-reviewed piscidins
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31. Valero, Y.; Chaves-Pozo, e e e ] Hemiandhe MQlR Gl kgl of fish
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respectively.
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future perspectives. Protein Pept. Lett. 2019, 26, 79-87. ) .
4. Piscidin Gene Arrangement, Proces&n& and Expression
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