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Introduction

Antimicrobial peptides (AMPs) are small proteins that play a
vital role in the innate immune system by defending the body
against a wide array of pathogens, including bacteria, viruses,
fungi, and parasites. These peptides are produced by many
organisms, including humans, as part of their natural defence
mechanisms. Due to their ability to kill microorganisms by
disrupting their cell membranes or interfering with critical cellular
processes, AMPs are considered promising candidates for new
therapeutic strategies, especially in the era of rising antimicrobial
resistance. This article explores the biology, mechanism of action,
therapeutic potential, and challenges of antimicrobial peptides in
the fight against infectious diseases [1, 2].

Antimicrobial peptides are short chains of amino acids,
typically ranging from 10 to 50 residues in length, with diverse
structures and functions. They are produced by a variety of
organisms, including bacteria, plants, animals, and humans,
and are often an essential component of the immune response.
In humans, AMPs are present in various tissues and fluids,
such as the skin, respiratory tract, gut, and blood, where they
function as the first line of defence against invading pathogens
[3,4]. These AMPs are positively charged and interact with the
negatively charged membranes of microorganisms. Examples
include defensins, cathelicidins, and histatins. Less common
than cationic peptides, these peptides carry a negative charge
and can also target microbial cells. Some AMPs combine
elements of both cationic and hydrophobic structures, allowing
them to target different types of microorganisms [5].

Antimicrobial peptides kill pathogens through various
mechanisms, often involving the disruption of the microbial
cell membrane. The precise mechanism depends on the
peptide's structure, charge, and the type of pathogen it
targets. The most common mechanism by which AMPs kill
microorganisms is through membrane disruption. Cationic
peptides, due to their positive charge, are attracted to the
negatively charged components of the microbial membrane,
such as phospholipids [6]. The peptide inserts into the
membrane, forming pores or disrupting its integrity, leading
to leakage of cellular contents and eventual cell death. This
process is particularly effective against bacteria, including
antibiotic-resistant strains. Some AMPs can enter microbial cells
and bind to intracellular components, such as DNA, RNA, or
proteins. For example, certain AMPs may interfere with nucleic

acid synthesis or protein function, leading to the inhibition of
essential cellular processes and microbial death [7].

In addition to directly killing pathogens, some antimicrobial
peptides modulate the immune response. They can recruit
immune cells, such as neutrophils and macrophages, to the
site of infection and enhance inflammation, aiding in the
clearance of pathogens. This immunomodulatory activity
adds another layer to their effectiveness in the immune
defence. Many pathogens form biofilms—protective layers of
extracellular matrix that make them resistant to antibiotics and
immune responses. AMPs can disrupt biofilms by targeting
the structural components of the biofilm or by inhibiting the
bacteria's ability to adhere to surfaces, making them more
susceptible to treatment [8].

AMPs exhibit activity against a wide range of pathogens,
including bacteria (both Gram-positive and Gram-negative),
fungi, viruses, and parasites. This broad-spectrum activity
makes them ideal candidates for treating polymicrobial
infections. Since AMPs target fundamental components of
microbial cells, such as the cell membrane or intracellular
processes, they are less likely to induce resistance compared
to traditional antibiotics, which target specific bacterial
processes or structures. AMPs not only directly kill pathogens
but also enhance the host immune response, which could
help to clear infections more effectively, particularly in cases
where the immune system is compromised [9].

Currently, several antimicrobial peptides are in clinical trials
or have been approved for use as topical treatments for skin
infections. For example, nisin, a bacitracin used in food
preservation, is also being studied as a potential antimicrobial
agent in human medicine. LL-37, a human cathelicidin, is
being investigated for its potential to treat chronic wounds
and infections. Looking ahead, the development of peptide-
based therapies could offer a new arsenal of treatments for
antibiotic-resistant infections, chronic diseases, and even viral
infections. Researchers are exploring methods to enhance
the selectivity, stability, and delivery of AMPs, and novel
approaches, such as combining AMPs with nanotechnology,
could further improve their therapeutic potential [10].

Conclusion

Antimicrobial peptides represent a crucial component of
the innate immune system and hold significant promise as
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therapeutic agents in the battle against infectious diseases.
With their broad-spectrum activity, low propensity for
resistance, and potential for immune modulation, AMPs
offer a novel approach to treating infections, especially in the
face of rising antimicrobial resistance. However, challenges
related to toxicity, stability, and production costs must be
addressed before AMPs can become mainstream therapeutics.
As research continues, it is likely that antimicrobial peptides
will play an increasingly important role in the fight against
infections in the coming years.
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