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Abstract: Bacterial infection has become one of the major problems threatening public health,
and the abuse of antibiotics has accelerated the development of bacterial resistance.
Antimicrobial peptides have attracted extensive attention due to their broad-spectrum
antibacterial activity, rapid bactericidal effect, low toxicity, and low risk of drug resistance.
However, the natural structures of antimicrobial peptides indicate some limitations, such as easy
degradation, instability, low permeability, and high costs, in their application. How to improve
antimicrobial peptides is still a problem to be solved. From the sources and structural
characteristics of antimicrobial peptides, we analyzed the spatial structures related to the
antibacterial activity and corresponding antibacterial mechanisms. In addition, we summarize
the existing improvement strategies of antimicrobial peptides to lay a foundation for seeking
new improvement schemes. This review provides new ideas and directions for the modification
and clinical application of antimicrobial peptides in the future.
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Table 1 Classification of natural antimicrobial peptides from different sources
Class Peptide Source Reference
Bacteriophage AMPs Lysins Bacteriophages [9]
VAPGHs
Depolymerases
Bacterial AMPs Polymyxin Paenibacillus polymyxa [10]
Colicin Escherichia coli [10]
Fungal AMPs Alamethicin Trichoderma viride [11]
Plectasin Pseudoplectania nigrella [11]
Plant derived AMPs Defensins y1-P Triticum turgidum [12]
a-hairpinins Alternanthera sessilis [13]
Animal derived AMPs a-defensins Mammals
B-defensins Mammals [14]
0-defensins Macaca mulatta
Cathelicidins-AMPs
LL-37 Human
Magainins Xenopus laevis [15]
Cecropins Insects
OH-CATH Ophiophagus hannah [16]
BF Bungarus fasciatus [17]
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Table 2 Secondary structure and mechanism of action of antimicrobial peptides

Mechanism of action Secondary structure Peptide Reference
Mechanism of cell wall targeting a- AMPs Plectasin [11]
Cyclic AMPs Gramicidin S [29]
B-sheet AMPs hBD3, HNPI [7]
a-B AMPs Eurocin [30]
a-B AMPs Copsin [31]
Mechanism of membrane targeting
Barrel-stave model a-helical AMPs Alamethicin [32]
B-sheet AMPs Protegrin-1 [33]
Toroidal-pore model a-helical AMPs Melittin [34]
a-helical AMPs Magainin 2 [35]
Carpet model a-helical AMPs Dermaseptin [36]
-sheet AMPs Thanatin [37]
Intracellular targeting mechanism of action Stretched structures Oncl12 [25]
Cyclic AMPs Microcin J25, capistruin [38]
B-sheet AMPs HDS5ox [39]
Dual or multiple mechanisms of action a-p AMPs PMAP23 [3]
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Figure 2 Model of the interaction between antimicrobial peptides and bacterial cell membranes. A:
Barrel-stave model. B: Toroidal-pore model. C: Carpet model.
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Table 3 Antimicrobial peptide drug delivery systems
Drug delivery system Peptide Application Reference
Porous material
Mesoporous silica Bacillocin A Saphylococcus aureus [55]
Mesoporous titanium dioxide Daptomycin S aureus [56]
Surface attachment
Polymeric micelle KYE28 E. coli [57]
Nanofibre &-PL S aureus [58]
Liposome DP7-C Methicillin-resistant Saphylococcus aureus (MRSA)  [59]
Lipid nanoparticles Polymyxin B Pseudomonas aeruginosa [60]
Lipid crystallization LL-37 E. coli [61]
Self-assembly
Self-assembly of peptides WMR PAs P. aeruginosa [62]
Microgel PSI E. coli and S aureus [63]
Covalent conjugate
Inorganic nanoparticles Odorranain-A-OA1 E. coli [64]
Chitosan nanoparticles Dhvar-5 S aureus [65]
Synthetic polymer OM19r-8 E. coli [66]
AMP-antibiotic conjugates Melittin MRSA [67]
Photosensitizing drug APPS E. coli [68]
Targeted delivery
AMPs to target tumor cells [D]-HgLo C26 tumor [69]
Cry3Aa protein crystal Dermaseptin S1 Leishmania spp. [70]
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