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ABSTRACT 
Antimicrobial peptides (AMPs) are key components of the innate immune 

system, acting as the first line of defense against pathogenic invasion. These 

peptides not only possess direct antimicrobial activity but also function as 

immune modulators that shape both innate and adaptive immune 

responses. Emerging pathogens, including novel viruses and antibiotic-

resistant bacteria, challenge global health security, necessitating a deeper 

understanding of host defense mechanisms. This article explores the role 

of AMPs in pathogen recognition, immune signaling, and inflammation 

regulation. Additionally, the potential for AMPs in therapeutic applications 

is discussed, providing insight into their role in combating antimicrobial 

resistance and novel infectious diseases. 
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1. INTRODUCTION 
The emergence of novel pathogens, including 

zoonotic viruses and multidrug-resistant (MDR) 

bacteria, has highlighted the urgent need for 

effective immune defense strategies. Traditional 

antibiotics are becoming increasingly ineffective 

due to rapid bacterial resistance, while viral 

outbreaks continue to pose global health threats. In 

this context, antimicrobial peptides (AMPs)—a 

diverse group of small cationic peptides—have 

gained attention as key effectors of the innate 

immune system.This review explores the 

mechanisms by which AMPs regulate immune 

responses against novel pathogens, their role in 

modulating inflammation, and their therapeutic 

potential in modern medicine. 

 

2. Structure and Mechanisms of Action of AMPs 

 
Fig.Mechanisms of Action of AMPs 
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AMPs exhibit structural diversity, encompassing α-

helical peptides, β-sheet peptides, and extended 

peptides. Their antimicrobial mechanisms include: 

• Membrane disruption: AMPs such as defensins 

and cathelicidins disrupt bacterial membranes, 

leading to pathogen lysis. 

• Intracellular targeting: Some AMPs inhibit 

microbial DNA, RNA, and protein synthesis. 

• Immune signaling modulation: AMPs interact 

with immune receptors, influencing cytokine 

production and inflammation. 

 
AMP Class Mechanism of Action Pathogens 

Targeted 

Defensins Membrane disruption, 

immune modulation 

Bacteria, 

viruses, fungi 

Cathelicidins LPS neutralization, 
chemotaxis 

Bacteria, 
viruses 

Histatins Antifungal activity, 

wound healing 

Fungi 

 

3. Role of AMPs in Innate and Adaptive 

Immunity 

AMPs play dual roles in immunity: 

• Innate immunity: AMPs directly kill microbes, 

modulate Toll-like receptor (TLR) signaling, and 

enhance phagocytosis. 

• Adaptive immunity: AMPs influence dendritic 

cell maturation, T-cell activation, and antibody 

production. 

 

Sustained AMP activation is crucial for controlling 

infections, but dysregulation can lead to chronic 

inflammation or immune suppression. 

 

4. AMPs and Their Role in Emerging Infectious 

Diseases 

Novel pathogens such as SARS-CoV-2, multidrug-

resistant bacteria, and zoonotic viruses challenge 

immune defenses. AMPs such as LL-37 and 

defensins have demonstrated antiviral and 

antibacterial activity against these pathogens. 

Enhancing AMP responses through synthetic 

peptide analogs or gene therapy may provide novel 

strategies for infection control. 
Pathogen AMP Response Potential Therapeutic 

Application 

SARS-

CoV-2 

LL-37, β-

defensins 

Antiviral peptide therapy 

MRSA HNP-1, LL-37 Peptide-based antibiotics 

Influenza A Cathelicidins Immune-enhancing 

adjuvants 

 

5. Therapeutic Potential and Challenges of AMPs 

AMP-based therapies offer promising avenues for 

treating antibiotic-resistant infections and viral 

diseases. However, challenges such as peptide 

stability, toxicity, and manufacturing costs must be 

addressed. Nanotechnology and synthetic 

modifications can improve AMP efficacy and 

bioavailability. 

 

6. CONCLUSION 
Antimicrobial peptides (AMPs) play a dual role in 

host defense by exhibiting direct antimicrobial 

activity and modulating immune responses against 

novel pathogens. These small, naturally occurring 

peptides disrupt microbial membranes, interfere 

with intracellular targets, and enhance pathogen 

clearance. Beyond their antimicrobial functions, 

AMPs regulate inflammation, recruit immune cells, 

and promote tissue repair, making them crucial 

components of innate immunity. Their broad-

spectrum activity and lower likelihood of resistance 

development make them attractive candidates for 

next-generation therapeutics. However, challenges 

such as stability, delivery, and potential cytotoxicity 

must be addressed to optimize AMP-based drug 

development. Future research should focus on 

engineering AMPs with enhanced efficacy, 

specificity, and biocompatibility for clinical 

applications in infectious disease management and 

immunotherapy. 
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