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1  | INTRODUC TION

Infectious diseases affect the large number of people every year, 
and antibiotics are used to treat a wide variety of infections. 
However, the emergence of antibiotic‐resistant bacterial strains 
has led to a high rate of mortality.1,2 Based on the recent report 
of World Health Organization (WHO), the world has entered the 
post‐antibiotic era in which many of the available options for 
the treatment of common infections are being ineffective and 
these infections can cause death. Therefore, without immedi‐
ate effective actions, the antibiotic resistance will cause serious 
consequences.3

The emergence of antibiotic‐resistant microbial strains has in‐
creased the need for research and introduction of new types of an‐
timicrobial compounds. Among the introduced compounds in this 
context, antimicrobial peptides can be suitable candidates to replace 
the antibiotics.4,5

Antimicrobial peptides (AMPs) are produced by a variety of or‐
ganisms and their cells and are responsible for protecting the host 
against the pathogens, as a component of innate immunity. These 
peptides often contain <50 amino acids and are known as amphi‐
pathic peptides. Antimicrobial peptides are capable of killing a 
wide range of pathogens with high levels of speed and perfor‐
mance.6 The remarkable point is that they are also effective against 
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Abstract
Background: The emergence of antibiotic‐resistant Helicobacter pylori strains in re‐
cent years has increased the need for finding an alternative in the post‐antibiotic era. 
One of the fields being considered for this purpose is antimicrobial peptides. The aim 
of this review was to provide an obvious scheme from the studied anti‐H. pylori pep‐
tides and to investigate their common features.
Method: First, all of the antimicrobial peptides with their anti‐H. pylori effects have 
been proved up to September 2018 were selected and their information including 
structure, mechanism of action, and function was reviewed. To achieve this, three 
databases of PubMed, Scopus, and Web of science were used.
Results: A total of 9 groups containing 22 antimicrobial peptides were found with 
demonstrated anti‐H. pylori effects. The nine groups included pexiganan, tilapia pis‐
cidins, epinecidin‐1, cathelicidins, defensins, bicarinalin, odorranain‐HP, PGLa‐AM1, 
and bacteriocins. Most of the antimicrobial peptides, not all, had common features 
such as the ability to kill antibiotic‐resistant strains, having α‐helical structure, being 
cationic, with high positive charge and isoelectric point.
Conclusion: Antimicrobial peptides with anti‐H. pylori effects have the potential to 
replace the antibiotics, especially in the post‐antibiotic era, if a rapid and low‐cost 
production method would be found.
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multidrug‐resistant (MDR) bacteria and the resistance to AMPs is 
relatively low.7

One of the bacteria with increased resistant strains in the re‐
cent years is Helicobacter pylori. The spread of resistance has sig‐
nificantly reduced the effectiveness of antimicrobial therapies.6 
Some studies showed that the resistance rate of this bacteria 
against clarithromycin has increased by 30% in Japan and Italy, 
50% in China, and 40% in Turkey, during the last decade.8 On 
the other hand, H. pylori infection can increase the risk of sev‐
eral diseases such as gastritis, peptic ulcer, dysplasia, neoplasia, 
and gastric B‐cell lymphoma. H. pylori is a class 1 carcinogen, and 
there is an association between the gastric cancer incidence and 
H. pylori high prevalence rate. Gastric cancer is the second most 
common malignancy and the 14th cause of death worldwide and 
is considered as a major epidemiologic problem of the 21st cen‐
tury. In addition to antibiotic resistance, high costs of treatment, 
side effects, inadequate treatment due to the poor drug compli‐
ance are among the problems of current therapies to combat this 
infection.9

In recent years, regarding the mentioned advantages of AMPs, 
many efforts have been made to determine the efficiency and mech‐
anism of action of these peptides for the treatment of H. pylori. In 
this review, all the antimicrobial peptides with proved anti‐H. pylori 
effects are investigated. Finally, we compared these peptides and 
assessed their common characteristics.

2  | SE ARCH STR ATEGY

A two‐stage systematic search was designed based on the keywords 
related to the topic.

First, all English studies including the introduction of an‐
ti‐H. pylori peptides (up to September 2018) were selected from 
PubMed, Scopus, and Web of science databases. Only studies of 
antimicrobial peptides were included in our study, and the arti‐
cles containing proteins and antimicrobial polypeptides were 
excluded.

The search formula ("helicobacter pylori"[MeSH Terms] OR 
("helicobacter"[All Fields] AND "pylori"[All Fields]) OR "helico‐
bacter pylori"[All Fields]) AND (("anti‐infective agents"[Pharma‐
cological Action] OR "anti‐infective agents"[MeSH Terms] OR 
("anti‐infective"[All Fields] AND "agents"[All Fields]) OR "anti‐infec‐
tive agents"[All Fields] OR "antimicrobial"[All Fields]) AND ("pep‐
tides"[MeSH Terms] OR "peptides"[All Fields] OR "peptide"[All 
Fields])) AND resistance[All Fields] AND ("therapy"[Subheading] 
OR "therapy"[All Fields] OR "treatment"[All Fields] OR "thera‐
peutics"[MeSH Terms] OR "therapeutics"[All Fields]) was used for 
PubMed. The search formulas for Scopus and Web of science were 
similar to the PubMed search formula.

Then, the references and also cited studies to our selected ar‐
ticles were also reviewed and the possible additional studies which 
provided information on the structure, mechanism, and source of 
any anti‐H. pylori peptide were selected.

2.1 | Pexiganan or MSI‐78

MSI‐78 or Pexiganan (GIGKFLKKAKKFGKAFVKILKK‐NH2) is a 
22 amino acid peptide with the molecular weight of 2.4 kDa. This 
peptide is a synthetic analogue of magainin2 antimicrobial peptide, 
which was isolated from Xenopus laevis in 1987.10,11 After the dis‐
covery of magainin2, scientists developed changes in the sequence 
for the improvement of stability and performance, and the synthetic 
pexiganan AMP was finally introduced by Zasloff et al.12

Studies have shown that the pexiganan has a broad‐spectrum 
antimicrobial effect and also strong bactericidal effect on gram‐
positive and gram‐negative bacteria such as Staphylococcus au-
reus and Escherichia coli (with the MIC of 8‐16 and 16‐32 µg/mL, 
respectively).13,14

The anti‐H. pylori effect of this peptide was first reported by 
Iwahori et al in 1997,16 but the first comprehensive evaluation of 
the pexiganan and its nanoparticles was performed in 2015. The 
reported MIC for three standard strains of H. pylori (ATCC 43504, 
gastric cancer strain, and gastric ulcer strain) was equal to 4 µg/mL. 
It was also found that this peptide has a rapid effect and could elimi‐
nate more than 106 CFU/mL of H. pylori during 20 minutes. Although 
the anti‐H. pylori effect of pexiganan and its nanoparticles was sim‐
ilar in vitro, rat model evaluation showed that the nanoparticles 
stabilize the pexiganan in the stomach to eliminate H. pylori more 
effectively.17

2.1.1 | Mechanism of action

This peptide has an unstructured form in the solution, but when 
placed adjacent to the detergent or lipid (membrane environment), it 
creates anα‐helical structure.18 Investigating the interaction of pexi‐
ganan with the membrane has shown that the destructive effect of 
this peptide is mediated by forming toroidal pores in the bacterial 
membrane.19 Probably, five positively charged amino acids (KILKK) 
have the most important effect in the strong anti‐H. pylori effect.16 
It has also shown that this peptide has a synergistic effect with beta‐
lactams for the treatment of endotoxic shock due to the properties 
of attacking the membrane and binding to the lipopolysaccharide 
(LPS).20

F I G U R E  1   Three‐dimensional structure of TP4 as an example 
of α‐helical antimicrobial peptide21
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2.2 | Tilapia piscidins

Tilapia piscidin 4 (TP4) (FIHHIIGGLFSAGKAIHRLIRRRRR) and ti‐
lapia piscidin 3 (TP3) (FIHHIIGGLFSVGKHIHSLIHGH) are two 
cationic antimicrobial peptides of piscidins class containing 25 
and 23 amino acids, respectively. These two peptides have α‐heli‐
cal structure (Figure 1).21 Piscidins were isolated from fish mast 
cells in 2001.22 The evaluation of antimicrobial effect of five iso‐
lated piscidins from Nile tilapia (Oreochromis niloticus) by Peng et 
al showed that the strongest antimicrobial activity was related to 
TP4 and TP3, respectively. They reported the MIC of 0.03 µg/mL 
for TP4 and 2.44 µg/mL for TP3 on Vibrio vulnificus and Vibrio algi-
nolyticus.21 These two AMPs also have shown great antimicrobial 
activity on antibiotic‐resistant bacterial strains such as carbap‐
enem‐resistant Acinetobacter baumannii and NDM‐1‐producing 
Klebsiella pneumoniae.23 In the following years, conducted stud‐
ies regarding the anti‐H. pylori activity of tilapia piscidins (TPs) 
showed that TP4 (MIC = 1.5‐3 µg/mL) was the most active mem‐
ber of this class and TP3 (MIC = 8‐12 µg/mL) was the second one. 
Due to the speed of effect, TP4 at the 2× MIC concentration can 
reduce 99.9% of H. pylori during 60 minutes. It is interesting that 
the antibiotic resistance does not affect the anti‐H. pylori effect 
of TPs. An in vivo study also showed that the use of TP4 for the 
treatment of mouse model infected with H. pylori strains (MDR 
clinical isolate and the ATCC 43504 strain) reduced the infection 
significantly.24

2.2.1 | Mechanism of action

1. TP4 induces membrane micelle formation against H. pylori and 
thus causes the depolarization and extravasation of cellular 
constituents and bacterial death.24

2. We know that helper T (Th17) and regulatory T cells (Treg) play a 
role in the immunity against H. pylori. The colonized H. pylori in the 
stomach can escape the host immunity by reducing the Th17/Treg 
ratio.25 In addition to killing the H. pylori, TP4 inhibits the Treg cells 

and increases the Th17/Treg ratio. Therefore, it prevents the es‐
cape of bacteria from the host immune system.24

2.3 | Epinecidin‐1

Epi‐1 (GFIFHIIKGLFHAGKMIHGLV), an antimicrobial peptide iso‐
lated from grouper (Epinephelus coioides), was reported by Pan et al 
in 2007.26 This peptide with the molecular weight of 2.3 kDa has 
been shown to reduce the bacteria present in the wound of MRSA‐
infected mouse model, accelerate the wound healing, and increase 
the angiogenesis in the area of injury.27 The reported MIC of Epi‐1 
for S. aureus was 6.25‐12.5 μg/mL, and another study reported rela‐
tively good inhibitory effect against Propionibacterium acnes, Candida 
albicans, and Trichomonas vaginalis (MIC = 12.5‐200 μg/mL).28

The anti‐H. pylori effect of this peptide was reported in 2015 as 
the MIC = 8‐12 μg/mL and MBC = 12.5‐25 μg/mL. The Epi‐1 activity 
is time‐ and dose‐dependent. That is, the 99% reduction in H. pylori 
count using 1 × MIC and 2 × MIC concentrations took the time of 11 
and 1 hour, respectively. Also, antibiotic resistance had no negative 
effects on the bactericidal activity. Interestingly, simultaneous use 
of this AMP with the three routine antibiotics of H. pylori treatment 
(amoxicillin, clarithromycin, and metronidazole) showed a synergistic 
effect. It has been shown that the oral administration of Epi‐1 elim‐
inated the H. pylori infection in the mouse model, while the CFU of 
H. pylori/g stomach tissue was reduced by 2 orders of magnitude in 
the PPI‐Triple therapy group.29 In addition to antimicrobial effects, 
some other activities have also been observed for this peptide in‐
cluding anti‐tumor,30,31 antifungal and antiviral effects,32 enhance‐
ment of wound closure, and increased angiogenesis.27

2.3.1 | Mechanism of action

1. It has been reported that the attachment of Epi‐1 to the H. py-
lori membrane reduces the negative surface charge significantly. 
This peptide first causes saddle‐splay membrane curvature 
generation in the membrane of H. pylori. Then, pore formation, 
blebbing, budding, and membrane vesicularization occur and 
result in membrane lysis and death.24,31

2. Epi‐1 is enrolled in the bacterial clearance through the regulation 
of host immunity. For example, it was showed that Epi‐1 could 
help to eliminate bacteria by stimulating Th2 response (increase in 
IgG1 secretion) in the Pseudomonas aeruginosa‐infected mouse 
model.33

2.4 | Cathelicidins

Cathelicidins are a family of AMPs first discovered in the bone mar‐
row myeloid cells. They are usually stored in the secretory granules 
of neutrophils and macrophages and are involved in the innate im‐
munity.34,35 The anti‐H. pylori effect of two members of this fam‐
ily, human cathelicidin LL‐37 and mouse cathelicidin CRAMP, has 
been proved so far.36,37 Investigations on mouse models showed 
the stronger colonization of H. pylori in cathelicidin knockout mice, 

F I G U R E  2   Ribbon diagrams of HNP1 dimer, an example of β‐
sheet structure antimicrobial peptides82
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along with lower expression of the anti‐inflammatory cytokine IL‐10 
and higher expression of proinflammatory cytokines IL‐6, IL‐1b, and 
ICAM1. Cathelicidins generally inhibit the growth, destroy the bio‐
film, induce morphological changes by shrinking of the flagella and 
pore formation on bacterial membranes, and thus cause bactericidal 
effects in H. pylori.37

2.4.1 | Human cathelicidin LL‐37

Human cathelicidin protein is produced in various human cells and 
plays an important role in the innate immunity.40,41 Cathelicidin 
is processed to LL‐37 AMP by proteinase 3 in neutrophils. LL‐37 
(LLGDFFRKSKEKIGKEFKRIVQRIKDFLRNLVPRTES) has an α‐heli‐
cal structure with 4.4 kDa molecular weight.42,43 Many studies 
have been performed on this peptide, and the antimicrobial effects 
demonstrated on a wide range of bacteria including gram‐positive 
(S. aureus, Streptococcus group A, B, Enterococcus faecalis), gram‐
negative (E. coli, P. aeruginosa, Salmonella typhimurium), and yeasts 
such as C. albicans.40,44 This peptide has also good inhibitory ef‐
fects on MDR pathogens, such as multidrug‐resistant A. baumannii 
(MIC = 16‐32 μg/mL).45

Hase et al in 2003 observed that LL‐37 in the epithelium and 
gastric secretions of H. pylori‐infected patients was significantly 
increased compared to noninfected individuals and proved the 
anti‐H. pylori effects in vitro.38 The inhibitory power of this pep‐
tide is different in various conditions, as the average reported 
MBC (μg/mL) for the sensitive and resistant strains of H. pylori 
incubated for 6 hours with LL‐37 was 8.9 ± 4.03 in HEPES buf‐
fer and 300 ± 232 in brucella broth. It has also been observed 
that LL‐37 was highly resistant to acidic pH, but sensitive to 
pepsin.39

In addition to antimicrobial effect, other activities have been 
reported for this peptide including immune regulation,40 wound 
healing,46 angiogenesis,47 chemotaxis,48 and high‐affinity bind‐
ing to bacterial LPS (neutralizing the inflammatory effects of 
LPS).49

2.4.2 | Mouse cathelicidin CRAMP

Murine cathelicidin known as CRAMP (GLLRKGGEKIGEKLKK 
IGQKIKNFFQKLVPQPEQ) containing 34 amino acids with the 
molecular weight of 3.8 kDa has high similarities to the human 
cathelicidin and has been shown to have antibacterial, antifungal, 
antiviral, and antitumor effects. Based on the evidence, this peptide 
can reduce the inflammation of pathogens such as C. albicans and 
Citrobacter rodentium.50,51 It has also been observed that the oral or 
intrarectal administration of this peptide attenuates dextran sulfate 
sodium‐induced colitis.53 In another study, use of 64 and 128 μg/
mL concentrations of this peptide on H. pylori resulted in significant 
reduction of 20%‐23% in the count of live bacteria. CRAMP is also 
able to reduce the expression of proinflammatory cytokines induced 
by H. pylori.36

2.5 | Defensins

Defensins are a family of arginine‐rich AMPs that are usually se‐
creted by immune and epithelial cells of many living organisms. They 
are active against a wide range of pathogens, as a part of host immu‐
nity. They are divided into three subfamilies of α, β, and ϴ‐defensins. 
The mechanism of their bactericidal activity is not well defined yet. 
The positive charge of peptide interacts with the negative charge of 
bacterial surface and causes the penetration of defensins into the 
membrane lipids. These peptides seem to permeabilize the bacterial 
membrane and exert their bactericidal effect.54,55 So far, the anti‐
H. pylori effect of two defensins has been reported.

2.5.1 | Human neutrophil peptide 1

Human neutrophil peptide 1 (HNP‐1) 
(ACYCRIPACIAGERRYGTCIYQGRLWAFCC) is a β‐sheeted cati‐
onic AMP in theα‐defensins subfamily and has been isolated from 
sources such as neutrophils, natural killer cells, monocytes, and 
saliva (Figure 2).56 This peptide has 30 amino acids and molecular 
weight of 3.4 kDa with anti‐gram‐positive and gram‐negative, anti‐
viral, antifungal, antiparasitic, anti‐HIV, chemotactic, enzyme inhibi‐
tor, wound healing, anticancer and antitoxin effects.57,58 Naturally, 
HNP‐1 contains three intramolecular disulfide bonds which play a 
crucial role in the antibacterial activity. So, chemical synthesis or use 
of bacterial expression systems for HNP‐1 would eliminate the an‐
timicrobial properties due to the absence of these disulfide bonds. 
This peptide was produced in 2018 using the Pichia pastoris expres‐
sion system, and anti‐H. pylori effects were evaluated on resistant 
strains. The MIC was reported as 8 μg/mL in vitro and the mouse 
model showed that HNP‐1 completely eradicated the antibiotic‐re‐
sistant H. pylori. Furthermore, exposure to 50% subinhibitory con‐
centration of HNP‐1 made no change to MIC for up to 10 consensus 
generations. In contrast, the MIC for clarithromycin and metronida‐
zole increased gradually, indicating the development of resistance.61

2.5.2 | SolyC

SolyC (FSGGNCRGFRRRCFCTK‐NH2) is a synthetic cationic AMP 
derived from tomato defensin.62 The antimicrobial effect of this 
peptide has been reported as the MIC of 40 μg/mL for three gram‐
positive pathogens (S. aureus, Staphylococcus epidermidis, Listeria 
monocytogenes) and 15 μg/mL for two gram‐negative pathogens 
(Salmonella enterica serovar Paratyphi and E. coli). Study on 10 re‐
sistant clinical isolates of H. pylori also showed the bactericidal 
effect of solyC in 10‐15 μg/mL concentrations. Interestingly, the 
inhibitory effect of this peptide was reported very low on probi‐
otic bacteria (Lactobacillus plantarum and Lactobacillus paracasei). It 
is notable that solyC hemolytic effect is very low (<5%) and has no 
cytotoxic effect on THP‐1 cells. This peptide has in vitro anti‐inflam‐
matory effects, as it downregulates the expression of TNF‐α and 
IFN‐γ cytokines.62,63
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2.6 | Bicarinalin

This 20 amino acids peptide (KIKIPWGKVKDFLVGGMKAV‐NH2) 
was isolated from the venom of the ant Tetramorium bicarinatum 
in 2012. Bicarinalin is an amphipathic peptide, with α‐helical struc‐
ture and molecular weight of 2.2 kDa. The MIC of this peptide has 
been reported as 6.3 and 1 μg/mL for S. aureus and Staphylococcus 
xilosus, respectively. Its hemolytic activity is <10% at lower concen‐
trations but reaches 50% in very high concentrations (eg, 0.72 mg/
mL).64 Guzman et al in 2017 determined the anti‐H. pylori proper‐
ties of bicarinalin. The MIC in exposure to reference strain of ATCC 
43504 was 8.6 μg/mL, and the MIC50 was 2.2 μg/mL for 44 clinical 
isolates. In addition to antibacterial effects, bicarinalin has antifun‐
gal (C. albicans, Aspergillus niger, and Saccharomyces cerevisiae) and 
antiparasitic (Leishmania infantum) activities.65 It has no cytotoxic ef‐
fect on human lymphocytes up to the 8.5 μmol/L concentration.66 
Also, the cytotoxic concentrations of 50% were measured at 39.2 
and 1.7 μmol/L for peritoneal macrophage and gastric cell lines, 
respectively.65

The mechanism of action for this peptide is not still clear, but 
probably it stops the bacterial growth by permeabilization mecha‐
nism, same to most of the amphipathic AMPs. As it has been shown, 
when the peptide inhibits bacterial growth, the leakage of cellular 
materials to the outside significantly increases.66 This peptide can 
also inhibit the binding of H. pylori to the gastric cells.65

2.7 | Odorranain‐HP

This 23 amino acids peptide (GLLRASSVWGRKYYVDLAGCAKA) 
with a molecular weight of 2.4 kDa was isolated from the skin se‐
cretions of diskless‐fingered odorous frog (Odorrana grahami). The 
MIC of odorranain‐HP toward H. pylori was reported as 20 μg/mL. 
Furthermore, the MIC in exposure to S. aureus, E. coli, and C. albi-
cans was reported as 5, 39, and 25 μg/mL, respectively. Evaluation 
of odorranain‐HP on rabbit red blood cell showed that the hemolytic 
activity of this peptide is very low even in the concentrations above 
100 μg/mL.67

2.8 | PGLa‐AM1

PGLa‐AM1 or peptide glycine‐leucine‐amide AM1, a 22 amino acids 
cationic amphipathic AMP (GMASKAGSVLGKVAKVALKAAL) with 
the molecular weight of 2.07 kDa was isolated from octaploid frog 
Xenopus amieti. This peptide has shown antibacterial effects on the 
common pathogens, as the reported MIC for S. aureus ATCC 25923 
and E. coli ATCC 25922 is 103.5 and 51.76 μg/mL, respectively.68 
PGLa‐AM1 is active against oral pathogens Streptococcus mutans and 
Fusobacterium nucleatum and can bind to the LPS of E. coli, P. aerugi-
nosa, and Porphyromonas gingivalis. As PGLa‐AM1 has no effect on 
the viability of oral fibroblasts, it can be used in the treatment of oral 
and dental infections.69 Zhang et al in 2017 used E. coli expression 
system for the low‐cost production of PGLa‐AM1 for the treatment 
of H. pylori. They showed that the recombinant peptide could inhibit 
the growth of H. pylori with the MIC of 1 μg/mL. Anti‐H. pylori kinet‐
ics of this peptide showed the time‐ and dose‐dependent manner, as 
the 16 μg/mL dose of peptide killed H. pylori within 30 minutes and 
the 32 μg/mL within 15 minutes. Also, it was showed that the oral 
administration of rPGLa‐AM1 twice a day at 40 mg/kg for 7 days 
in H. pylori‐infected mouse resulted in 100% clearance of bacteria 
in the stomach. The clearance rate was 20% for 10 mg/kg dose and 
60% for 20 mg/kg dose.70 In addition to antibacterial effects, it has 
been shown that this peptide stimulates the secretion of glucagon‐
like peptide 1 and thus stimulates the insulin production in BRIN‐
BD11 rat clonal B cells. Consequently, this peptide has the potential 
to be developed into molecules for the treatment of patients with 
Type 2 diabetes.71,72

2.9 | Bacteriocins

Bacteriocins are the type of toxins (usually peptides) produced by 
bacteria and are responsible for inhibiting the growth of some other 
bacterial groups. Their spectrum of activity can be wide or narrow. 
Many bacteriocins are produced by bacteria which are among probi‐
otics.73 So far, anti‐ H. pylori effects have been proved for some bac‐
teriocins produced by probiotics. These investigations are generally 

TA B L E  1   MIC of partially purified bacteriocins of lactic acid bacteria (LAB) against four Helicobacter pylori strains used in the study by 
Kim et al74

LAB strains Bacteriocins

ATCC43504 DSM4867 DSM9691 DSM10242

MIC (mg/L)

Lactococcus lactis subsp. lactis 
ATCC 11454

Nisin A 25 0.39 6.25 3.125

L. lactis subsp. lactis a164 Lacticin a164 12.5 0.097 0.195 0.097

L. lactis BH5 Lacticin BH5 12.5 0.097 0.195 0.195

L. Lactis jw3 Lacticin jw3 25 0.195 0.390 0.390

L. lactis NK24 Lacticin NK24 25 0.097 0.390 0.097

Pediococcus acidilactici PO2 Pediocin PO2 50 6.25 12.5 6.25

Leuconostoc sp. Lab145‐3a Leucocin k ND 25 25 25



6 of 10  |     NESHANI Et Al.

TA
B

LE
 2

 
Fe

at
ur

e 
co

m
pa

ris
on

 o
f a

nt
i‐H

el
ic

ob
ac

te
r p

yl
or

i p
ep

tid
es

Pe
pt

id
es

a
M

ol
ec

ul
ar

 
w

ei
gh

t (
D

a)
pI

N
et

 c
ha

rg
e 

in
 

pH
 =

 7
.4

St
ru

ct
ur

e
M

IC
 fo

r  
H

. p
yl

or
i 

(μ
g/

m
L)

M
IC

 fo
r  

St
ap

hy
lo

co
cc

us
 

au
re

us
M

IC
 fo

r  
Es

ch
er

ic
hi

a 
co

li
M

ec
ha

ni
sm

 o
f a

ct
io

n

Pe
xi

ga
na

n 
13

,1
4,

17
,1

9,
83

24
78

.1
9

11
.4

2
+8

.8
α‐

he
lix

4
16

16
‐3

2
Fo

rm
in

g 
to

ro
id

al
 p

or
es

 
Bi

nd
in

g 
to

 th
e 

LP
S

Ti
la

pi
a 

pi
sc

id
in

 4
 

(T
P4

)24
,8

3
29

81
.5

7
13

.2
+7

α‐
he

lix
1.

5‐
3

N
D

N
D

M
ic

el
le

 fo
rm

at
io

n 
Po

re
 fo

rm
at

io
n 

In
cr

ea
se

s 
th

e 
Th

17
/

Tr
eg

 ra
tio

Ti
la

pi
a 

pi
sc

id
in

 3
 

(T
P3

)24
,8

3
25

56
.9

8
10

.0
4

+1
.1

α‐
he

lix
8‐

12
N

D
N

D
Po

re
 fo

rm
at

io
n

Ep
in

ec
id

in
‐1

 
(E

pi
‐1

)26
,2

8,
29

,8
3

23
35

.8
8

10
.5

9
+2

α‐
he

lix
8‐

12
6.

25
‐1

2.
5

N
D

Sa
dd

le
‐s

pl
ay

 m
em

br
an

e 
cu

rv
at

ur
e 

ge
ne

ra
tio

n 
Po

re
 fo

rm
at

io
n 

M
em

br
an

e 
ve

si
cu

la
riz

at
io

n

LL
‐3

739
,8

3,
84

44
93

.3
2

11
.1

3
+5

.9
α‐

he
lix

8.
9‐

30
0

2.
9‐

12
.5

0.
6‐

1.
6

Sh
rin

ki
ng

 o
f t

he
 fl

ag
el

la
 

an
d 

po
re

 fo
rm

at
io

n 
on

 
ba

ct
er

ia
 m

em
br

an
es

 
Im

m
un

e 
re

gu
la

tio
n 

Bi
nd

in
g 

to
 th

e 
LP

S

H
N

P1
61

,8
3,

84
34

48
.0

9
8.

27
+0

.5
Be

ta
 s

he
et

8
2.

2‐
7.

9
18

.4
‐2

50
Pe

rm
ea

bi
liz

e 
th

e 
ba

ct
er

ia
l m

em
br

an
e

So
ly

 c
63

,8
3

19
95

.3
2

11
.2

1
+3

.7
Be

ta
 s

he
et

10
‐1

5
40

15
Pe

rm
ea

bi
liz

e 
th

e 
ba

ct
er

ia
l m

em
br

an
e 

A
nt

i‐i
nf

la
m

m
at

or
y 

ef
fe

ct
s

Bi
ca

rin
al

in
 64

‐6
6

22
14

.7
8

10
.7

1
+3

.9
α‐

he
lix

8.
6

6.
1‐

6.
6

54
M

em
br

an
e 

pe
rm

ea
bi

liz
at

io
n

O
do

rr
an

ai
n‐

H
P 

(6
7,

 8
3

24
84

.7
0

9.
95

+2
.5

N
D

20
5

30
N

D

PG
La

‐A
M

183
20

70
.5

7
11

.0
1

+3
.9

α‐
he

lix
1

10
3

51
Bi

nd
in

g 
to

 th
e 

LP
S 

N
ot

 c
le

ar

N
is

in
 A

74
,7

6,
85

,8
6

34
98

.2
8.

44
+0

.9
N

on
he

lix
be

ta
0.

39
‐2

5
1‐

2.
1

50
A

tt
ac

he
s 

to
 li

pi
d 

II 
Po

re
 fo

rm
at

io
n

a Pe
pt

id
e 

se
le

ct
io

n 
w

as
 b

as
ed

 o
n 

tw
o 

cr
ite

ria
 o

f 1
. H

av
in

g 
cl

ea
r a

nd
 p

ro
ve

d 
se

qu
en

ce
 2

. E
xi

st
en

ce
 o

f s
pe

ci
fie

d 
M

IC
 in

 e
xp

os
ur

e 
to

 H
. p

yl
or

i. 



     |  7 of 10NESHANI Et Al.

screening, and no comprehensive animal studies have been con‐
ducted yet.

As shown in the study by Kim et al, the inhibitory effect of at least 
seven bacteriocins of lactic acid bacteria (LAB) has been demon‐
strated on H. pylori strains. These bacteriocins, their source, and the 
MICs in exposure to four H. pylori strains (ATCC 43504, DSM 4867, 
DSM 10242, and DSM 9691) are provided in Table 1. Among the 
seven tested bacteriocins, lacticins A164 (isolated from Lactococcus 
lactis subsp. lactis A164) and BH5 (produced by L. lactis BH5) showed 
the strongest anti‐H. pylori activity. Unfortunately, there are still no 
more comprehensive studies regarding their mechanism of action. 
In exposure to antibiotics (amoxicillin, ampicillin, and erythromycin), 
three DSM strains were 2 to 3 times more sensitive than the ATCC 
43504.

Interestingly, DSM strains were also more sensitive 
than ATCC 43504 when exposed to the bacteriocins.74 The 
best‐known bacteriocin among these seven cases is Nisin A 
(ITSISLCTPGCKTGALMGCNMKTATCHCSIHVSK) which is used as 
a food preservative in more than 80 countries. Nisin A, similar to 
vancomycin antibiotic, first attaches to lipid II (an essential precur‐
sor for cell wall synthesis) and then develops the pore formation. 
Lipid II serves as an anchor for nisin A and also facilitates the pore 
formation of this AMP by 1000‐fold.75 According to the antimicro‐
bial peptide database (APD), nisin A is active against Enterococcus 
spp. (MIC = 16.7 μg/mL), Listeria spp., Staphylococcus spp., 
Streptococcus spp., Bacillus spp. (MIC = 4.2‐8.4 μg/mL), Gardnerella 
vaginalis, Mycobacterium smegmatis, Propionibacterium acnes 
(MIC = 2.1‐8.4 μg/mL), and gram‐negative bacteria: Campylobacter 
jejuni (MIC = 1.1 μg/mL), Haemophilus influenzae (MIC = 66.9 μg/mL), 
Neisseria spp. (MIC = 8.4 μg/mL). It also has spermicidal effect and 
antibiofilm activity.76

In another study in 2015, two bacteriocins with the molecular 
weights of 6.5 and 4.5 kDa were isolated from Lactobacillus brevis 
BK11 and Enterococcus faecalis BK61 and their anti‐H. pylori effects 
were demonstrated by well‐diffusion test but no sequencing and 
further studies were performed.77

2.9.1 | Pediocin BA28

This bacteriocin is produced by probiotic Pediococcus acidilactici 
BA28. The study on the anti‐H. pylori effect of pure Pediocin BA28 
using well‐diffusion test showed that it could inhibit the growth of 
H. pylori. It has also been showed that the activity of this peptide 
is dose‐ and time‐dependent, as the complete eradication of H. py-
lori occurred within 24 hours at the 500 μg/mL dose.78 The mecha‐
nism of action and precise sequence of this peptide is not still clear, 
but antimicrobial effects of this peptide have been demonstrated 
on a wide range of pathogens including C. albicans, Clostridium 
sporogenes, E. coli, E. faecalis, G. vaginalis, K. pneumoniae, L. mono-
cytogenes, Micrococcus flavus, Neisseria gonorrhoea, P. aeruginosa, 
Proteus mirabilis, Staphylococci, Streptococci, S. typhi, and Vibrio 
cholera.79

2.9.2 | Bulgaricin BB18

It is an AMP (KIYRGNVGHCGKSTVDWGTAIGNGNNAASFL) with 
31 amino acids and the molecular weight of 4.2 kDa. Bulgaricin 
BB18 is a bacteriocin produced by Lactobacillus delbrueckii subsp. 
bulgaricus, one of the main bacteria used in yogurt production. 
This peptide is active in the pH range of 3‐11 and also preserves 
the	activity	for	90	days	in	−20ºC.	The	anti‐H. pylori effect of this 
peptide was evaluated by well‐diffusion assay, and 11‐12 mm zone 
of inhibition was demonstrated. To compare, the zone of inhibition 
was 16, 11, and 7 mm for L. monocytogenes, S. aureus, and E. coli, 
respectively.80

3  | SUMMARY

To conclude and find the common features among all anti‐H. py-
lori AMPs, the most studied cases were selected, and all of their 
important characteristics are provided in Table 2. Also, the pep‐
tide molecular weight, peptide isoelectric point, and the charge of 
these peptides were calculated using protein isoelectric point cal‐
culator (https://isoelectric.org/index.html) and included in Table 2. 
Although some of these features such as peptide isoelectric point 
and electric charge have been reported as different values in various 
studies, we evaluated all peptides with uniform software (protein 
isoelectric point calculator). Also, MICs of E. coli and S. aureus were 
extracted from different studies and added for comparison. In the 
cases in which several strains were evaluated, the MIC was reported 
in a range from the lowest to the highest values.

According to our data in Table 2, the results and evaluation of 
similarities among AMPs with reported anti‐H. pylori effects are as 
follows:

1. All of these AMPs are cationic and have a positive charge in 
the pH of 7.4.

2. Most of these AMPs have α‐helical structure (Figure 1).
3. The strongest anti‐H. pylori effect is related to three AMPs pexi‐

ganan, tilapia piscidin 4 (TP4), and PGLa‐AM1. They are all α‐heli‐
cal, and in addition to having the pI (isoelectronic point) above 11, 
they have also strong positive charge. So, it can be concluded 
that the positive charge and high pI can both be directly corre‐
lated with the bactericidal effect in α‐helical AMPs, while this 
correlation does not seem to exist for β‐sheeted AMPs (Figure 2), 
according to our results.

4. The sequence comparison of evaluated AMPs using Mega soft‐
ware81 did not show any significant similarities that include all of 
these peptides.

5. All of AMPs with anti‐H. pylori effects that have been identified so 
far have the molecular weight of 1.99‐4.4 kDa.

6. Although further studies are required to discover all the mecha‐
nisms regarding anti‐H. pylori effects of these AMPs, the most 
known mechanism to date is related to the pore‐forming activity.

https://isoelectric.org/index.html
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