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Abstract

The increasing global demand for sustainable protein has intensified aquaculture production, leading to
excessive antibiotic use and a corresponding rise in antimicrobial resistance (AMR). This threatens aquatic
animal health, ecosystem stability, and public health, prompting the Food and Agriculture Organization (FAO)
to implement a five-year plan (2021-2025) to reduce antibiotic use in animal agriculture. Antimicrobial
peptides (AMPs), naturally occurring oligopeptides with broad-spectrum antimicrobial activity and
immunomodulatory properties, have emerged as promising alternatives to conventional antibiotics in
aquaculture. This review highlights the potential of antimicrobial peptides (AMPS) in aquatic animal health
by examining their sources, types, and mechanisms against major pathogens. It evaluates studies on AMP
efficacy, safety, and impacts on non-target organisms. Innovative approaches to enhance AMP stability and
reduce costs for aquaculture use are discussed, along with their role in reducing antibiotic resistance and
environmental impact. Challenges including production costs, inconsistent effectiveness, and regulatory issues
are also addressed. Future research should focus on enhancing AMP specificity, optimizing large-scale
production, and assessing long-term ecological impacts. This review provides valuable insights for

researchers, policymakers, and stakeholders aiming to integrate AMPs into sustainable aquaculture practices.

Keywords: Antimicrobial peptides (AMPs), Aquaculture, Antibiotic resistance (AMR), Disease

management, Immunomodulatory.
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1. Introduction

The rising global population and increasing demand for
nutritious food have positioned aquaculture as a
sustainable solution for protein production. In 2018,
aquaculture reached a record 82.1 million tonnes of fish
across 425 species FAO (2020). However, excessive
antibiotic use has led to drug-resistant pathogens and
(Cabello, 2006;
In response, the FAO

antibiotic  residue  accumulation
Karunasagar et al., 2020).
introduced a five-year plan (2021-2025) to curb antibiotic
use in animal production FAO (2021). Antimicrobial
peptides (AMPs) have emerged as a promising alternative
to antibiotics in aquaculture. These naturally occurring
peptides, typically under 100 amino acids, have broad-
spectrum antimicrobial properties due to their positive
charge and hydrophobic residues (Zhang & Gallo, 2016).
AMPs

phagocytosis, and help break down pathogens, making

enhance immune  responses,  stimulate
them valuable in disease control (Tassanakajon et al.,

2018).
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Despite their potential, AMPs' mechanisms are not fully
understood. Ongoing research aims to optimize their
physicochemical properties for cost-effective and safe

applications (Lazzaro et al., 2020). Future studies should

focus on improving AMP specificity, synergistic
potential, and antimicrobial efficacy to promote
sustainable aquaculture practices while reducing

antibiotic dependency.

2. Classification of Antimicrobial Peptides

As of January 2025, the Antimicrobial Peptide Database
(APD) contains a total of 5,099 peptides, comprising
3,306 natural antimicrobial peptides (AMPs) derived
This 410

bacteriocins/peptide antibiotics from bacteria, 5 from

from six life  kingdoms. includes
archaea, 8 from protists, 29 from fungi, 268 from plants,
and 2,580 from animals. In addition, the database features
1,299 synthetic AMPs and 231 predicted AMPs, all
exhibiting a range of functions and biological activities

(UNMC, 2025).
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Figure 1: Classification of AMPs
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AMPs makes their

classification challenging. They are categorized based on

The wvast diversity of natural

four main criteria: (1) their source, (2) biological activity,

(3) structural characteristics, and (4) amino acid

composition (Figure 1).

2.1 Classification of AMPs based on sources

AMPs originate from mammals, amphibians, insects,
microorganisms, plants, and marine organisms.

2.1.1 Mammalian AMPs

Cathelicidins and defensins, found in humans, cattle, and
other vertebrates, protect against infections. Defensins are
categorized into a-, B-, and 0-defensins based on disulfide
bonds (Reddy et al., 2004). Human host defense peptides
(HDPs) vary by life stage, with LL-37 in newborns and
hBD-2 in the elderly (Gschwandtner et al., 2014). AMPs
in breast milk enhance infant immunity (Field, 2005).
Dairy-derived AMPs like lactoferricin B (LfcinB) may aid
dairy preservation (Sibel Akalin, 2014). HDPs also
regulate immunity, apoptosis, and wound healing (Wang,
2014).

2.1.2 Amphibian AMPs

Frogs are a primary source of AMPs, including magainins
from skin secretions (Conlon & Mechkarska, 2014).
Cancrin, found in Rana cancrivora, expands the diversity
of amphibian AMPs (Lu et al., 2008).

2.1.3 Insect AMPs

Insects synthesize AMPs in fat bodies and blood cells for
2013).

silkworms, bees, and Drosophila, exhibit antimicrobial

survival (Vilcinskas, Cecropins, found in
properties (Dutta et al., 2019). AMP count varies by
species, with Harmonia axyridis and Hermetia illucens
producing up to 50 AMPs, while Acyrthosiphon pisum
lacks them (Shelomi et al., 2020). Jellein, from bee royal
jelly, has antibacterial and antifungal activity (Zahedifard
et al., 2020).

2.1.4 Microbial AMPs

Pandey et al
Bacteria and fungi produce AMPs like nisin and
gramicidin (Lactococcus lactis, Bacillus subtilis, Bacillus
brevis) (Cao et al., 2018). Biological expression methods
in Pichia pastoris, Saccharomyces cerevisiae, and E. coli
are gaining interest, though challenges like toxicity
necessitate fusion tags (Parachin et al., 2012; Yu et al.,
2015).
2.1.5 Plant and Marine AMPs
Plants produce AMPs like thionins and defensins (Tang et
al., 2018). Marine AMPs show promising potential, with
As-CATH4 boosting immunity (Semreen et al., 2018),
Myticusin-beta as an antibiotic alternative (Oh et al.,
2020),
immunity (Huang et al., 2013).

and GE33 (pardaxin) enhancing antitumor

2.2 Classification based on activity

AMPs exhibit diverse bioactivities, categorized into 18
groups according to the ADP3 database. These can be
broadly classified as antibacterial, antifungal, antiviral,
antiparasitic, anti-HIV, and anti-tumor peptides.

2.2.1 Antibacterial peptides

Antibacterial AMPs effectively inhibit various pathogens,
including MRSA, VRE, Acinetobacter baumannii, S.
aureus, E. coli, and Salmonella. Natural and synthetic
AMPs like nisin, cecropins, and defensins target both
Gram-positive and Gram-negative bacteria. Notably,
synthetic peptides P5 and P9, inspired by Aristicluthys
nobilia interferon-1, show strong MRSA inhibition with
low cytotoxicity (Li et al., 2019).

2.2.2 Antifungal peptides (AFPs)

AFPs combat drug-resistant fungal infections, targeting
Candida albicans, Aspergillus, and food-related molds.
Peptides such as brevinin, ranatuerin, and cecropins
exhibit antifungal properties. AurH1, derived from aurein
1.2, effectively treats C. albicans (Madanchi et al., 2020).
Additionally, AFPs from Lactobacillus plantarum reduce

A. flavus spore formation in maize, while radish-derived
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AMPs inhibit yeast species like Zygosaccharomyces bailii
(Shwaiki et al., 2020).

2.2.3 Antiviral peptides (AVPS)

AVPs target viruses by preventing attachment, disrupting
envelopes, or inhibiting replication (Jung et al., 2019).
They offer potential solutions against COVID-19, HIV,
foot-and-mouth disease virus, and avian influenza virus.
Epi-1 peptide effectively inactivates foot-and-mouth
disease virus (Huang et al., 2018), while swine intestinal
AMPs significantly reduce mortality in 1BV-infected
chicken embryos (Sun et al., 2010). Anti-HIV peptides,
LL-37,

dermaseptins, have been widely studied, with enfuvirtide

including defensins, gramicidin D, and
(FuzeonTM) being commercially available as an HIV
treatment (Ashkenazi et al., 2011).

2.2.4 Antiparasitic peptides

Parasitic protozoa spread through various contact routes,
posing health risks (Chalmers et al., 2020). With
increasing drug resistance, new treatments are needed.
AMPs like cathelicidin and temporins-SHd inhibit malaria
and leishmaniasis-causing parasites (Mangoni et al., 2005;
Abbassi et al.,

vaginalis membranes, while Jellein and KDEL show

2013). Epi-1 disrupts Trichomonas

strong anti-Leishmania activity (Neshani et al., 2019; Cao
et al., 2019). Unlike eukaryotic AMPs, cyanobacterial
peptides target specific proteins for parasite selectivity
(Rivas & Rojas, 2019).

Anticancer peptides (ACPs)

ACPs fight cancer by recruiting immune cells, inducing
tumor cell death, inhibiting angiogenesis, and disrupting
gene regulation (Ma et al., 2020). Peptides like tritrpticin,
indolicidin, and puroindoline A show strong anticancer
effects (Arias et al., 2020). Optimizing their efficacy
requires balancing net charge and hydrophobicity.

2.2.5 Other bioactive peptides

anti-diabetic, and
Anti-

Peptides with anti-inflammatory,

spermicidal properties differ from AMPs.
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inflammatory peptides inhibit cytokines and signaling
pathways (Meram & Wu, 2017). Anti-diabetic peptides
modulate GRK 2/3 or activate GLP-1 and glucagon
receptors (Khan et al., 2018). Due to their broader
functions, they are classified as bioactive rather than

antimicrobial peptides.

2.3 Classification of AMPs based on amino acid
composition

2.3.1 Proline-rich peptides (PrAMPS)

Unlike most AMPs, PrAMPs enter bacterial cells via the
SbmA transporter rather than disrupting membranes.
Inside, they inhibit protein synthesis by targeting
ribosomes (Mattiuzzo et al., 2007; Seefeldt et al., 2015).
TurlA, which

translation, and Bac5 and Bac7, which contain repeating

Examples include interferes  with
proline-arginine motifs (Mardirossian et al., 2019).
Though primarily effective against
pPR-AMP1

target

Gram-positive

bacteria, some, like from  Scylla

paramamosain, also Gram-negative bacteria
(Imjongjirak et al., 2017). PrAMPs may also enhance
immune responses (Li W. et al., 2016).

2.3.2 Tryptophan- and arginine-rich peptides
Tryptophan (Trp) and arginine (Arg) enhance peptide
interactions with bacterial membranes. Trp facilitates
membrane penetration, while Arg provides charge and
bonding properties (Walrant et al., 2020). Well-known
AMPs such as indolicidin and tritrpticin, along with Octa
2 (RRWWRWWR), show strong antibacterial effects
(Chan et al., 2006). Short Trp- and Arg-rich peptides
derived from lactoferricin also exhibit potent
antimicrobial activity (Bacalum et al., 2017).

2.3.3 Histidine-rich peptides

Histidine-rich AMPs improve membrane permeability,
leading to bacterial cell death. HV2, designed with specific
histidine patterns, disrupts bacterial membranes and

reduces bacterial motility while also exhibiting anti-
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inflammatory properties (Dong et al., 2019). Modified
versions of Octa 2 and magainin-based peptides, such as
L4H4, further enhance antibacterial activity and cell
penetration (Bacalum et al., 2017; Lointier et al., 2020).
2.3.4 Glycine-rich peptides

Glycine-rich AMPs, such as attacins and diptericins,
commonly occur in nature and play a structural role in
peptide function (Kwon et al., 2008). Some, like those
from salmonid cathelicidins, activate immune responses
instead of directly killing bacteria (D’Este et al., 2016).
GG3, a glycine-rich synthetic peptide, is a promising
candidate for treating Gram-negative infections (Wang et
al., 2015).

2.4 Classification of AMPs based on structure
Antimicrobial peptides are classified into four structural
types: linear a-helical peptides, B-sheet peptides, extended
linear peptides, and those containing both a-helices and f3-
sheets (Lei et al., 2019). Additionally, more complex
structures, such as cyclic peptides, lasso peptides, and
thioether-bridged AMPs, have been identified (Koehbach
& Craik, 2019).

3. Modes of Action of Antimicrobial Peptides

The potential mechanisms of AMPs include membrane-
active and non-membrane-active pathways.

3.1 Membrane-active pathway

Membrane-active AMPs exert their antimicrobial effects
by disrupting the cell membranes of bacteria, fungi, and
other pathogens (Huan et al., 2020). Their cationic nature
facilitates binding to the negatively charged
lipopolysaccharides on microbial membranes through
electrostatic interactions. This interaction enables AMPs
to assume an amphipathic conformation, increasing their
membrane affinity. Classified as permeabilizing
membrane peptides, these AMPs induce pore formation in

the microbial membrane, causing leakage of cellular

Pandey et al

contents and leading to rapid cell death (Sengupta et al.,
2008).

3.2 Non-membrane-active pathway

These mechanisms function by disrupting essential
intracellular processes. They encompass several key
actions: (a) interference with crucial stages of protein
biosynthesis, including transcription and translation
(Mardirossian et al., 2014); (b) suppression of nucleic acid
like DNA

thereby accelerating nucleic acid

synthesis by targeting vital enzymes
topoisomerase |,
degradation (Subbalakshmi and Sitaram, 1998); (c)
significant inhibition of protease enzyme activity in
various bacterial cells (Huan et al., 2020); and (d)
obstruction of cellular division by disrupting the DNA

replication process (Lutkenhaus, 1990).

4. Antibiotic resistance in aquatic ecosystem

Regional aquaculture practices and the types of species
farmed lead to variations in antibiotic levels found in
farmed water. Despite these geographical differences, the
types of antibiotics most frequently detected tend to be
consistent across regions. Tetracyclines, macrolides,
fluoroquinolones, and sulfonamides are commonly found
in aquaculture water. The solubility of the antibiotics
themselves mainly influences the presence of antibiotic
residues in water, how often they are used, and the extent
of their application (Garcia-Galan et al., 2010). The age
and development stage of the farmed organisms also play
a role, with younger animals often requiring more
antibiotics for disease prevention and to promote growth
because they are typically more vulnerable (Hedberg et al.,
2018). The widespread and sometimes inappropriate use
of antibiotics has led to bacterial resistance, increasing the
presence of antibiotic-resistant bacteria (ARB) and
antibiotic resistance genes (ARGs) in various aquatic
environments. This pollution from antibiotics, ARB, and

ARGs has become a major concern.
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Table 1: List of AMPs isolated and identified from fish
S. AMPs Source Expression site Activity References
No.
1. Pleurocidin Pleuronectes Gills, skin, Spleen, Antibacterial, Antifungal, Cole & Diamond,
americanus kidney, Intestine Antiviral Antiparasitic, Antitumor, 1997
Immunomodulation & chemotaxis.
2. Cathelicidin Oncorhynchus Gills, liver, Spleen, Antibacterial against Gram-positive | Uzzell et al., 2003
mykiss ) &Gram-negative bacteria,
Intestine Antifungal, Immunomodulation.
3. B-defensin Danio rerio Skin, mucosal Antibacterial, Antiviral against Bulet et al., 2004
membrane of Gut SGIV, VNVV etc, chemotaxis,
and urinogenital immunomodulation, nuclear &
tract, kidney, spleen, mitochondrial fragmentation in
eyes Trypanosoma cruzi
4. Piscidin Morone Skin, gills, Blood Antibacterial, Antifungal, Antiviral, [Silphaduang et al.,
chrysops Intestine, Kidney, Haemolytic and antitumor 2001
Spleen
5. Hepcidin Channa Liver, spleen, Anti-Gram-positive, Anti-tumor, Shike et al., 2002
maculate ) ] ) Anti- Gram-negative, Antiviral,
Kidney and intestine Immunomodulation, iron regulation
6. Epinecidin Epinephelus Gills, Intestine Anti-Gram-positive, Antifungal, Lauth et al., 2002
coiodes Anti- Gram-negative, Anti-cancer,
Antiviral, Wound healing
7. Hipposin Hippoglossus Skin Anti-Gram-positive and Gram- Birkemo et al.,
hippoglosus negative 2003
8. Histone- Salmo salar Gills, liver, Spleen, Antibacterial against Gram-positive Richards et al.,
derived Intestine &Gram-negative bacteria, 2001
Antifungal, Immunomodulation.
9. Moronecidi Morone sp. Skin, gills, Blood Antibacterial, Antifungal and Causes | Lauth et al., 2002
n Intestine, Kidney, necrosis
Spleen
10. Misgurin Misgurnus sp. Skin Anti-Gram-positive, Antifungal and | Park et al., 1997
Anti-Gram —negative
11. Pardaxin Pardachirus sp. Skin Anti-Gram-positive and Gram- Porcelli et al., 2004
negative, Haemolytic, Anticancer
12. Oncorhynci | Onchorhynchus Skin, Gills Anti-Gram positive and Gram- Fernandes et al.,
nil mykiss negative, Poorly hemolytic. 2004
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The contamination of ARGs and their distribution in
microbial populations across the biosphere is a
consequence of continuous selection driven by heavy
antibiotic use in human activities over recent decades
(Knapp et al.,, 2010). High demand for aquaculture
products results in greater antibiotic use in farmed
products than human applications, exacerbating antibiotic
resistance in pathogens (Tang et al., 2017). Antibiotics
commonly found in aquaculture and aquatic ecosystems
include fluoroquinolones (enrofloxacin, norfloxacin, and
sulfonamides

ofloxacin), (sulfamethoxazole  and

trimethoprim), macrolides (erythromycin) and

tetracyclines etc (Okeke et al., 2022). The spread of ARB
and ARGs in aquaculture environments, as a novel form
of pollution, may pose greater harm than the antibiotics

themselves (Amarasiri et al., 2020).
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Pseudoalteromonas
Photobacterium
Staphylococcus
Salmonella
Flavobacterium
Acinetobacter

Fish Pathogen

Pseudomonas
Enterobacteriaceae
Vibrio

Aeromonas

(=]
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The distribution of antimicrobial resistance among fish
pathogens highlights Vibrio (23%) and Aeromonas (20%)
posing significant risks in

as the most resistant,

aquaculture. Enterobacteriaceae (10%) and biofilm-
forming bacteria like Pseudomonas, Acinetobacter, and
Flavobacterium (5% each) show moderate resistance.
Lower resistance is observed in Salmonella and
Staphylococcus (4%), while emerging resistance is noted
Photobacterium and

in marine bacteria

Pseudoalteromonas (3%). Least prevalent resistant
pathogens (<2%) include Edwardsiella, Arthrobacter,
Streptococcus, and Mycobacterium, which still pose

challenges due to their pathogenicity.

—
=
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o
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Figure 2: Graph representing percentage distribution of antimicrobial resistance levels in fish pathogens
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5. Antimicrobial peptides as alternatives of

antibiotics in aquaculture

Antimicrobial peptides (AMPs) can be derived from a
variety of sources, including mammals, amphibians,
insects, aquatic organisms, plants, and microorganisms
(Naiel et al., 2022). They are increasingly recognized as
viable substitutes for antibiotics in aquaculture, addressing
issues such as antibiotic resistance and environmental
pollution. These peptides play a crucial role in the innate
immune defenses of fish, providing broad-spectrum
antimicrobial action and modulating immune responses
(Naiel et al, 2023). AMPs have demonstrated
effectiveness against bacteria, parasites, and fungi,
suggesting their potential to reduce the reliance on
conventional antibiotics in aquaculture. Furthermore, their
ability to enhance immune responses and improve disease

resistance in aquatic animals underscores their importance

in maintaining aquatic animal health (Shabir et al., 2018).

AMPs comprise a diverse group of molecules that are
integral to the host defense mechanisms of various species.
Fish express several major classes of AMPs, including
defensins, cathelicidins, hepcidins, and piscidins (Naiel et
al., 2023). Piscidins, unique to fish, show significant
homology to linear, amphipathic AMPs found in other
species. Like other vertebrate AMPs, fish AMPs exhibit
broad-spectrum antimicrobial activities and
immunomodulatory functions, though they have evolved
specific differences to address the unique aquatic
environments inhabited by these species (Naiel et al.,
2023). AMPs can neutralize pathogens, migrate to
infection sites, and recruit immune cells to affected tissues.
Their distinct structures present therapeutic options
against infectious diseases in fish, with the added benefit

that bacteria are less likely to develop resistance to them.

AMPs are essential bioactive compounds with well-

documented antibacterial, antifungal, antiviral, and

Pandey et al

antiparasitic properties against a wide range of fish-

associated pathogens. Compared to conventional
antibiotics, AMPs offer several advantages. First, they
help circumvent common antibiotic  resistance
mechanisms (Wang et al., 2015). Second, their synthesis is
relatively straightforward due to their short amino acid
sequences (Hansen et al., 2020). Third, AMPs exhibit
rapid bactericidal activity (Raheem and Straus, 2019).
Additionally, they remain effective against bacterial
strains regardless of resistance phenotypes since they are
not influenced by standard antibiotic resistance
mechanisms (Lee et al., 2020). Lastly, AMPs do not
disrupt gut-associated microbial communities, which is a
common drawback of traditional antibiotics (Kim et al.,
2020). These advantages position AMPs as promising

alternatives to antibiotics in aquaculture.
6. Conclusion

The rising threat of antibiotic resistance and the need for
sustainable aquaculture call for innovative solutions.
Antimicrobial peptides (AMPs) offer a promising
alternative to antibiotics due to their broad-spectrum
activity, ability to enhance immune responses, and
environmentally safe, biodegradable nature. By reducing
antibiotic dependence, AMPs can help mitigate resistance,
improve animal health, and promote responsible
aquaculture practices. To realize their full potential, further
research should focus on enhancing their specificity,
synergistic potential, and antimicrobial efficacy, supported
by greater investment and adoption in comprehensive
health management strategies for a sustainable and

resilient aquaculture industry.
7. Statements and Declarations
Ethical Approval: Not Applicable

Conflict of Interest Declaration: The authors declare that

they have no conflict of interest.



J Fisheries and Zoological Sciences

Funding Statement: Not Applicable
Author Contributions:
7. References:

Abbassi, F., Raja, Z., Oury, B., Gazanion, E., Piesse, C.,
Sereno, D., & Ladram, A. (2013). Antibacterial and
leishmanicidal activities of temporin-SHd, a 17-
residue long membrane-damaging peptide. Biochimie,
95(2), 388-399.
https://doi.org/10.1016/j.biochi.2012.10.015

Action, S. 1. (2020). World fisheries and aquaculture. Food
and  Agriculture 2020, 1-244.

https://doi.org/10.4060/ca9229en.

Organization,

Akalin, (2014).

peptides: Action mechanisms, pharmaceutical uses and

A. S Dairy-derived antimicrobial

production proposals. Trends in Food Science &

Technology, 36(2), 79-95.
https://doi.org/10.1016/j.tifs.2014.01.002
Amarasiri, M., Sano, D., & Suzuki, S. (2020).

Understanding human health risks caused by antibiotic
resistant bacteria (ARB) and antibiotic resistance genes
(ARG) in water environments: Current knowledge and
questions to be answered. Critical Reviews in
Environmental Science and Technology, 50(19), 2016-
2059.

https://doi.org/10.1080/10643389.2019.1692611

Arias, M., Haney, E. F., Hilchie, A. L., Corcoran, J. A,
Hyndman, M. E., Hancock, R. E., & Vogel, H. J.
(2020). Selective anticancer activity of synthetic
peptides derived from the host defence peptide
tritrpticin. Biochimica et Biophysica Acta (BBA)-

1862(8), 183228.

https://doi.org/10.1016/j.bbamem.2020.183228

Biomembranes,

Ashkenazi, A., Wexler-Cohen, Y., & Shai, Y. (2011).

Multifaceted action of Fuzeon as virus—cell membrane

Pandey et al

fusion inhibitor. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 1808(10), 2352-2358.
https://doi.org/10.1016/j.bbamem.2011.06.020

Bacalum, M., Janosi, L., Zorila, F., Tepes, A. M., lonescu,
C., Bogdan, E., ... & Radu, M. (2017). Modulating
short tryptophan-and arginine-rich peptides activity by
substitution with histidine. Biochimica et Biophysica
Acta (BBA)-General Subjects, 1861(7), 1844-1854.
https://doi.org/10.1016/j.bbagen.2017.03.024

Birkemo, G. A., Luders, T., Andersen, @., Nes, I. F., &
Nissen-Meyer, J. (2003). Hipposin, a histone-derived
antimicrobial peptide in Atlantic halibut (Hippoglossus
hippoglossus L.). Biochimica et Biophysica Acta
(BBA)-Proteins and Proteomics, 1646(1-2), 207-215.
https://doi.org/10.1016/S1570-9639(03)00018-9

Bulet, P., Stocklin, R., & Menin, L. (2004). Anti-microbial
peptides: invertebrates to  vertebrates.
Immunological 198(1), 169-184.

https://doi.org/10.1111/j.0105-2896.2004.0124.x

from

reviews,

Cabello, F. C. (2006). Heavy use of prophylactic
antibiotics in aquaculture: a growing problem for
human and animal health and for the environment.

8(7), 1137-1144.

https://doi.org/10.1111/j.1462-2920.2006.01054.x.

Environmental  microbiology,

Cao, J., de la Fuente-Nunez, C., Ou, R. W., Torres, M. D.
T., Pande, S. G., Sinskey, A. J., & Lu, T. K. (2018).
Yeast-based  synthetic  biology platform  for

ACS synthetic

896-902.

antimicrobial peptide production.
biology, 7(3),

https://doi.org/10.1021/acssynbio.7b00396

Chalmers, R. M., Robertson, L. J., Dorny, P., Jordan, S.,
Kérssin, A., Katzer, F., ... & Klotz, C. (2020). Parasite
detection in food: Current status and future needs for
validation. Trends in Food Science & Technology, 99,
337-350. https://doi.org/10.1016/j.tifs.2020.03.011



J Fisheries and Zoological Sciences Pandey et al

Chan, D. I., Prenner, E. J., & Vogel, H. J. (2006). Gram-negative bacteria. International Journal of
Tryptophan-and arginine-rich antimicrobial peptides: Molecular Sciences, 20(16), 3954,
structures and mechanisms of action. Biochimica et https://doi.org/10.3390/ijms20163954
Biophysica Acta (BBA)-Biomembranes, 1758(9),

Dong, Y. H., Wang, L. H., & Zhang, L. H. (2007).

Quorum-quenching microbial infections: mechanisms

1184-1202.

https://doi.org/10.1016/j.bbamem.2006.04.006 o . . .
and implications. Philosophical transactions of the

Cole, A. M., Weis, P., & Diamond, G. (1997). Isolation Royal Society B: biological Sciences, 362(1483),
and characterization of pleurocidin, an antimicrobial 1201-1211. https://doi.org/10.1098/rsth.2007.2045.
peptide in the skin secretions of winter flounder.

Journal of Biological Chemistry, 272(18), 12008-
12013. https://doi.org/10.1074/jbc.272.18.12008

FAO (2021). The FAO action plan on antimicrobial
resistance 2021e2025. 2021. p. led
https://doi.org/10.4060/cb5545en. Rome.

Conlon, J. M., & Mechkarska, M. (2014). Host-defense

) ) ) ) ) ) Fernandes, J. M., Molle, G., Kemp, G. D., & Smith, V. J.
peptides with therapeutic potential from skin secretions

o ) (2004). Isolation and characterisation of oncorhyncin
of frogs from the family pipidae. Pharmaceuticals,

I, a histone H1-derived antimicrobial peptide from
7(1), 58-77. https://doi.org/10.3390/ph7010058

skin secretions of rainbow trout, Oncorhynchus

Datta, A., Kundu, P., & Bhunia, A. (2016). Designing mykiss. Developmental & Comparative Immunology,
potent antimicrobial peptides by disulphide linked 28(2), 127-138.  https://doi.org/10.1016/S0145-
dimerization and N-terminal lipidation to increase 305X(03)00120-4

antimicrobial activity and membrane perturbation: . . .
o ] ] _ o Field, C. J. (2005). The immunological components of
Structural insights into lipopolysaccharide binding. . . .
human milk and their effect on immune development

in infants. The Journal of nutrition, 135(1), 1-4.
https://doi.org/10.1093/jn/135.1.1

Journal of colloid and interface science, 461, 335-345.
https://doi.org/10.1016/j.jcis.2015.09.036

Dept of Pathology, Microbiology & Immunology, ) ) . .
Garcia-Galan, M. J., Villagrasa, M., Diaz-Cruz, M. S., &

Barceld, D. (2010). LC-QgLIT MS analysis of nine

sulfonamides and one of their acetylated metabolites in

University of Nebraska Medical Center, United States
(UNMC). (2025, January). Antimicrobial peptide

database. aps.unmc.edu. https://aps.unmc.edu/ ] . o o
the Llobregat River basin. Quantitative determination

D'Este, F., Benincasa, M., Cannone, G., Furlan, M., and qualitative evaluation by IDA experiments.
Scarsini, M., Volpatti, D., ... & Scocchi, M. (2016). Analytical and bioanalytical chemistry, 397, 1325-
Antimicrobial and host cell-directed activities of 1334. https://doi.org/10.1007/s00216-010-3630-y

Gly/Ser-rich peptides from salmonid cathelicidins.
Fish & Shellfish Immunology, 59, 456-468.
https://doi.org/10.1016/j.fsi.2016.11.004

Gschwandtner, M., Zhong, S., Tschachler, A., Mlitz, V.,

Karner, S., Elbe-Biirger, A., & Mildner, M. (2014).

Fetal human keratinocytes produce large amounts of

Dong, N., Wang, C., Zhang, T., Zhang, L., Xue, C., Feng, antimicrobial peptides: involvement of histone-
X., ... & Shan, A. (2019). Bioactivity and bactericidal methylation processes. Journal of Investigative

mechanism of histidine-rich B-hairpin peptide against

10



J Fisheries and Zoological Sciences

Dermatology, 134(8), 2192-2201.

https://doi.org/10.1038/jid.2014.165

Hansen, I. K., Lévdahl, T., Simonovic, D., Hansen, K. @.,
Andersen, A. J., Devold, H., ... & Haug, T. (2020).
Antimicrobial activity of small synthetic peptides
based on the marine peptide turgencin a: Prediction of
antimicrobial peptide sequences in a natural peptide
and strategy for optimization of potency. International

Sciences, 21(15), 5460.

https://doi.org/10.3390/ijms21155460

Journal of Molecular

Hedberg, N., Stenson, 1., Pettersson, M. N., Warshan, D.,
Nguyen-Kim, H., Tedengren, M., & Kautsky, N.
(2018). Antibiotic use in Vietnamese fish and lobster
sea cage farms; implications for coral reefs and human
health. 495, 366-375.
https://doi.org/10.1016/j.aquaculture.2018.06.005

Aquaculture,

Huang, H. N., Pan, C. Y., & Chen, J. Y. (2018). Grouper

(Epinephelus  coioides)  antimicrobial  peptide
epinecidin-1 exhibits antiviral activity against foot-
and-mouth disease virus in vitro. Peptides, 106, 91-95.

https://doi.org/10.1016/j.peptides.2018.07.003

Huang, H. N., Rajanbabu, V., Pan, C. Y., Chan, Y. L., Wu,
C.J., & Chen, J. Y. (2013). A cancer vaccine based on
the marine antimicrobial peptide pardaxin (GE33) for
control of bladder-associated tumors. Biomaterials,
34(38), 10151-10159.
https://doi.org/10.1016/j.biomaterials.2013.09.041

Imjongjirak, C., Amphaiphan, P., Charoensapsri, W., &
(2017).
antimicrobial evaluation of SpPR-AMP1, a proline-

Amparyup, P. Characterization  and
rich antimicrobial peptide from the mud crab Scylla

paramamosain. Developmental & Comparative

Immunology, 74, 209-216.

https://doi.org/10.1016/j.dci.2017.05.003

Pandey et al

Jung, Y., Kong, B., Moon, S., Yu, S. H., Chung, J., Ban,
C., ... & Kweon, D. H. (2019). Envelope-deforming
antiviral peptide derived from influenza virus M2

Research

507-512.

protein. Biochemical and Biophysical
Communications, 517(3),

https://doi.org/10.1016/j.bbrc.2019.07.088

Karunasagar, I., Karunasagar, I. N. D. R. A. N. I, &
M. G. (2020).
in source attribution of antimicrobial

Bondad-Reantaso, Complexities
involved
resistance genes found in aquaculture products. Asian
Fish Sci, 33(S1), 16-21.

https://doi.org/10.33997/j.afs.2020.33.51.003.

Khan, H., Nabavi, S. M., & Habtemariam, S. (2018). Anti-
diabetic potential of peptides: future prospects as
therapeutic agents. 193, 153-158.
https://doi.org/10.1016/j.1fs.2017.10.025

Life sciences,

Kim, H., Jang, J. H., Kim, S. C., & Cho, J. H. (2020).
Development of a novel hybrid antimicrobial peptide
for targeted Kkilling of Pseudomonas aeruginosa.
European Journal of Medicinal Chemistry, 185,
111814. https://doi.org/10.1016/j.ejmech.2019.111814

Knapp, C. W., Dolfing, J., Ehlert, P. A., & Graham, D. W.
(2010). Evidence of increasing antibiotic resistance
gene abundances in archived soils since 1940.
Environmental science & technology, 44(2), 580-587.
https://doi.org/10.1021/es901221x

Koehbach, J., & Craik, D. J. (2019). The vast structural
diversity of antimicrobial Trends in

517-528.

peptides.
pharmacological 40(7),
https://doi.org/10.1016/j.tips.2019.04.012

sciences,

Kwon, Y. M., Kim, H. J., Kim, Y. I., Kang, Y. J,, Lee, I.
H., Jin, B. R, ... & Seo, S. J. (2008). Comparative
analysis of two attacin genes from Hyphantria cunea.

Comparative Biochemistry and Physiology Part B:

11



J Fisheries and Zoological Sciences

Biochemistry and Molecular Biology, 151(2), 213-
220. https://doi.org/10.1016/j.cbpb.2008.07.002

Lauth, X., Shike, H., Burns, J. C., Westerman, M. E.,

Ostland, V. E., Carlberg, J. M., ... & Bulet, P. (2002).
Discovery and characterization of two isoforms of
moronecidin, a novel antimicrobial peptide from
hybrid striped bass. Journal of Biological Chemistry,
277(7), 5030-5039.
https://doi.org/10.1074/jbc.M109173200

Lazzaro, B. P., Zasloff, M., & Rolff, J. (2020).

Antimicrobial peptides: Application informed by
Science, 368(6490), eaau5480.
https://doi.org/10.1126/science.aau5480

evolution.

Lee, H. R., You, D. G, Kim, H. K., Sohn, J. W., Kim, M.

J., Park,J. K., ... & Yoo, Y. D. (2020). Romo1-derived
antimicrobial peptide is a new antimicrobial agent
against multidrug-resistant bacteria in a murine model
of sepsis. MBio, 11(2), 10-1128.
https://doi.org/10.1128/mbio.03258-19

Lei, J., Sun, L., Huang, S., Zhu, C., Li, P., He, J., ... & He,

Q. (2019). The antimicrobial peptides and their
potential clinical applications. American journal of
translational research, 11(7), 3919. PMID: 31396309

Li XinDan, L. X., Wang WenJun, W. W., Liu Sha, L. S,

Ruan ChangQing, R. C., Yi LanHua, Y. L., Deng LiLi,
D. L., ... & Zeng KaiFang, Z. K. (2019). Effects of the
peptide H-OOWW-NH2 and its derived lipopeptide
C12-O0OWW-NH2 on controlling of citrus postharvest
green mold.
https://doi.org/10.1016/j.postharvbio.2019.110979

Li, L., Sun, J., Xia, S., Tian, X., Cheserek, M. J., & Le, G.

(2016). Mechanism of antifungal activity of
antimicrobial peptide APP, a cell-penetrating peptide
derivative, against Candida albicans: intracellular

DNA binding and cell cycle arrest. Applied

Pandey et al

microbiology and biotechnology, 100, 3245-3253.
https://doi.org/10.1007/s00253-015-7265-y

Lointier, M., Aisenbrey, C., Marquette, A., Tan, J. H.,

Kichler, A., & Bechinger, B. (2020). Membrane pore-
formation correlates with the hydrophilic angle of
histidine-rich amphipathic peptides with multiple
biological activities. Biochimica et Biophysica Acta
(BBA)-Biomembranes, 1862(8), 183212.
https://doi.org/10.1016/j.bbamem.2020.183212

Lu, Y., Ma, Y., Wang, X., Liang, J., Zhang, C., Zhang, K.,

... & Lai, R. (2008). The first antimicrobial peptide
from sea amphibian. Molecular immunology, 45(3),
678-681.

Lutkenhaus, J. (1990). Regulation of cell division in E.

coli. Trends in Genetics, 6, 22-25.

https://doi.org/10.1016/0168-9525(90)90045-8

Ma, R., Wong, S. W., Ge, L., Shaw, C., Siu, S. W., &

Kwok, H. F. (2020). In vitro and MD simulation study

to explore physicochemical parameters for
antibacterial peptide to become potent anticancer
peptide. Molecular Therapy-Oncolytics, 16, 7-19.

https://doi.org/10.1016/j.omt0.2019.12.001

Madanchi, H., Shoushtari, M., Kashani, H. H., & Sardari,

S. (2020). Antimicrobial peptides of the vaginal innate
immunity and their role in the fight against sexually
transmitted diseases. New microbes and new
infections, 34, 100627.

https://doi.org/10.1016/j.nmni.2019.100627

Mangoni, M. L., Saugar, J. M., Dellisanti, M., Barra, D.,

Simmaco, M., & Rivas, L. (2005). Temporins, small
antimicrobial peptides with leishmanicidal activity.
Journal of Biological Chemistry, 280(2), 984-990.
https://doi.org/10.1074/jbc.M410795200

12



J Fisheries and Zoological Sciences

Mardirossian, M., Grzela, R., Giglione, C., Meinnel, T.,
Gennaro, R., Mergaert, P., & Scocchi, M. (2014). The
host antimicrobial peptide Bac71-35 binds to bacterial
ribosomal proteins and inhibits protein synthesis.
Chemistry &  biology, 21(12), 1639-1647.
https://doi.org/10.1016/j.chembiol.2014.10.009

Mardirossian, M., Sola, R., Beckert, B., Collis, D. W., Di
Stasi, A., Armas, F., ... & Scocchi, M. (2019). Proline-
rich peptides with improved antimicrobial activity
against E. coli, K. pneumoniae, and A. baumannii.
ChemMedChem, 14(24), 2025-2033.
https://doi.org/10.1002/cmdc.201900465

Mattiuzzo, M., Bandiera, A., Gennaro, R., Benincasa, M.,
Pacor, S., Antcheva, N., & Scocchi, M. (2007). Role of
the Escherichia coli SbmA in the antimicrobial activity
of proline-rich peptides. Molecular microbiology,
66(1), 151-163.  https://doi.org/10.1111/j.1365-
2958.2007.05903.x

Meram, C., & Wu, J. (2017). Anti-inflammatory effects of
egg yolk livetins (o, B, and y-livetin) fraction and its
enzymatic hydrolysates in lipopolysaccharide-induced
RAW  264.7 Food

International,

Research
449-459,

macrophages.
100,
https://doi.org/10.1016/j.foodres.2017.07.032

Muncaster, S., Kraakman, K., Gibbons, O., Mensink, K.,
Forlenza, M., Jacobson, G., & Bird, S. (2018).
Antimicrobial peptides within the Yellowtail Kingfish
(Seriola Ilalandi).

Developmental & Comparative

Immunology, 80, 67-80.

https://doi.org/10.1016/j.dci.2017.04.014

Naiel, M. A., Alagawany, M., Patra, A. K., EI-Kholy, A.
I, Amer, M. S., & Abd El-Hack, M. E. (2021).
Beneficial impacts and health benefits of macroalgae

phenolic molecules on fish production. Aquaculture,

Pandey et al

534, 736186.
https://doi.org/10.1016/j.aquaculture.2020.736186

Naiel, M. A., Ghazanfar, S., Negm, S. S., Shukry, M., &
Abdel-Latif, H. M. (2023).

antimicrobial peptides (AMPs) as an alternative to

Applications  of

antibiotic use in aguaculture—A mini-review. Annals of
23(3), 691-701.
https://doi.org/10.2478/aoas-2022-0090

Animal Science,

Naylor, R. L., Hardy, R. W., Buschmann, A. H., Bush, S.
R., Cao, L., Klinger, D. H., ... & Troell, M. (2021). A
20-year retrospective review of global aquaculture.
Nature, 591(7851), 551-563.
https://doi.org/10.1038/s41586-021-03308-6.

Neshani, A., Zare, H., Akbari Eidgahi, M. R., Khaledi, A.,
& Ghazvini, K. (2019). Epinecidin-1, a highly potent
marine antimicrobial peptide with anticancer and
immunomodulatory activities. BMC Pharmacology
and Toxicology, 20, 1-11.

https://doi.org/10.1186/s40360-019-0309-7

Oh, R., Lee, M. J,, Kim, Y. O., Nam, B. H., Kong, H. J.,
Kim, J. W., ... & Kim, D. G. (2020). Myticusin-beta,
antimicrobial peptide from the marine bivalve, Mytilus
coruscus. Fish & Shellfish Immunology, 99, 342-352.

Okeke, E. S., Chukwudozie, K. I., Nyaruaba, R., Ita, R. E.,
Oladipo, A., Ejeromedoghene, O., ... & Okoye, C. O.
(2022). Antibiotic resistance in aquaculture and aquatic
organisms: a review of current nanotechnology

applications for sustainable management.

Environmental Science and Pollution Research,
29(46), 69241-69274. https://doi.org/10.1007/s11356-

022-22319-y

Parachin, N. S., Mulder, K. C., Viana, A. A. B,, Dias, S.
C., & Franco, O. L. (2012). Expression systems for

heterologous production of antimicrobial peptides.

13



J Fisheries and Zoological Sciences

Peptides, 38(2), 446-456.
https://doi.org/10.1016/j.peptides.2012.09.020

Park, C. B., Lee, J. H., Park, I. Y., Kim, M. S., & Kim, S.
C. (1997). A novel antimicrobial peptide from the
loach, Misgurnus anguillicaudatus. FEBS letters,
411(2-3), 173-178. https://doi.org/10.1016/S0014-
5793(97)00684-4

Porcelli, F., Buck, B., Lee, D. K., Hallock, K. J,
Ramamoorthy, A., & Veglia, G. (2004). Structure and

orientation of pardaxin determined by NMR
experiments in model membranes. Journal of
Biological Chemistry, 279(44), 45815-45823.

https://doi.org/10.1074/jbc.M405454200

Raheem, N., & Straus, S. K. (2019). Mechanisms of action
for antimicrobial peptides with antibacterial and
antibiofilm functions. Frontiers in microbiology, 10,
2866. https://doi.org/10.3389/fmich.2019.02866

Reddy, K. V. R., Yedery, R. D., & Aranha, C. (2004).

Antimicrobial peptides: premises and promises.
International journal of antimicrobial agents, 24(6),

536-547.

Richards, R. C., O'Neil, D. B., Thibault, P., & Ewart, K.
V. (2001). Histone H1: an antimicrobial protein of
Atlantic salmon (Salmo salar). Biochemical and
biophysical research communications, 284(3), 549-
555. https://doi.org/10.1006/bbrc.2001.5020

Rima, M., Rima, M., Fajloun, Z., Sabatier, J. M.,
Bechinger, B., & Naas, T. (2021). Antimicrobial
antibiotics.
1095.

peptides: alternative to
Antibiotics, 10(9),
https://doi.org/10.3390/antibiotics10091095

A potent

Rivas, L., & Rojas, V. (2019). Cyanobacterial peptides as

a tour de force in the chemical space of antiparasitic

Pandey et al

agents. Archives of biochemistry and biophysics, 664,
24-39. https://doi.org/10.1016/j.abb.2019.01.030

Seefeldt, A. C., Nguyen, F., Antunes, S., Pérébaskine, N.,
Graf, M., Arenz, S., ... & Innis, C. A. (2015). The
proline-rich antimicrobial peptide Oncl12 inhibits
translation by blocking and destabilizing the initiation
complex. Nature structural & molecular biology, 22(6),
470-475. https://doi.org/10.1038/nsmb.3034

Semreen, M. H., EI-Gamal, M. I., Abdin, S., Alkhazraji,
H., Kamal, L., Hammad, S., ... & Kourbaj, L. (2018).
Recent updates of marine antimicrobial peptides. Saudi
pharmaceutical 26(3), 396-409.
https://doi.org/10.1016/j.jsps.2018.01.001

journal,

Sengupta, D., Leontiadou, H., Mark, A. E., & Marrink, S.
J. (2008). Toroidal pores formed by antimicrobial
peptides show significant disorder. Biochimica et
Biophysica Acta (BBA)-Biomembranes, 1778(10),
2308-2317.

Shabir, U., Ali, S., Magray, A. R., Ganai, B. A., Firdous,
P., Hassan, T., & Nazir, R. (2018). Fish antimicrobial
peptides (AMP's) as essential and promising molecular
therapeutic agents: a review. Microbial pathogenesis,
114, 50-56.
https://doi.org/10.1016/j.micpath.2017.11.039

Shelomi, M., Jacobs, C., Vilcinskas, A., & Vogel, H.
(2020). The unique antimicrobial peptide repertoire of
stick insects. Developmental

Immunology, 103,

https://doi.org/10.1016/j.dci.2019.103471

& Comparative
103471.

Shike, H., Lauth, X., Westerman, M. E., Ostland, V. E.,
Carlberg, J. M., Van Olst, J. C., ... & Burns, J. C.
(2002). Bass hepcidin is a novel antimicrobial peptide
induced by bacterial challenge. European Journal of

269(8), 2232-2237.

https://doi.org/10.1046/j.1432-1033.2002.02881.x

Biochemistry,

14



J Fisheries and Zoological Sciences

Shwaiki, L. N., Arendt, E. K., & Lynch, K. M. (2020).
Anti-yeast activity and characterisation of synthetic
radish peptides Rs-AFP1 and Rs-AFP2 against food
spoilage Food Control, 113, 107178.
https://doi.org/10.1016/j.foodcont.2020.107178

yeast.

Silphaduang, U., & Noga, E. J. (2001). Peptide antibiotics
in mast cells of fish. Nature, 414(6861), 268-269.
https://doi.org/10.1038/35104690

Subbalakshmi, Chilukuri, and Narasimhaiah Sitaram.
"Mechanism of antimicrobial action of indolicidin."
FEMS microbiology letters 160.1 (1998): 91-96.
https://doi.org/10.1111/j.1574-6968.1998.th12896.x

Sun, Q., Wang, K., She, R., Ma, W., Peng, F., & Jin, H.
(2010). Swine intestine antimicrobial peptides inhibit
infectious bronchitis virus infectivity in chick embryos.

89(3), 464-469.

https://doi.org/10.3382/ps.2009-00461

Poultry science,

Tang, K. L., Caffrey, N. P., Nébrega, D. B., Cork, S. C.,
Ronksley, P. E., Barkema, H. W., ... & Ghali, W. A.
(2017). Restricting the use of antibiotics in food-
producing animals and its associations with antibiotic
resistance in food-producing animals and human
beings: a systematic review and meta-analysis. The

Health, 1(8), e316-e327.

https://doi.org/10.1016/S2542-5196(17)30141-9

Lancet Planetary

Tang, S. S., Prodhan, Z. H., Biswas, S. K., Le, C. F,, &
Sekaran, S. D. (2018). Antimicrobial peptides from
different plant sources: Isolation, characterisation, and

Phytochemistry, 154, 94-105.

https://doi.org/10.1016/j.phytochem.2018.07.002

purification.

Tassanakajon, A., Rimphanitchayakit, V., Visetnan, S.,
Amparyup, P., Somboonwiwat, K., Charoensapsri, W.,
& Tang, S. (2018). Shrimp humoral responses against

pathogens: antimicrobial peptides and melanization.

Pandey et al

Developmental & Comparative Immunology, 80, 81-
93. https://doi.org/10.1016/j.dci.2017.05.009

Uzzell, T., Stolzenberg, E. D., Shinnar, A. E., & Zasloff,
M. (2003). Hagfish intestinal antimicrobial peptides
are ancient cathelicidins. Peptides, 24(11), 1655-1667.
https://doi.org/10.1016/j.peptides.2003.08.024

Valero, Y., Saraiva-Fraga, M., Costas, B., & Guardiola, F.
A. (2020). Antimicrobial peptides from fish: beyond
the fight against pathogens. Reviews in Aquaculture,
12(1), 224-253. https://doi.org/10.1111/raq.12314

Vilcinskas, A. (2013). Evolutionary plasticity of insect
immunity. Journal of insect physiology, 59(2), 123-
129. https://doi.org/10.1016/j.jinsphys.2012.08.018

Walrant, A., Bauzd, A., Girardet, C., Alves, |. D.,
Lecomte, S., lllien, F., ... & Sagan, S. (2020). lonpair-
favor  cell

m  interactions penetration  of

arginine/tryptophan-rich  cell-penetrating peptides.
Biophysica  Acta  (BBA)-
Biomembranes, 1862(2), 183098.

https://doi.org/10.1016/j.bbamem.2019.183098

Biochimica et

Wang, G. (2014). Human antimicrobial peptides and
proteins. 7(5), 545-594.,

https://doi.org/10.3390/ph7050545

Pharmaceuticals,

Wang, J., Chou, S., Xu, L., Zhu, X., Dong, N., Shan, A.,
& Chen, Z. (2015). High specific selectivity and
membrane-active

mechanism of the synthetic

centrosymmetric a-helical peptides with Gly-Gly

pairs. Scientific 5(1), 15963.

https://doi.org/10.1038/srep15963

reports,

Yu, H., Li, H., Gao, D., Gao, C., & Qi, Q. (2015).
Secretory production of antimicrobial peptides in
Escherichia coli using the catalytic domain of a

cellulase as fusion partner. Journal of biotechnology,

15



J Fisheries and Zoological Sciences Pandey et al

214, 77-82.
https://doi.org/10.1016/j.jbiotec.2015.09.012

Zahedifard, F., Lee, H., No, J. H., Salimi, M., Seyed, N.,
Asoodeh, A., & Rafati, S. (2020). Comparative study
of different forms of Jellein antimicrobial peptide on

Leishmania parasite. Experimental parasitology, 209,
107823.

Zhang, L. J., & Gallo, R. L. (2016). Antimicrobial
peptides.  Current biology, 26(1), R14-R19.
https://doi.org/10.1016/j.immuni.2016.06.021

How to Cite: Pandey, S., Singh, G., Gupta, R.K., Dahiya, T., Khan, M.I.R., Padmanabha, A., Soni,

V., Sharma, S. 2026. Antimicrobial Peptides: Promising Alternatives to Antibiotics in Aquaculture.
Journal of Fisheries and Zoological Sciences, 1(1), 1-16.

16




