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Escherichia coli is a facultative anaerobic bacteria that exists in the gastrointestinal tract of humans and animals. It can cause 
diarrhea, enteritis, destruction of the host's intestinal barrier, and intestinal microecological disturbances.  In recent years, due to the 
abuse of traditional antibiotics, a variety of drug-resistant strains and super bacteria have emerged in an endless stream. Therefore, 
there is an urgent need to find new alternatives to antibiotics. Antimicrobial peptides are a type of small peptides produced when 
organisms resist the invasion of foreign microorganisms. They are considered to be the best alternative to antibiotics which has become 
a research hotspot in recent years. The antimicrobial peptide MPX is extracted from wasp venom and has a good bactericidal effect 
on many bacteria. To explore the effect of MPX against E. coli. The function of MPX against E. coli was detected by MIC, plate count, 
propidium iodide, NPN and DiSC3(5) permeability testing, immunofluorescence microscope observation, and the impact of MPX sta-
bility by temperature, pH, ion. In this study, the results found that MPX has good antibacterial activity against E. coli, and the minimum 
inhibitory concentration (MIC) was 31.25 ug/mL. MPX bactericidal kinetics study found that MPX had good bactericidal activity within 
6 hours. Bacterial permeability studies have shown that MPX could increase the permeability of bacteria, leading to an increase in the 
protein content of the bacterial supernatant. In addition, NPN, PI and DiSC3(5) results showed that the fluorescence value was posi-
tively correlated with MPX. The stability test of MPX found that salt ions, temperature, pH, etc. have a slight influence on its effect. In 
addition, scanning electron microscopy results showed that the bacteria became smaller and the contents leaked after the action of 
MPX. The above results showed that MPX has a good bactericidal activity in vitro, laying the foundation for the development of new 
drugs for the treatment of bacterial infections. 
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Introduction. Escherichia coli is a facultative anaerobic 

bacteria that mainly exists in the gastrointestinal tract of humans 
and animals, colonize in the small intestine, which is usually as-
sociated with acute secretory diarrhea (Fleckenstein J.M. et al., 
2010) It can cause diarrhea, enteritis, destruction of the host's 
intestinal barrier, and intestinal microecological disturbances 
(Madhavan T.P. et al., 2015). Enterotoxigenic Escherichia coli 
(ETEC) is classically associated with acute secretory diarrhea, 
which induces 2 million people death in developing countries over 
a year, predominantly children in the first years of life (Song X. et 
al., 2021) In addition, in recent years, due to a large number of 
unreasonable use of antibiotics, the resistance of E. coli has in-
creased. The antibiotics, tetracyclines, sulfonamides and penicil-
lins, which are most commonly used in animal production, have 
the highest resistance rates (Van Boeckel T.P. et al., 2019). 
Therefore, there is an urgent need to find alternative antibacterial 
drugs that can treat E. coli infections. 

Antimicrobial peptides are a class of small defensive pep-
tides produced when organisms resist the invasion of foreign mi-
croorganisms. They are an important part of the body's innate im-
mune system (Andrejko M. et al., 2021). Compared with tradi-
tional antibiotics, antimicrobial peptides have the characteristics 
of small molecular weight, good water solubility, good thermal 
stability, unique antibacterial mechanism, broad-spectrum anti-
bacterial activity against clinically resistant strains, and resistance 
to bacterial resistance (Luu T. et al., 2021). MPX (H-INWKGI-
AAMAKKLL-NH2) belongs to the family of bee venom antimicro-
bial peptides. It has a high content in bee venom. It is an amino 
acid peptide with 4 net positive charges (Henriksen J.R. et al., 
2014). Previous research of our group found that MPX has good 
antibacterial activity against Actinobacillus pleuropneumoniae. 
However, it is currently unknown whether MPX has good anti-E. 
coli activity.  

Aim. The aim of this was to study the mechanism of an-
timicrobial peptide MPX against E. coli in vitro. 
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Materials and Methods. 
Peptide synthesis. 
MPX (H-INWKGIAAMAKKLL-NH2) was obtained by 

Shanghai Jier Biochemical Company (China) using solid-phase 
N-9-fluoromethoxycarbonyl (Fmoc) strategy and high perfor-
mance liquid chromatography (HPLC) purification, and its purity 
was as high as 98%. 

Bactericidal activity test. 
E. coli was cultured in LB liquid medium to the logarithmic 

phase (OD600=1.0), and the final concentrations of MPX (31.25 
ug/mL), PR39 (50 ug/mL), and Enro (50 ug/mL) were added to 
the bacterial solution, added ddH2O as the negative control, incu-

bated at 37℃ for 0 h, 1 h, 2 h, 3 h, 4 h, 5 h, 6 h, then measured 
the OD600 of the bacterial solution and dilute the bacterial solution 
every 1 h. Put it on the LB plate and incubated in a 37℃ degree 
incubator, and incubate for 12 h until a single colony is clearly 
visible, and then counted the plates (Wang L. et al., 2017). 

The effect of MPX on the outer membrane of E. coli. 
E. coli were washed with 1:1 mixture of 5 mM HEPES 

buffer and resuspended with the same. The concentration of 
E. coli were 1x108 CFU/mL. This study was performed in a Corn-
ing 96 black well plate with clear bottom containing 10 μM of N-
Phenyl naphthylamine (NPN) dye and 190 μL of bacterial sus-
pension. After that, bacterial suspensions with dye in each well 
were treated with 10 μL of MPX at concentrations of 1 MIC, 2 
MIC, 4 MIC. Then, the fluorescence was monitored at an excita-
tion wavelength of 350 nm and an emission wavelength of 420 
nm. The increase in fluorescence intensity was monitored for an-
other 10 min with an INFINITE M PLEX microplate reader (Uppu 
D.S. et al., 2013).  

The effect of MPX on cell plasma membrane. 
E. coli were collected separately washed with 1:1 ratio of 

5 mM glucose and HEPES buffer (pH = 7.4). Next, the bacterial 
plate was resuspended in 1:1:1 ratio of 5 mM HEPES buffer, 100 
mM KCl solution supplemented with 0.2 mM EDTA and 5 mM 
glucose. For this study EDTA was used to allow the dye uptake 
by permeabilizing outer membrane of E. coli. This study was per-
formed in a Corning 96 black well plate with clear bottom contain-
ing 2 μM of 3,3′- dipropylthiadicarbocyanine iodide [DiSC3(5)] 
and 190 μL of bacterial suspension. After that, 10 μL of MPX (1 
MIC, 2 MIC, 4 MIC) was mixed with the suspension of bacteria 
and dye of each well. In this experiment, ddH2O was used as the 
control. Fluorescence intensity was measured at 622 nm excita-
tion wavelength and 670 nm emission wavelength for 10 min us-
ing an INFINITE M PLEX microplate reader (Konai M.M. et al., 
2014). 

The effect of MPX on the inner membrane of E. coli. 
Briefly, The mid-log phase of E. coli were separately cen-

trifuged (8000rpm, 5 min), washed and resuspended in a 1:1 ratio 
of 5 mM glucose and HEPES buffer (pH = 7.4). The working con-
centration of E. coli was 1x108 CFU/mL. After that, 190 µL of bac-
terial suspension containing 10 µM propidium iodide (PI) was 
added to the well of a black Corning 96-well plate with a clear 
bottom. Next, 10 µL of MPX (1 MIC, 2 MIC, 4 MIC) was added to 
the wells containing dye and bacterial suspension. The control 
was ddH2O. An excitation wavelength of 535 nm and emission 
wavelength of 617 nm were used to monitor the PI fluorescence 
for 10 min using an INFINITE M PLEX microplate reader (Ghosh 
C. et al., 2016). 

Detection of MPX to inhibit E. coli from forming biofilms. 

The ability of MPX inhibited E. coli biofilm formation was 
tested according to the reference (Grasteau A. et al., 2011) In a 
96-well polystyrene microtiter plate, the overnight cultured E. coli 
was inoculated into 100 uL of LB liquid medium according to the 
amount of 1%, and different concentrations of MPX (0.5 MIC, 1 
MIC, 2 MIC, 4 MIC); ddH2O is used as a negative control. Place 
the culture plate in a 37°C incubator for 24 h. Aspirated and dis-
carded the culture supernatant. Washed each well with 200 uL 
sterile PBS 3 times; fixed with 70% methanol for 30 min; aspirated 
and discarded the fixative at 37°C dry in the incubator for 30 min; 
added 100 uL of 1% Hucker crystal violet staining solution to each 
well, and stained for 5 min at room temperature; removed the 
staining solution, and rinsed the culture plate under a slow stream 
of water until the flowing water was colorless; After the oven was 
dried, placed it under a microscope for observation; then added 
100 uL of 70% ethanol solution to each well for decolorization, 
vortex and mix, and quickly placed it in a multifunctional micro-
plate reader to determine the absorbance value of OD570 (Gras-
teau A. et al., 2011). 

Scanning electron microscope observed the formation of 
biofilm. 

After culturing the E. coli overnight, diluted it with fresh LB 
liquid medium by 100 times, transfer it to a 6-well cell plate with 
sterile glass slides, add 500 uL bacterial solution to each well, 
added MPX (1 MIC), ddH2O as negative control. After 24 h of 
incubation in a constant temperature incubator at 37°C, slowly 
removed the cell culture solution and rinsed with sterile saline for 
3 times to wash away floating bacteria. Add 300 uL of 2.5% glu-
taraldehyde solution to each well. After fixation at room tempera-
ture for 30 min, rinsed with pH=7.4 phosphate buffer for 3 times, 
with an interval of 10 min each time. 30%, 50%, 70%, 80%, 90%, 
95%, 100% alcohol gradient dehydration respectively, each time 
interval of 15 min. After the slides are dry, observe the formation 
of biofilm under scanning electron microscope (Wang L. et al., 
2020). 

Statistical analyses. 
GraphPad Prism 8.0 software to perform data statistics 

and difference analysis of experimental results (One-Way 
ANOVA or Two-Way ANOVA). P≤0.05 is considered as signifi-
cant difference (*P <0.05; **P <0.01; * ** P <0.001). 

Results. 
MPX bactericidal activity detection results. 
The antibacterial activity of MPX against E. coli was de-

tected by double-layer agarose amplification. It was found that 
MPX could effectively inhibit the growth of E. coli at 1 mg/mL, and 
the size of the antibacterial ring was equivalent to that of Enro 
(1 mg/mL). The negative control has no antibacterial activity. In 
addition, a modified micro broth dilution method was used to de-
termine the minimum inhibitory concentration of MPX against E. 
coli 31.25 ug/mL. In order to test the bactericidal activity of the 
antimicrobial peptide MPX against E. coli, the OD600 value of the 
bacterial culture was measured, and it was found that the OD600 
of the bacterial culture solution decreased to 0.1 after the antimi-
crobial peptide MPX acted on for 6 h, which was significantly 
lower than that of the control group (Figure 1 A, p<0.01)). The 
bactericidal activity of MPX against E. coli was measured by a 
plate counting method. It was found that MPX showed an MIC-
dependent increase in the bactericidal efficiency of E. coli. The 
number of bacteria was significantly reduced (Figure 1B). 
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Fig. 1 The bactericidal activity detection of MPX in vitro. 
A. The E.coli OD600 detection after treatment with MPX;  

B. The E.coli plate count detection after treatment with MPX;  
C. The effect of MPX on E. coli was detected by scanning electron microscope. 

 

Scanning electron microscope was used to observe the 
effect of MPX on the morphology of E. coli. The results showed 
that the negative control E. coli has a full morphology, large cells, 
and a smooth surface. After MPX (1 MIC) treatment for 2 h, the 
cells became significantly smaller, resulting in leakage of bacte-
rial contents (Figure 1C). The above results all indicate that MPX 
can effectively kill E. coli in vitro. 

The effect of pH and temperature on the antibacterial ac-
tivity of MPX. 

In order to study the effect of pH and temperature on the 
antibacterial activity of MPX, the antibacterial radius method was 

used to determine the antibacterial activity of MPX on E. coli at 
different pH values and temperatures. As shown in Figure 2A, the 
pH in the range of 2-9 has no effect on MPX activity. When 
pH>10, the antibacterial activity of MPX decreases, indicating 
that the activity of MPX was stable compared in acidic and weakly 
alkaline environments. The MPX was subjected to different tem-
perature treatments, and the highest temperature reached 
100°C. It was found that the temperature had no effect on the 
antibacterial activity of MPX, indicating that MPX has good ther-
mal stability (Figure 2B). 

 

 
Fig. 2 The effect of pH and temperature on MPX. 

A. The effect of pH on MPX; B. The effect of temperature on MPX. 
 

The effect of ions on the antibacterial activity of MPX. 
In order to study the effect of different salt ions on the 

activity of MPX after treating with MPX at different concentrations 
of cations Na+, K+, Mg2+, Ca2+, it was found that cations Na+, K+ 
had no effect on the antibacterial activity of MPX, while cationic 

Mg2+ and Ca2+ had effect on MPX activity (Figure 3A-D). It is spec-
ulated that the presence of cationic Ca2+ leads to changes in the 
secondary structure of MPX, thereby affecting its antibacterial ac-
tivity. 
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Fig. 3 The effect of cations Na+, K+, Mg2+, Ca2+ on the activity of MPX. 

А. The effect of cations Na+ on the activity of MPX; B. The effect of cations K+ on the activity of MPX;  
C. The effect of cations Mg2+ on the activity of MPX; D. The effect of cations Ca2+ on the activity of MPX. 

 

Bacterial permeability of MPX. 
In order to study the permeability of antimicrobial peptide 

MPX to E. coli strains, BCA protein content determination and 
immunofluorescence observation was used in this study and 
found that the protein content in supernatant of E.coli was signif-
icantly higher than that of the control group after the action of 
MPX treatment for 3 hours (Figure 4A), The protein content is 
significantly higher than MPX (1 MIC) after treatment with MPX 
(2 MIC), and the effect of MPX on E. coli is positively correlated 
with the concentration. Fluorescence microscope used SYTO 
9/PI (Properly mix SYTO 9 and PI staining, bacteria with intact 
cell membranes are stained fluorescent green, while bacteria with 
damaged cell membranes are stained fluorescent red). Com-
pared with the control group, the integrity of the cell membrane 
was damaged after MPX (2 MIC) treatment, PI entered into the 
bacterial cells, and the number of dead bacteria increased signif-
icantly. The effect was significantly better than that of MPX 1MIC, 
and it was consistent with the BCA protein content determination 

results. MPX exerts its bactericidal function by changing the per-
meability of bacteria. 

The permeability of MPX to the outer membrane of E. coli 
was measured by NPN uptake assay. NPN is a neutral hydropho-
bic fluorescent probe, which is usually excluded by the outer 
membrane, but the fluorescence intensity increases when it en-
ters the outer membrane. As shown in Figure 4C, MPX rapidly 
penetrated the outer membrane of E. coli in a concentration-de-
pendent manner, which could be observed by the increase in 
NPN fluorescence. MPX could penetrate the outer membrane of 
E. coli even at a concentration of 1 MIC in a dose-dependent 
manner. 

PI was used to determine the permeability of MPX to the 
inner membrane of E. coli. Due to its strong binding to bacterial 
DNA, the fluorescence of PI increases when it enters the dam-
aged bacterial cell. After E. coli treatment with MPX, the PI fluo-
rescence intensity was significantly increased, and the fluores-
cence signal intensity increased in a concentration-dependent 
manner (Figure 4D). 
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Fig. 4 The effect of MPX on the permeability of E. coli. 

A. The results of total protein in E.coli bacterial supernatant after MPX treatment;  
B. The effect of MPX on the permeability of E. coli was observed by immunofluorescence;  

C. Detection of NPN fluorescence after MPX treatment with E. coli;  
D. Detection PI of fluorescence after MPX treatment with E. coli;  

E. Detection of DISC3(5) fluorescence after MPX treatment with E. coli. 
 

The effect of MPX on the depolarization of E. coli cyto-
plasmic membrane was observed. Membrane-potential sensitive 
dye 3,3′-dipropylthiadicarbocyanine iodide [DiSC3(5)] was used 
for this study. Under the normal potential on the cell membrane, 
DiSC3 (5) dye is distributed inside and outside the bacterial cell. 
Therefore, the initial fluorescence intensity of the dye decreases 
due to its "self-quenching" within the bacterial cell. After treatment 
with drugs that affect the normal membrane potential, the release 
of the dye in the external medium increases, which in turn leads 
to an increase in fluorescence intensity. After adding different 
concentrations of MPX (1MIC, 2 MIC, 4 MIC), it was found that 
the fluorescence intensity of E. coli increased with the increase of 
the concentration of MPX (Figure 4E). This result showed that 
MPX had a significant effect on the normal membrane potential 
of E. coli. 

The effect of MPX on E. coli biofilm formation. 
The formation of E. coli biofilm plays an important role in 

its virulence and drug resistance. Therefore, this study first 
adopted the crystal violet method to study the effect of MPX on 
the biofilm formation of E. coli. The results showed that compared 
with the control group, MPX (1 MIC) could reduce the formation 
of E. coli biofilm in a dose-dependent manner, and MPX (4 MIC) 
had the best effect (Figure 5A). Furthermore, after using 70% al-
cohol to dissolve the crystal violet, the absorbance value was 
measured with an OD570 spectrophotometer, compared with the 
control group, MPX significantly reduced the absorbance value of 
the E. coli biofilm (Figure 5 B). 

Scanning electron microscope was used to observe the 
effect of MPX (1 MIC) on the biofilm of E. coli, which resulted in a 
loose structure, reduced bacterial adhesion, and an increase in 
the gap between bacteria. While control group formed dense bio-
film with small gaps between bacteria (Figure 5). The above re-
sults indicate that MPX can significantly inhibit the formation of E. 
coli biofilm. 

 

 
Fig. 5 The effect of MPX on the formation of E.coli biofilm. 

A. The effect of MPX on E. coli biofilm by crystal violet staining; B. OD570 detected the effect of MPX on E. coli biofilm;  
C. The effect of MPX on the biofilm formation of E. coli by scanning electron microscope. 
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Discussion and Conclusion 
In recent years, the unreasonable use of antibiotics has 

led to an increase in the resistance of E. coli. Therefore, there is 
an urgent need to find alternatives to antibiotics. Amphaiphan C 
and others isolated E. coli from dogs and cats suffering from uri-
nary system diseases, and tested for drug sensitivity, and found 
that the resistance of E. coli was 16.7% (Amphaiphan C. et al., 
2021) Fayemi OEFrom et al from 180 samples of fresh beef and 
meat products detected that 61 samples contained different sero-
types of E. coli.  

The resistance analysis of the isolated E. coli O157:H7 
showed that 23.6% resistance of STEC serotype (Fayemi O.E. et 
al., 2021) Sarjana Safain K et al determined the spectrum of AMR 
and associated genes encoding aminoglycoside, macrolide and 
β-lactam  classes of  antimicrobials  in  bacteria  iso-
lated  from  hospitalized  patients  in  Bangladesh, found that 
53% of isolates  were multidrug-resistant  (MDR),  includ-
ing  97% of  E. coli (Sarjana S.K. et al., 2021). 

Shin H et al isolated high level carbapenem and exten-
sively drug resistant (XDR) strain N7 of E.coli, which pro-
duces  a  variant  of  New Delhi  metallo-β-lactamase (NDM-5) 
from  the  influent  of  the  Jungnang  wastewater  treat-
ment  plant  located  on  Han River,  Seoul,  South Ko-
rea  N7,  which  harbors  the  gene,  showed  high  level  of  car-
bapenem  resistance  at concentrations  of doripenem (512 mg/L) 
and meropenem (256 mg/L), and  XDR  to 15 antibiotics (Shin H. 
et al., 2021).  

The above results indicate that E. coli has high resistant 
to antibiotics, and there is an urgent need to find the best alterna-
tive to antibiotics against E. coli infection. This study found that 
MPX has good antibacterial activity against E. coli, with a mini-
mum inhibitory concentration of 31.25 ug/mL and has no drug re-
sistance, indicating that MPX is expected to become one of the 
antibiotic alternatives for the treatment of E. coli infections.  

The formation of bacteria biofilm leads to an increase in 
bacterial resistance. Morroni G et al. found that the antimicrobial 
peptide LL-37 has good antibacterial activity against multi-drug 
resistant E. coli, and MIC and sub-MIC concentrations of LL-37 

were able to reduce E. coli biofilm formation (Morroni G. et al., 
2021) Vergis J et al found that the antimicrobial peptide Lactofer-
ricin (17-30) has good antibacterial and anti-biofilm activity 
against multi-drug-resistant Enteroaggregative Escherichia coli, 
and Lactoferricin (17-30) significantly reduced the formation of E. 
coli biofilm (Vergis J. et al., 2020) Mishra BE et al found that an-
timicrobial peptide WW298 could effectively inhibit the MRSA at-
tachment and disrupt its preformed biofilms more effectively than 
daptomycin (Mishra B. et al., 2020). Liu Ye et al found that tryp-
tophan-rich amphiphilic peptide termed WRK-12 significantly in-
hibited the formation of biofilm in a dose-dependent manner, es-
pecially multidrug-resistant (MDR) bacteria particularly Gram-
negative bacteria (Liu Y. et al., 2020) This study found that MPX 
(1 MIC) significantly inhibited the formation of E. coli biofilm, indi-
cating that antibacterial peptides have a good antibacterial biofilm 
formation effect, which lays the foundation for the development of 
antibacterial biofilm formation drugs. 

In summary, the above results show that MPX has a good 
killing effect on E. coli and the stability was less affected by tem-
perature, pH, and ions. In addition, MPX could significantly inhibit 
the formation of E. coli biofilms. This research provides a theoret-
ical basis for the development of new drugs against E. coli infec-
tion. 
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Механізм дії антимікробного пептиду MPX проти ентерогеморрагічної Escherichia coli in vitro 
Метою нашої роботи було дослідженні механізму протимікробного пептиду MPX проти кишкової палички in vitro. 

Дослідження проводили в лабораторії безпеки та якості продуктів тваринництва Сумського НАУ, факультету ветери-
нарної медицини, Суми, Україна та на базі Науково-технічного інституту Хенань, Сіньсян, Китай. Кишкова паличка - фа-
культативна анаеробна бактерія, яка в основному існує в шлунково-кишковому тракті людей і тварин, колонізується в 
тонкому кишечнику, що зазвичай пов’язано з гострою секреторною діареєю. Це може спричинити діарею, ентерит, руй-
нування кишкового бар’єру господаря та кишкові мікроекологічні порушення. В останні роки через зловживання традицій-
ними антибіотиками безліч резистентних штамів та супер бактерій з’явилися у незліченній кількості. Тому існує нагальна 
потреба у пошуку нових альтернатив антибіотикам. Антимікробні пептиди - це тип малих пептидів, що утворюються, 
коли організми протистоять вторгненню чужорідних мікроорганізмів. Вони вважаються найкращою альтернативою ан-
тибіотикам, яка за останні роки стала точкою досліджень. Антимікробний пептид MPX витягується з отрути оси і має 
хороший бактерицидний ефект відносно багатьох бактерій. Було джосліджено вплив MPX проти кишкової палички. 
Функцію MPX проти кишкової палички визначали за допомогою MIC, кількості пластин, йодиду пропідію, тесту проникності 
NPN та DiSC3 (5), спостереження з використанням імунофлуоресцентного мікроскопу та впливу стабільності MPX за 
температури, рН, іона. У цьому дослідженні виявили, що MPX має хорошу антибактеріальну активність щодо кишкової 
палички, а мінімальна інгібуюча концентрація (MIC) становила 31,25 мкг / мл. Дослідження бактерицидної кінетики MPX 
показало, що MPX мав хорошу бактерицидну активність протягом 6 годин. Дослідження проникності бактерій показали, 
що MPX може збільшити проникність бактерій, що призведе до збільшення вмісту білка в супернатанті бактерій. Крім 
того, результати NPN, PI та DiSC3 (5) показали, що значення флуоресценції позитивно корелювало з MPX. Тест на 
стійкість MPX виявив, що іони солі, температура, рН тощо мають незначний вплив на його вплив. Крім того, результати 
скануючої електронної мікроскопії показали, що бактерій стало менше, а вміст витік після дії MPX. Наведені вище резуль-
тати показали, що MPX має хорошу бактерицидну активність in vitro, закладаючи основу для розробки нових препаратів 
для лікування бактеріальних інфекцій. 

Ключові слова: MPX, бактерицидна активність, антимікробні пептиди, резистентні штами 
 

  


