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Vyas et al.: Review on Antimicrobial Peptides as Antibiofilm Agent

Bacterial infections are the most important cause of severe diseases. Antibiotics are the only major 
option to cure these infections. Most of the bacteria (approximately 90 %) have an extracellular 
polymeric substance layer forming a biofilm that allows them to resist the antimicrobial agents. It 
enables them to develop resistance against multiple drugs. As it is a tedious task to develop novel 
antimicrobial agents, there is a serious need to adopt alternative strategies. To counter the multidrug 
resistance in the bacteria, antimicrobial peptides have been developed and used. Antimicrobial peptides 
are potent antibiofilm agents possessing a promising broad spectrum of activity for the treatment of 
a variety of infections caused by bacteria, viruses and fungi. However, some of these peptides have a 
very short half-life in different species of microorganisms. Some antimicrobial peptides even produce 
toxic effects. Hence, there is a need to continuously develop safe and effective peptide analogues to be 
used as potential antibiofilm agents. The present review highlights the mechanism of the development 
of resistance towards antimicrobial agents and the role of antimicrobial peptides as antibiofilm agents 
in combating this resistance with a critical analysis of their benefits and limitations. In addition, an 
attempt has been made to review the latest developments on antimicrobial peptides along with their 
applications and patents published/granted thereon.
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Bacterial infections are the most important cause 
of severe diseases, whereas antibiotics are the 
only major option to cure these diseases. Bacteria 
are of 2 types gram positive and gram negative, 
both are having the ability to grow rapidly, spread 
and cause infection. Due to variations in growth, 
they are most susceptible to resisting the drug by 
different patterns. The Surveillance and Control of 
Pathogens of Epidemiologic Importance (SCOPE) 
project has noticed that among all, gram-positive 
bacteria have caused infection for 62 % and gram-
negative are responsible for 22 % of infections in 
which abnormal cells divide without control and 
can damage nearby tissues also. The well-known 
bacterial example of a severe disease-causing gram-
positive is Staphylococcus aureus and the gram-
negative is Pseudomonas aeruginosa. These are 
having the inherent ability to resist the drug in new 
ways and pass along to genetic materials that allow 
other bacteria to resist the drug. Pneumonia, Urinary 
Tract Infection (UTI), gonorrhoea, abscesses (a 
painful collection of pus), bloodstream infections, 

etc., are infections that require the inclusion of 
antibiotics to cure. These bacteria are imputable to 
matrix-enclosed layers of extracellular polymeric 
substances known as biofilm[1]. Biofilm formation 
improves the defense ability of the bacteria and 
improves drug tolerance which introduces a big 
challenge to the use of antibiotics[2]. Biofilms are 
responsible for biofouling, notably, it is being used 
to survive in harsh conditions by bacteria[3].
As antibiotics have similar spectrum activity 
they indicated the urgent need for novel target 
technologies and emerging therapeutic strategies 
including vaccines and target therapy for virulence 
factors[4]. Intriguingly Antimicrobial Peptide (AMP) 
caught the attention to be a potential candidate for 
novel drug therapy[5]. AMPs are attractive candidates 
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to counter the effect of biofilm and can act as a 
potent antibiofilm agent, many of these have a 
broad spectrum antimicrobial activity as well as 
antifungal and also acts against virus[6]. AMPs also 
have a structural advantage as they are ubiquitous 
in nature. They are found in various plants, animals, 
viruses and bacteria as well as all mammalian 
species[7]. These amino acid reach molecules act 
as the first line of defense system against all types 
of pathogens separate or synergistically with the 
natural immune system to prevent the growth of 
infectious pathogens[8]. Their antimicrobial activity 
is better than traditional antibiotics as they can act 
by different mechanisms and thus can be used against 
microorganisms like bacteria, viruses, fungi, archaea 
and parasites[8]. 
MULTIDRUG RESISTANCE
Resistance has burdened the health sector as it causes 
the challenge to control the infection. Resistance 
is the ability of the microorganism which does not 
allow its population to react to an antimicrobial 
agent then it is said to be resistant[9]. Incessant and 
improper use of these antibiotics, and simultaneously 
with ineffective performance bacteria pathogens 
profoundly developed resistance[10]. Various 
mechanisms account for the emergence of resistance 
to the drug. Some of them are discussed below. First, 
they accumulate multiple genes coding for resistance 
entrapped in a single cell, this accumulation occurs 
usually on plasmids (resistance plasmids) or 
transposons whereas, for a specific agent, there is 
a separate coding. They can deplete the efficacy of 
many types of drugs. Second multidrug resistance 
occurs when genes code for drug efflux pumps are 
expressed more frequently, which leads to decreasing 
the concentration of active drugs in the body[11]. The 
pervasive nature of 6 bacterial species known as 
ESKAPE which are named Enterococcus faecium, 
Staphylococcus aureus, Klebsiella pneumoniae, 
Acinetobacter baumannii, Pseudomonas aeruginosa 
and Enterobacter species peculiar in multidrug 
resistance and they can pass this genetic information 
to the next generation of microorganisms so that 
they are prone to develop resistance against a wider 
variety of drugs[12].
BIOFILM

Biofilm is a conglomerate of Extracellular Polymeric 
Substances (EPS) consisting of polysaccharides, 
proteins and other biomolecules where microbial 
communities are enclosed in a three-dimensional (3D)

extracellular matrix[13]. The biofilm life cycle depends 
upon the planktonic bacteria, which primarily attach 
to the surface leading to the production of EPS for 
the contingency of the biofilm layer and when the 
mature biofilm formation occurs it relocates to a new 
location spreading infection[14]. Biofilm disseminates 
antibiotic resistance in an enhanced way to make 
the bacterial population mutinous to host immune 
responses leading to continuous and tenacious spread 
within the host causing infections. More than 80 % 
of serious chronic infections are generally caused by 
the occurrence of biofilm on bacteria surface which 
results in morbidity as well as increased mortality 
rate[15]. Potential characteristics of biofilms are they 
have novel and unique structures which are not 
identical and the pattern of their occurrence is not 
even predictable. Biofilms have emergent properties 
like spatial organization, host surface adhesion and 
cohesion and most important chemical heterogeneity 
leading to improved tolerance of antimicrobial 
agents[16]. The first appearance of biofilms was in an 
aquatic environment, but now they have been found 
in they have perceived occurring in a wide range of 
disease states from UTI to respiratory tract infection, 
etc.[17]. If bacteria were able to develop a biofilm 
layer within a host, it will become very difficult to 
control the severity as bacteria will further flourish to 
cause a chronic infection due to biofilm[18].
AMPs:

Peptides are short protein chains of amino acid 
residue. They possess various properties and can 
be an important asset in the treatment of multidrug 
resistance cases. AMPs are small proteins that 
typically include up to 50 amino acid residues with 
a disulfide bridge present between them. Depending 
on their structure, size and orientation, they can be 
classified as cationic peptides and they have cationic 
charge ranging from +2 to +9 and have amphiphilic 
nature having a molecular weight of less than 10 
kDa[19], which are the biggest, noncationic peptides, 
heterocyclic peptides, or proteins that bind oxygen. 
Specifically, natural peptides contain a long chain 
of amino acids[20]. Natural peptides show a wide 
spectrum of therapeutic activity acting as antifungal, 
antiviral, antibacterial, etc. Arising an emergency in 
bacterial conditions like multidrug resistance is very 
critical and life-threatening condition for the patient. 
Natural peptides found to be the potential to counter 
this and a new major challenge biofilm showing 
promising results than conventional antibiotics and 
its derivatives gave assurance to overcome multi 



www.ijpsonline.com

Indian Journal of Pharmaceutical Sciences 1556September-October 2024

resistant threats[20]. Sources of natural peptides are 
plants, animals, marine products and mammals 
also. The main motive for studying peptides is 
to treat bacterial infection and avoid challenges 
regarding antimicrobial resistance. The efficacy of 
natural AMPs is mainly based on cationic charge 
and amphipathic folds attached to the negatively 

charged membrane of microorganisms which causes 
disruption of cell[21]. 
Fig. 1 has demonstrated the natural and synthetic 
AMPs along with their different sources. Data 
obtained from antimicrobial peptide database. Fig. 2 
shows the classification of AMPs and their different 
types of structure.

Fig. 2: Classification of antimicrobial peptides

Fig. 1: Sources of antimicrobial peptides 3425 from six life kingdoms and synthetic peptides
Note: ( ): Synthetic peptides (145); ( ): Bacteria (385); ( ): Plants (368); ( ): Animals (2489); ( ): Fungi (25); ( ): Protists (8) and 
( ): Archaea (5)
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Antibiofilm peptides:

Antibiofilm peptides have an amphipathic domain. 
Most of the AMPs are comprised of cationic 
and positive net charge allowing them to act as 
bactericidal activity[23]. Among all α-helical endowed 
peptides studied most by researchers. AMPs can act 
by both membranolytic and non-membranolytic 
activities including intracellular activity targeting 
Deoxyribonucleic Acid (DNA), Ribonucleic Acid 
(RNA) and proteins[24,25]. 
Table 1 show the natural AMPs available and from 
which sources we can obtain them along with their 
AMP database ID as each peptide is of unique 
sequence, they are assigned with unique ID.

Synthesis method for synthetic peptides:

Synthetic peptides and semi-synthetic peptides are 
of utmost interest as natural peptides have stability 
and purification challenges. Researchers observed 
that only peptides can be synthesized with a long 
chain of 50 amino acids. Solid-Phase Peptide 
Synthesis (SPPS) is a widely utilized method. For 
SPPS resins, linkers coupling agents and protecting 
groups are required. Resins impart physical, 
mechanical as well as chemical stability in the 
process. 9-fluorenylmethyloxycarbonyl is protecting 
group necessary to shield the functions of amino 
acids. A bifunctional moiety is utilized for creating 
a cleavable connection between peptide and resin 
backbone[22].

TABLE 1: ANTIBIOFILM PEPTIDES AND THEIR SOURCE

Name AMP database ID Source

Temporin B AP00095 European common frog (Rana temporaria)

Indolicidin AP00150 Bovine neutrophils; cattle (Bos taurus)

SMAP28 AP00155 Sheep leukocytes; sheep (Ovis aries)

SMAP29 (cathelicidin)

Pleurocidin AP00166 Skin mucous secretions; winter flounder (Pleuronectes americanus)

Protegrin 1 AP00195 Leukocytes, porcine neutrophil; pig (Sus scrof)

Nisin A AP00205 Streptococcus lactis, reclassified as Lactococcus lactis

Tachyplesin III AP00213 Tachypleus gigas

Human β defensin 3 AP00283 Skin, tonsils, oral/saliva, colonic mucosa, Homo sapiens

Cathelicidn LL37 AP00310
Neutrophils, monocytes, mast cells, lymphocytes, mesenchymal stem 

cells, islets, skin, sweat, airway surface liquid, saliva, colonic mucosa; 
Homo sapiens and also Pan troglodytes

Citropin 1.1 AP00351 Skin secretion; Australian blue mountains tree frog (Litoria citropa)

BMAP 27 AP00366 Cattle (Bos taurus)

BMAP 28 AP00367 Cattle (Bos taurus)

Agelaia-MP AP00522 Social wasp (Agelaia pallipes)

Human β defensin 2 AP00524 Skin, lung, trachea epithelia, and uterus, saliva; (Homo sapiens)

Chicken cathelicidn 2 AP00548 Chicken (Gallus gallus)

Temporin 1CEb AP00605 Rana chensinensis

Temporin 10La AP00871 Florida bog frog (Rana okaloosae)

Cathelicidn AP00897 Chinese cobra (Naja atra)

Temporin PTa AP01434 Hylarana picturata

Myxinidin AP01578 Epidermal mucus; (Myxine glutinosa)

Phylloseptin 1 AP01581 Waxy monkey frog (Phyllomedusa sauvagei)

Polybia-MP-II AP01640 Venom; social wasp, Polybia paulista, Pseudopolybia vespiceps testacea

Coprisin AP01976 Dung beetle (Copris tripartitus)

Datucin AP02065 Datura stramonium

CCL20 AP02075 Skin; (Homo sapiens)

UyCT3 AP02126 Venom; Urodacus yaschenkoi, Opisthacanthus cayaporum
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Colistin A AP02204 Bacillus polymyxa (Paenibacillus polymyxa)

TsAP-2 AP02235 Venom; the Brazilian yellow scorpion (Tityus serrulatus), Turrilites 
costatus, Tityus obscurus,

Gramicidin S AP02243 Bacillus brevis

Enterocin O16 AP02520 Enterococcus faecalis

Hc CATH AP02569 Venom gland, spleen and lung; annulated sea snake (Hydrophis 
cyanocinctus)

GL13K AP02570 A synthetic peptide derived from human parotid secretory protein

Holothuroidi n1 AP02622 Sea-cucumber (Holothuria tubulosa)

Holothuroidi n2 AP02623 Sea-cucumber (Holothuria tubulosa)

Paracentrin 1 AP02624 Coelomocyte cytosol; the sea urchin (Paracentrotus lividus)

ToAP1 AP02758 Tityus obscurus

ToAP2 AP02759 Tityus obscurus

Con10 AP02761 Opisthacanthus cayaporum

Horine AP02856 Artificial, designed based on temporin-SHf

H4 AP02864 Artificial, combined BMAP-27 and OP-145

Phylloseptin-co AP02867 Phyllomedusa coelestis

Esculentin 1A (1-21) AP02872 Natural fragment

SAAP-148 AP02875 Artificial, designed based on LL-37

Dhvar 4 AP02876 Artificial

AMP17 AP02894 Housefly (Musca domestica)

Dermaseptin-PH AP02924 Orange-legged leaf frog  (Pithecopus (Phyllomedusa) hypochondrialis)

Hyicin 4244 AP02925 Staphylococcus hyicus 4244

Polymyxin B AP02928 Bacillus aerosporus Greer.

CATHPb1 AP02964 Burmese python (Python bivittatus)

Temporin-GHc AP02969 Skin (Hylarana guentheri)

Temporin-GHd AP02970 Skin (Hylarana guentheri)

Moronecidin AP03001 Tiger tail seahorse (Hippocampus comes)

Mastoparan-C AP03041 Venom; European hornet (Vespa crabro)

Nigrosin HLM AP03048 Motif-targeted peptide design

VLL-28 AP03049 Sulfolobus islandicus

Phylloseptin-PHa AP03057 Skin secretions; orange-legged leaf frog (Pithecopus hypochondrialis) 

Japonisin 2LF AP03059 Skin secretion; Fujian large-headed frog, Limnonectes fujianensis

ZmD32 AP03072 Corn, Zea mays

SA-CATH AP03077 Snake (Sinonatrix annularis)

Cm-CATH2 AP03079 Lung; green sea turtle (Chelonia mydas)

Hs02 AP03104 Predicted intragenic antimicrobial peptide; (Homo sapiens)

Dermaseptin-PT9 AP03133 Skin secretion (Phyllomedusa tarsius)

Brevinin-1GHa AP03178 Skin; Guenther's frog (Sylvirana guentheri), Hylarana guentheri (old)

Dermaseptin AC4 AP03185 Skin secretion; the red-eyed tree frog (Agalychnis callidryas)

EF-1 α AP03192 Manila clam (Ruditapes philippinarum)

Kassiniatuerin-3 AP03219 Kassina senegalensis

Verine AP03236 Database filtering+structure-based refinement

Phylloseptin-PTa AP03239 Skin secretions; the brown-bellied leaf frog (Phyllomedusa tarsius)

Brevinin-1H AP03240 Skin secretions; Hainan cascade-frog (Amolops hainanensis)
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Mechanism of action of peptides as antibiofilm:

According to the studies done by by Raheem et al.[33], 
AMPs can perform various activities and one of the 
important effects of antibiofilm using one or more 
Mechanism of Action (MOAs). However, the specific 
mechanism and function usually depend upon the 
sequence of peptides. The first mechanism to exhibit 
antibiofilm property is membrane disruption where 
multiple functions are involved, the destruction of 
membrane potential and membrane permeabilization 
as the peptide will able to penetrate the biofilm layer. 
Second is cell signalling where two mostly observed 
and followed mechanisms quorum sensing and 
twitching motility is observed. In quorum sensing, 
AMPs are supposed to prevent the spread of infectious 
planktonic bacteria by regulating gene expression 
and controlling the population. EPS degradation is 
another approach followed by antibiofilm agents. 
Stringent response inhibition includes processes like 
amino acid starvation and iron starvation and other 
targets like the downregulation of genes forming 
biofilms was also shown by AMPs[33].
Application of AMPs:

Antibacterial activity: A significant number 
of peptides possess broad-spectrum inhibitory 
antibacterial properties against vancomycin-
resistant enterococci, Methicillin-Resistant 
Staphylococcus aureus (MRSA) and Listeria 
monocytogenes. As postulated by Li et al.[34], 
peptide 5 YIRKIRRFFKKLKKILKK-NH2 exhibited 
broad spectrum activity at Minimal Inhibitory 
Concentration (MIC) 8-16 µg/ml and peptide 9 
SYERKINRHFKTLKKNLKKK-NH2 at MIC 16-32 
µg/ml against antibiotic-resistant strains of S. aureus 
with low cytotoxicity. Fig. 3 shows how the biofilm 
produced by the bacteria resist to the antibiotics. 

Antibiotics vs. antibiofilm:

As discussed above antibiotic resistance is arising as 
a global crisis, Hancock et al.[26], postulated that in 
USA resistant bacteria infects near about 2 million 
people per year with which mortality number is 23 
000 including sepsis for which the main treatment 
is antibiotics, only the death rate rises to 210 000 
and if we talk about worldwide it is 5 million. 
Despite this contumacious behavior of biofilm and 
reoccurring infections, we were able to produce only 
a few antibiotics which can overcome this threat, 
although oritavancin a semisynthetic derivative of 
glycopeptide antibiotic chloroeremomycin is mostly 
active against gram-positive bacteria and not against 
gram-negative pathogens. Only fluoroquinolones 
which are approved more than 50 y ago, no new 
type of drug has been approved for gram-negative 
organisms[27]. Biofilms has a key role in severe 
infections because they can appear on any given body 
and can also cover implanted device. If bacteria have 
biofilm covering, it becomes 10 to 1000 times more 
resistant to conventional antibiotics treatment because 
biofilm impedes penetration better than planktonic 
counterparts which are studied clinically[28-31]. 
Unfortunately, none of the antibiotics that are now 
being prescribed by doctors have been specifically 
targeted to inhibit biofilms, as their development 
was focused on taking advantage of their capacity to 
kill planktonic bacteria. Even nowadays, antibiotic 
developers hardly ever use animal models for biofilm 
infection or evaluate the susceptibility of resistant 
biofilm occurrence[26,32]. Many theories have been 
given for antibiotic resistance developed by biofilms, 
but resistance due to biofilm is modulated through 
a plethora of molecular mechanisms and it has 
adaptive and it leads to the acquisition of inheritable 
resistance[29].

Temporin-PF AP03258 Skin secretions; (Pelophylax fukienensis)

t-DPH1 AP03307 Skin secretion; the Northern orange-legged leaf frog, tiger-legged monkey 
frog (Phyllomedusa hypochondrialis)

Astucin AP03343 Aspergillus tubingensis A01, isolated from soil

Kassporin-KS1 AP03345 Skin secretions; the African hyperoliid frog (Hyperolius argus)

Phibilin AP03424 Philomycus bilineatus

Nigrocin-PN AP03425 Pelophylax nigromaculatus

Temporin-1CEh AP03428 Skin Secretion; Chinese forest frog also known as Chinese brown frog 
(Rana chensinensis)

Brevinin-GR2 AP03443 Hylarana guentheri

PN5 AP03449 Pine needles (Pinus roxburghii)
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dendritic cells) to kill tumor cells ultimately as 
immunomodulatory. Inducing cell death or apoptosis 
of cancer cells and interfering with gene transcription 
and translation of tumor cells by limiting protein 
functions. As reported by Arias et al.[38], in vitro study 
of tripticin against Jurkat T cell successfully showed 
toxicity with 18.3 μM, whereas indolicidin and 
puroindoline A can also be candidates for anticancer 
activity.
Commercial AMP’s:

A number of peptides have got approval from the 
Food and Drug Administration (FDA) to be used 
as therapeutic agents as of their broad-spectrum 
activity, disease targeting and better mechanism of 
action than conventional antibiotics.
Bacitracin is a formulation composed of a cyclic 
peptide mixture targeting pneumonia and empyema 
in infants. Acting by creating interference in the cell 
wall and peptidoglycan layer synthesis. Fuzeon™ 
enfuvirtide contains a small peptide. Used in the 
treatment of HIV-1. It usually acts by inhibiting of 
6HB structure and blocking viral fusion. Oritavancin 
is a formulation consisting of glycopeptide. Used for 
acute bacterial skin and structural infection. It follows 
the cell membrane disruption mechanism. Telvancin 
formulation contains cyclic lipoglycopeptide in it 
which is useful in MRSA and other gram-positive 
infections acts by creating interference in the cell 
wall and peptidoglycan synthesis[39]. Table 2 contains 
the patents which are approved for use of AMPs as 
antibiofilm agents.

Antifungal activity: 	 These peptides can counter 
the pathogenic fungus Aspergillus and Candida 
albicans, yeast infections showing enhanced 
multidrug resistance. As reported by Madanchi et 
al., synthetic peptide AurH1, having MIC of 7.3‐125 
μg/ml showed promising results against Candida 
albicans as well all fungi strains inhibition with 
cytotoxicity killing 20 % human cells[35].
Antiviral peptides: Virus endangers humans 
by causing life-threatening infections. Human 
Immunodeficiency Viruses (HIV) and Hepatitis C 
Virus (HCV) can cause long-term lifetime harm to 
human life, recent COVID-19 outbreak has caused 
millions of lives to the death. Strong and promising 
antiviral drugs are of utmost need in this era. Peptides 
as potent antiviral agents can inhibit virus cell 
attachment and fusion with the host cell membrane, 
destroying the envelope and inhibiting replication[36] 
Anti-HIV peptides such as α and β-defensins, 
cathelicidin LL-37, gramicidin D, caerin 1, maximin 
3, frog magainin 2, dermaseptin-s1 dermaseptin-s4 
as well siamycin-I ,siamycin-II and RP71955 
are most active and proved to be efficacious[37]. 
Enfuvirtide a viral fusion inhibitor peptide is also 
been commercialized for combination therapy for 
HIV as Fuzeon™.
Anticancer peptides: Cancer is indeed a most 
challenging disease spread across the globe causing 
millions of deaths. Yet research is continued to find 
promising curable drugs. Peptides show anticancer 
mechanisms by recruiting immune cells (such as 

Fig. 3: Adaptive resistance mechanisms by biofilm
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activity and microorganisms could not produce 
resistance against them. Using AMPs in combination 
with substances that can dissolve the biofilm matrix 
is a promising combinatorial strategy that can be 
anticipated. AMPs are becoming a global research 
hotspot globally, but stability and solubility remain 
underlying issues. Despite being considered as an 
alternative to antibiotics, there are still undiscovered 
antimicrobials and the poor pharmacokinetics of 
peptide drugs makes it difficult to use existing AMPs 
effectively.
Mutation does not affect AMPs. Bacteria cannot 
develop resistance easily against AMPs because they 
show activity across the entire covering of bacteria 
and also broadens the capability of the host immune 
system. AMP contains amino acids when metabolism 
takes place, the amino acids get separated and 
those can contribute to vital biosynthetic pathways 
undergoing in the body, thus adverse drug reaction 
occurrence will be limited. On the other hand, 
antibiotic renal clearance is not assured so they are 
susceptible to cause toxicity.
Nano system is an effective delivery system for peptide 
and nucleic acid therapeutics and is effective against 
biofilm infections. Nanocarriers as a promising 
delivery system, implementing them for AMP 
delivery can facilitate them for clinical trial studies 
this can be a crucial step for their implementation in 
actual treatment. Further research has to be done for 
the stability and solubility of AMP’s. As they already 
have broad-spectrum activity and can act as a potent 
drug. AMPs are potential antiviral candidates, so 

Nanocarriers for AMP:

The delivery system plays an important role in the 
pharmacodynamic effect of a drug. It also impacts 
pharmacokinetics. In the conventional delivery route, 
almost all the drugs get degraded. Parenteral shows 
maximum bioavailability of the drug in systemic 
circulation but it is not compliable to patient. It is a 
challenge for drugs to show effect without affecting 
the body for a non-invasive delivery system is 
necessary. Nanocarriers gained attention as they 
enable targeted and effective delivery of drugs with 
a minimum number of side effects. Nanocarriers 
have wide applications as they can be used for drug 
delivery and diagnosis. Most of the time effectiveness 
of AMP’s thwarted by their low solubility and their 
stability is poor as they get chemically degraded in 
the biological system. 
As the study performed by Gontsarik et al.[40], the 
antibacterial activity of cathelicidin LL-37 dispersed 
in Glycerol Mono-Oleate (GMO) based cubosome 
against Escherichia coli. Loaded micelles with 
GMO: LL-37 having a ratio of 50:50 have rapid 
elimination of bacteria and preferable stability. 
Studies have shown that bactericidal activity was 
improved compared to free-flowing LL-37[40-49].

CONCLUSION

One of the biggest challenges in medicine is finding 
new therapeutic approaches to combat infections 
caused by biofilms, using antibiotics for high 
concentrations can lead to cytotoxicity. As mentioned 
above, AMP possesses wide and broad-spectrum 

TABLE 2: PATENTS OF ANTIMICROBIAL PEPTIDES HAVING ANTIBIOFILM ACTIVITY

S. No Patent No Patent year Characteristic Reference

1 US9339525B2 2016 Cysteamine antibiofilm agent and another antimicrobial 
peptide used for treatment of microbial infection

[45]

2 US9980497B2 2018

Discussed about methods for how to use antimicrobial 
peptides possessing antibiofilm property in severe wound 

infections. Formulation contained chelating agent, zinc salt 
and antimicrobial peptide.

[46]

3 US20200109171A1 2021

Peptide’s AMP principle is carpet model for antimicrobial 
activity as well cationic property and amino acid sequencing 
and amphiphilic allows them to penetrate into bacterial cell 

and leading to death

[47]

4 US20220064219A1 2022

Cationic antimicrobial peptides possess ability to activate 
innate immunity and good antimicrobial property and can 

kill both gram-negative and gram-positive bacteria and they 
prevent mutation

[48]

5 EP3743434A1 2022
This immunomodulatory antibiofilm contains 7-14 amino acids 
which inhibits the bacterial biofilm growth, enhancing innate 

immunity and selective proinflammatory response
[49]
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