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Escherichia coli and Staphylococcus aureus are pathogens that have the ability
to form biofilms and cause disease in food products. Due to the fact that the
enterotoxins produced by these two pathogens remain in a wide range of
temperature, pH and saline conditions, they cause severe infections in humans.
Melittin is a natural peptide derived from bee venom that can show its
antimicrobial and anti-biofilm potential through disrupting the membrane of
bacterial cells. For this purpose, in this study, the antimicrobial effect of this
peptide on Gram positive and negative bacteria was investigated and its
minimum inhibitory concentration (MIC) was determined as 100 pg/mL and
300 pg/mL, respectively. Also, the scanning electron microscope images
confirmed the antimicrobial effect of the peptide on these two bacteria. Peptide
melittin caused wrinkling, deformation and creation of holes in the cell
membrane of treated bacteria, compared to the control sample. On the other
hand, the results of the biofilm inhibition test showed that the addition of the
peptide at a concentration of 2MIC completely prevented the biofilm formation
of S. aureus prevented, while this value was equal to 91.00 + 2.82 % in E. coli
bacteria. Also, the increase in peptide concentration caused an increase in the
destruction of adult biofilms of both bacteria. On the other hand, this peptide
decreased the invasion and adhesion of these two bacteria to HT-29 and Caco-
2 cells by reducing the mobility of pathogens. Therefore, according to the
obtained results, melittin peptide can be a suitable alternative to chemical
disinfectants that are harmful to the environment.
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1- Introduction

As people's living standards have risen and
health awareness has grown, there has been
a greater emphasis on food safety.
Specifically, food poisoning caused by
microbial contamination is the most
common type of food safety issue [1, 2].
About 40-80% of microorganisms can form
biofilms, which are associated with
approximately 60% of food poisoning
outbreaks worldwide [3]. Biofilms are
complex  structures made up of
microorganisms stuck together by a
protective layer of their own production or
Exopolysaccharide (EXP). They form when
bacteria attach to surfaces, grow, and
multiply, going through stages of adhesion,
colonization, and multiplication [4]. To
effectively eliminate biofilms formed by
pathogenic bacteria, a range of methods can
be employed, including the use of
disinfectants, physical removal, agents that
disrupt the biofilm, heat treatment, and
radiation [5, 6]. However, researchers and
consumers are drawn to the idea of using
natural and safe antimicrobial compounds,
which offer a more attractive alternative to
traditional methods, providing a safer and
more effective way to combat biofilms.

E. coli, and S. aureus are recognized as the
major pathogens that have the ability to
form biofilms in the food industry [7, 8]. S.
aureus, a Gram-positive and catalase-
positive bacteria that produces enterotoxin,
is frequently identified as a prominent
foodborne pathogen linked to food safety
concerns. It exhibits the capability to thrive
within a broad temperature range (7 °C to
48 °C), tolerate a wide range of pH levels
(4.2-9.3), and withstand varying
concentrations of sodium chloride (up to
15%) [9]. It leads to infections affecting the
heart, lungs, and endocardium [10]. E. coli
is a Gram-negative bacteria, lacks spores,
and has a rod-shaped structure. It is
commonly present as a normal part of the
intestinal microbiota in both humans and
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animals [11]. While the majority of E. coli
strains are not harmful, certain pathogenic
strains can cause gastrointestinal illness and
respiratory pneumonia [12]. In the food
industry, there is a significant challenge to
identify and eliminate pathogens, as well as
prevent them from causing disease and
forming biofilms, which can have serious
consequences.

Recent research has been focused on
creating agents that can effectively
eliminate biofilms, and antimicrobial
peptides (AMPs) are being hailed as a
promising solution to this problem [13, 14].
AMPs are the body's initial defense against
pathogens, acting as a shield against
infection. These small protein fragments,
typically composed of 12 to 50 amino acids,
exhibit anti-fungal, anti-viral, and anti-
bacterial properties, making them effective
at reducing bacterial load and disrupting
biofilms. Their ability to quickly bind to
membranes allows them to rapidly combat
pathogens and prevent infection [15].
Melittin is a small, naturally occurring
peptide found in bee venom, composed of
26 amino acids. Its potent antimicrobial
properties are mainly due to the
hydrophobic and cationic amino acids
present in specific regions of the molecule,
which contribute to its ability to combat
microbial growth [16]. This peptide has the
capability to create holes in the cell
membrane, which can cause cell
destruction, leakage of cellular contents,
and ultimately, cell death, even at very low
concentrations, by  disrupting  the
membrane's function [17].

Therefore, according to the introduction
that was stated, the objective of this study is
to explore the antimicrobial and anti-
biofilm properties of the melittin peptide
against two prevalent pathogens in the food
industry (i.e. E. coli, and S. aureus).
Specifically, it aims to develop an effective
solution based on this natural bioactive
peptide to combat pathogenicity, inhibit
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biofilm formation, and enhance the quality
of food products. This research seeks to
provide an alternative to conventional
methods currently used in this regard,
offering a more natural and effective
approach to addressing these issues.

2- Materials and methods
2.1. Bacterial strains

In this research, two harmful bacterial
strains, specifically E. coli ATCC 33150
and S. aureus ATCC 25923, sourced from
the Microorganism Collection Center at
Ferdowsi University of Mashhad, Iran,
were utilized. These strains were preserved
at -80 °C in a liquid culture with 15% (v/v)
glycerol added as a cryoprotectant.

2.2. Preparation of peptide

In a distinct study, the melittin peptide was
produced and inserted into HEK293 cells.
Since the produced protein was labeled
with a His-tag at its terminus, the
recombinant melittin peptide was purified
through a Ni-NTA column, a form of Metal
Affinity Chromatography resin [18].

2.3. Determination of the minimum
inhibitory concentration (MIC)

The MIC values for two foodborne
bacterial strains, E. coli ATCC 33150 and
S. aureus ATCC 25923, were determined
using the broth microdilution method in a
96-well plate with three repetitions. To
carry out the experiment, the bacteria were
initially cultured in their respective broth
medium for 24 h at 37 °C. Following this,
the bacterial concentration was adjusted to
match a 0.5 McFarland standard. Next, 100
uL of the adjusted bacterial solution was
added to each well. Subsequently, varying
concentrations of the melittin peptide,
ranging from 2500 to 9.76 pg/mL, were
introduced into the wells containing the
bacteria. The samples were then incubated
at 37 °C for 24 h. The positive control
consisted of the culture medium and the
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pathogen strain, while the negative control
contained only the uninoculated culture
medium. After the incubation period, a
colorimetric analysis using a 0.5%
tetrazolium  chloride  solution  was
performed to determine the MIC.
Approximately 3 uL of this solution was
added to each well and further incubated for
15 min at 37 °C. The MIC value was then
determined as the lowest concentration of
melittin that effectively inhibited the visible
growth of pathogens [19].

2.4. Scanning electron microscope
(SEM)

SEM was employed to investigate the
impact of melittin peptide on the structure
of pathogenic bacteria. Bacterial cells in the
exponential growth phase were exposed to
a concentration of 2MIC of melittin peptide
and maintained for 24 h at 37 °C. Untreated
bacteria served as the control group.
Following the incubation period, the
bacterial suspensions were centrifuged to
form a pellet. This pellet was then rinsed
twice with phosphate-buffered saline (PBS;
pH 7.4) and subsequently fixed overnightin
4 mL of 25 % glutaraldehyde buffer.
Subsequently, a series of ethanol solutions
(20 %, 50 %, 80 %, and 100 %) at 4 °C for
10 min were used to dehydrate the bacterial
cells. The samples were then coated with
gold and examined using a scanning
electron microscope (Zeiss (LEO) 1450 VP
model, Germany) [20].

2.5. Quantification of biofilm formation
and destruction

To assess the impact of melittin peptide on
preventing biofilm formation by harmful
bacteria, the method described by Rouhi et
al. (2024) was followed. The bacteria were
adjusted to a density of 10® CFU/mL. 50 uL
of both bacterial cultures and antimicrobial
peptides (2 MIC to 1/8 MIC) were placed in
a 96-well polystyrene microtiter plate and
kept in a 37 °C incubator for 72 h (50 uL
fresh culture medium was added daily to
each well to provide necessary nutrients for
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the bacteria). After the incubation period
and biofilm development, the culture
medium was removed, and each well was
rinsed twice with 150 pL of PBS. The
samples were dried in the incubator for 20
min. Subsequently, the amount of biofilm
formed was measured using the
colorimetric method with 150 pL of 0.1
crystal violet solution, and the plate was left
in the environment for 30 min. The samples
were rinsed thrice with distilled water, and
the stained biofilm was exposed to 150 uL.
of a 98% ethanol solution. The optical
density of each sample was assessed at
OD570 nm utilizing a microplate reader
(Model ELx808; Bio Tek, USA). The
control group received only the broth
culture medium, and the entire experiment
was conducted three times for accuracy.

To assess the impact of melittin peptide on
established bacterial suspansion biofilms,
100 pL of bacteria were added to each well
and incubated for 72 h. Following this, the
culture medium was removed, and the plate
was washed. Then, each well was exposed
to 2 MIC to 1/8 MIC of melittin peptide for
24 h. After the incubation period, washing
and colorimetric procedures were carried
out as outlined in biofilm inhibition method
[21]. The inhibition and degradation rates
were determined using the following
formula:

Inhibition and degradation ratio (%) =
E=B-T5) » 100

C-B
B = ODs70 nm Of the negative controls, C =
ODs70 nm Of the control wells, and T =
ODs70 nm Of the treated wells.

2.6. Adhesion and invasion assay

The impact of melittin peptide on
pathogenic bacteria’s ability to invade and
attach to host cells was studied using HT-
29 cells (a human intestinal-epithelial cell
line) and Caco-2 cells (a human colon
adenocarcinoma cell line) [22].
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To conduct the experiment, HT-29 and
Caco-2 cells were seeded at a density of 5 x
10° cells per milliliter in a 24-well plate.
The cells were then incubated for 18 hiin an
environment with 5% CQO?2 at a temperature
of 37 °C. This incubation period allowed
the cells to grow and reach full confluence,
meaning they covered the entire surface
area of the wells. Bacteria were grown in
the presence and absence of MIC, 1/2 MIC,
and 1/4 MIC concentrations of melittin
until they reached the midpoint of their
growth phase. The bacterial cells were then
harvested, washed, and resuspended in
DMEM to achieve a final concentration of
10° CFU/mL. HT-29 and Caco-2 cells were
washed twice before the bacterial
suspension was added to each well. The
plates were then incubated in a humidified
environment at 37 °C with 5% CO; for a
period of 2 h.

To measure bacterial adhesion, cells with
attached bacteria were first centrifuged at
600 x g for 5 min and then washed and
lysed with incubation 1 mL of 0.1% (v/v)
Triton X-100 at 4 °C for 20 min. The
number of viable adherent bacteria was
determined by performing serial dilutions
and plating on TSA agar plates. The plates
were then incubated at 37 °C for 24 h before
the bacterial colonies were counted.

For invasion assays, the cell monolayers
were incubated for 2 h after inoculation.
They were then rinsed three times with PBS
and incubated for an additional 30 min after
addingg  DMEM  supplemented  with
gentamicin (100 pg/mL) to eliminate
extracellular bacteria. Subsequently, the
cells were washed three times with PBS,
lysed, and plated as described in the
adhesion assay.

Adhesion and invasive rates were expressed
as the percentage of the number of bacteria
in the treatment groups relative to that of the
control group.

2.7.Statistical analysis
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The experiments were conducted three
times separately. The findings were
presented as the average value plus or
minus the standard deviation. Statistical
analysis was performed using one-way
analysis of variance, and the significance
levels were determined using Duncan's
multiple range test (DMRT) with the
software SPSS version 25.0.

3-Results and Discussion
3.1. MIC

Table 1 displays the MIC values of melittin
peptide against two strains, E. coli, and S.
aureus. Various sub-MICs (1/2, 1/4, 1/8) of
the peptide were chosen to assess its
effects. Based on the findings, the melittin
peptide exhibited significant antibacterial
efficacy against all two strains of bacterial
pathogens. However, to effectively inhibit
the growth of E. coli, a Gram-negative
bacteria with a distinct cell wall structure
compared to the Gram-positive pathogens,
a higher concentration of the peptide was
required. The results suggest that Gram-
positive bacteria are more susceptible to the
antimicrobial peptide than Gram-negative
bacteria. This is because Gram-negative
bacteria have another layer called
lipopolysaccharide in addition to the
peptidoglycan layer, which serves as a
protective barrier against antimicrobial
agents, making it harder for them to
penetrate the membrane and exert their
effects. As a result, Gram-negative bacteria
are more resistant to antimicrobial agents
[23]. According to reports, the
antimicrobial activity of AMPs s
influenced by the composition of the cell
envelope, which varies among different
types of microorganisms. This variability
explains why the peptide's effectiveness
against bacteria can vary [24]. Cationic
antimicrobial peptides, like melittin, tend to
bind to negatively charged molecules found
in both Gram-negative and Gram-positive
bacteria.  These  molecules include
lipopolysaccharides and teichoic and
lipoteichoic acids. By binding to these
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molecules, the peptides are able to interact
with the bacterial membrane and ultimately
exert their antimicrobial effects [25]. AMPs
function by disturbing the bacterial cell
membrane and forming pores. This action
facilitates the efflux of potassium ions,
ultimately causing an imbalance in the
electrochemical state across the membrane.
Consequently, the bacterial cell s
destroyed and dies. Moreover, AMPs also
facilitate the passage of other substances,
including antibiotics, into the cell, thereby
augmenting their antimicrobial properties
[26]. Our findings are in line with those of
another study that examined the
antimicrobial properties of vancomycin
derivatives against E. coli and S. aureus
strains that are resistant to vancomycin. The
study revealed that Gram-negative bacteria
exhibited higher MIC levels compared to
Gram-positive  bacteria  [27].  The
antimicrobial effect of thanatin was tested
against Gram-positive bacteria, specifically
S. aureus. The MIC for thanatin was found
to be 2.57 pg/mL, which is significantly
lower than its MIC against gram-negative
bacteria, including Shigella dysentery, E.
coli, Salmonella typhi, and Salmonella
paratyphi C. For these Gram-negative
bacteria, the MIC values ranged from 4.80
pg/mL to 76.92 pg/mL [28]. A recent study
explored the impact of melittin peptide on
Gram-negative and Gram-positive bacteria.
The findings revealed that E. coli and
Pseudomonas aeruginosa, both Gram-
negative bacteria, exhibited significantly
higher MIC levels (40-42.5 pg/mL and 65-
70 pg/mL, respectively) compared to S.
aureus, a Gram-positive bacterium, with a
relatively low MIC range of 6-7 pg/mL
[29].

Table 1. MIC of melittin peptide against bacteria
E. coli, and S. aureus

Bacterial MIC
species (ug/mL)

E. coli 300

S. aureus 100
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3.2. SEM

The SEM images revealed that normal cells
in the control group had a smooth surface
and well-defined outline, as seen in Fig 1A
and 1C. In contrast, significant changes in
cell morphology were observed when cells
were treated with melittin, as shown in Fig
1B and 1D. The transformation in cell
shape was accompanied by contraction,
wrinkling, and damage to the bacterial cell
wall, providing evidence that melittin's
antibacterial activity is achieved by
disrupting the bacterial membrane.
Melittin's activity causes the cell membrane
to break down, creating an imbalance in the
cell's internal pressure and ultimately
leading to the cell's death. Specifically,
melittin's alignment with the membrane
allows it to enter the membrane, stick
together with other peptides, and distort the
membrane's lipid structure, leading to the
release of cellular contents [30].
Researchers have studied the impact of an
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antimicrobial peptide called AP138L-arg26
on the shape and structure of S. aureus
bacteria. The results showed that the
peptide disturbed the integrity of the cell
membrane by more than 50%, and also led
to a substantial increase in the release of
potassium ions, which is detrimental to the
bacterial membrane's integrity [31]. The
research findings are consistent with
observations made from SEM images,
which examined the effects of thanatin on
the cell structure of E. coli. The images
demonstrate that as the peptide
concentration  increased, the  cells
contracted, became more indented and
wrinkled, ultimately resulting in the
bacteria's demise [32]. Another study [33]
explored the effects of the antimicrobial
peptide OaBacbmini on E. coli using
similar imaging techniques. The treated
bacteria exhibited signs of atrophy,
corrugations, and the formation of pores on
their cell membranes, accompanied by the
leakage of intracellular contents. These
observations provide insights into the
effects at the cellular level.
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Fig. 1. SEM images of E. coli ATCC 33150 (A, untreated; B, treated with melittin), and S. aureus ATCC
25923 cells (C, untreated; D, treated with melittin).

3.3. Quantification of biofilm formation
and destruction

The data in Table 2 highlights the impact of
melittin peptide on biofilm formation in
both E. coli and S. aureus, demonstrating its
ability to inhibit this process.

Gram-positive bacteria exhibited a higher
susceptibility to melittin peptide compared
to Gram-negative bacteria. In  Gram-
positive bacteria, the formation of biofilms
was completely inhibited at a concentration
of 2 MIC, while at the MIC concentration,
biofilm formation was inhibited by

approximately 74.71+0.18 % in S. aureus.
Conversely, E. coli demonstrated a lower
inhibitory rate compared to the other
bacterial strain. At the 2 MIC and MIC
concentrations, it was able to prevent
biofilm formation by approximately
91.00+2.82 % and 63.49+1.60 %,
respectively. These results indicate that as
the peptide concentration decreases, its
inhibitory percentage also decreases.
Overall, melittin peptide significantly
prevented the formation of biofilms in the
treated bacteria at different concentrations
(P <0.05).

Table 2. Biofilm inhibitory percentage of melittin peptide against E. coli, and S. aureus

Bacterial species 2 MIC (%) MIC (%) 1/2 MIC (%) 1/4 MIC (%) 1/8 MIC (%)
E. coli 91.00+2.82 63.49+1.60 45.22+0.71 26.00+1.08 1.90+0.75
S. aureus 100 74.71+0.18 52.05+0.62 33.02+0.58 6.15+0.09

The process of eliminating mature biofilms
involves the destruction of these complex
structures. Notably, the melittin peptide
showed significant effectiveness (P < 0.05)
in breaking down well-established biofilms
at various concentrations, including the
MIC. Table 3 shows the exact percentage of
destruction of pre-formed biofilms.

Y4A

The highest effect of melittin peptide was
observed on S. aureus at concentrations of
2 MIC and MIC, resulting in destructive
percentages of approximately 86.75+1.77
% and 69.74+1.19 9%, respectively.
Conversely, the lowest effect was observed
on E. coli at a concentration of 1/8 MIC
with a destructive percentage of 0.27+0.85
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%, which was deemed insignificant. It is
crucial to acknowledge that there are
several factors that can influence the
effectiveness of AMPs in preventing
biofilm formation. These factors include
the type of AMP being used, the dosage and
duration of treatment, the difference in cell
wall type of Gram-negative and Gram-
positive bacteria as well as the specific
pathogen that is being targeted [34].

The peptide 1018-K6 has been shown to
have a significant ability to prevent S.
aureus from forming biofilms. In fact, a
very small amount of this peptide (80 uM)
was enough to completely stop all strains of
S. aureus from forming biofilms [35]. The
supernatant and the breakdown of
Saccharomyces cerevisiae, which has
antibacterial properties, have been shown to
effectively prevent the formation of
biofilms by S. aureus. The supernatant
reduced biofilm formation by 48%, while
the breakdown of the bacteria reduced it by
69%, demonstrating its ability to inhibit
biofilm formation [36]. The combination of
LL-37 and PMB peptides was found to have
a stronger anti-biofilm effect against E. coli

and P. aeruginosa planktonic cells than
when used individually. When both
peptides were used together, the inhibition
of biofilm formation and the destruction of
pre-formed biofilms was significantly
increased compared to when each peptide
was used alone [37]. The results of this
investigation are consistent with the
research conducted by Picoli et al. (2017).
They demonstrated a higher susceptibility
of Gram-positive bacteria to melittin
peptide in comparison to Gram-negative
bacteria, which can be attributed to their

distinct cell wall structures. Melittin
peptide can readily penetrate the
peptidoglycan layer of Gram-positive

bacteria cell membranes, whereas creating
pores in the lipopolysaccharide membrane
of Gram-negative bacteria proves to be
more challenging. The peptides facilitate
the permeability of the cytoplasmic
membrane and induce cell death by forming
ion channels within the bacterial
membrane.

Table 3. Biofilm destruction percentage of E. coli, and S. aureus treated with melittin peptide

Bacterial species 2 MIC (%) MIC (%) 1/2 MIC (%) 1/4 MIC (%) 1/8 MIC (%)
E. coli 72.85+0.71 58.26+0.72 43.68+1.42 17.48+0.58 0.27+0.85
S. aureus 86.75+1.77 69.74+1.19 49.8+0.63 20.08+1.02 4.58+0.60

3.4. Adhesion and invasion assay

The ability of bacteria to adhere to surfaces
is a crucial step in their colonization and
ability to cause disease. This adhesive
process is closely linked to the presence of
carbohydrate-rich  molecules on the
bacterial cell wall, which play a key role in
the bacteria's ability to attach and establish
themselves [38]. Bacteria use their pili and
flagella to swim and anchor themselves to
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host cells, allowing them to initiate the
process of disease development and harm
the host [39].

Our study reveals that the melittin peptide
reduces the ability of E. coli and S. aureus
to stick to intestinal cells (HT-29 and Caco-
2) in a dose-dependent manner. As the dose
of the peptide increases, bacterial adhesion
decreases  significantly at  certain
concentrations (Fig. 2A and 2B). The
bacterial adhesion rates for E. coli and S.
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aureus when exposed to the MIC
concentration, with 70.33 % and 68.66 %
attachment to HT-29 cells, respectively. A
similar trend was observed with Caco-2
cells, with adhesion rates of 72.66 % and
69.00 %. Compared to the control group,
these  adhesion  percentages  were
significantly reduced (P < 0.05), indicating
a notable decrease in bacterial attachment.

The Fig. 2C and 2D shows that melittin
peptide significantly reduced the invasion
of bacteria into HT-29 and Caco-2 cells. In
comparison to the control group, the
invasion of treated bacteria was
significantly lower (P < 0.05). At the MIC
concentration, melittin peptide inhibited the
invasion of E. coli and S. aureus by 49.00
% and 49.66 % into HT-29 cells, and by
45.33 % and 48.00 % into Caco-2 cells. The
study suggests that melittin peptide has the
ability to prevent infection and disease
development by blocking the adhesion and
invasion of pathogenic bacteria, thereby
highlighting its potential as a therapeutic
agent.

Treatment of E. coli with plantarum strain
L15 reduced the adhesion rate by 56%. This
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reduction can be attributed to factors such
as competition for nutrients and receptors,
as well as the production of antimicrobial
compounds such as hydrogen peroxide,
bacteriocins, organic acids and
polysaccharides [40]. Another study found
that the combination of trans-
cinnamaldehyde and thymol was effective
in preventing the adhesion of L.
monocytogenes (a type of gram-positive
bacteria) to Caco-2 cells in a way that was
dependent [41]. A study found that a
protein called PgTeL, derived from
pomegranate, has the ability to prevent
certain bacteria (including Aeromonas,
Salmonella, Serratia, and S. aureus) from
attaching to and invading human cells [42].
Our findings are consistent with a previous
study that showed that the cell-free
supernatant of Lactiplantibacillus
plantarum can prevent L. monocytogenes
from attaching to and penetrating human
cells (Caco-2 and HT-29) at certain
concentrations. This suggests that the
bioactive compounds in the supernatant
such as peptides have antimicrobial
properties [43].
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4-Conclusion

Researchers have been actively seeking
ways to combat biofilm formation and
pathogenicity, particularly in the context of
foodborne pathogens. Two common
pathogenes, E. coli and S. aureus, have
caused significant problems in the food
industry by forming biofilms. In recent
study found that melittin, a peptide derived
from bee venom, has potent antimicrobial
and anti-biofilm properties. The study's
results suggest that melittin could be used
as an alternative agent to prevent biofilm
formation in food processing industries.
Melittin was able to prevent biofilm
formation by reducing cell adhesion and
invasion, and preventing the spread of
pathogens. The antimicrobial effect of
melittin was confirmed through scanning
electron microscopy. Overall, melittin
exhibits strong antibacterial and anti-
biofilm activity against food pathogens,
making it a promising candidate for use as
a disinfectant in the food industry.
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