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Abstract: In this study, small antimicrobial peptides of <10 kDa (AMPs) from Moringa oleifera L were separated from 
crude protein by Ultra-15 Centrifugal filter devices and partially purified. The potency of morintides to interfere with the 
virulence determinants like biofilms, siderophores and elastase of selected bacteria was investigated by 
spectrophotometric method and Pseudomonas quinolone signal (PQS) by Thin-layer chromatography (TLC). GraphPad 
Prism 5.0 was used for statistical purpose. Assays were subjected to a two-way analysis of variance with Bonferroni as 
post-test. Shigella flexneri, Klebsiella pneumoniae, Escherichia coli and Staphylococcus aureus, showed a decrease in 
the attachment of cells to form biofilm in the presence of the morintides. While Pseudomonas aeruginosa and 
Salmonella typhi showed an increase in the attachment of cells to form biofilms. Morintides were very effective in the 
disruption of developed biofilms in cases of S. aureus, E. coli, K. pneumoniae from surgical wounds and S. flexneri, 
while others remained ineffective in the disruption of developed biofilms. Siderophore production was decreased by all 
bacterial strains under investigation in the presence of morintides except P. aeruginosa. The outcome of the research 
may have a significant contribution to drug discovery against antibiotic resistant biofilms of bacteria. 
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INTRODUCTION 
 
Bacterial infection is the main reason for mortality, 
especially in developing countries, where wound damages 
are massively increasing day by day due to gunshot, bomb 
blasts, road accidents and earthquakes. Wounds provide a 
beneficial environment for bacteria to grow, nourish and 
colonize (Waheed et al., 2022). One major cause of 
increased resistance to wounds, either burn or surgical, is 
the development of biofilms which are bacterial 
communities attached to a solid surface and create a 
mesh-like appearance. The biofilms secrete several 
polymeric substances and are adherent to each other along 
with the solid surface (Onsare et al., 2014). Biofilms are a 
thousand times more resistant than commonly found 
bacterial strains. These biofilms cause several chronic 
infectious diseases i.e. kidney stones, lung infections and 
bacterial endocarditis and often get worse leading to the 
death of most of the patients and hence the survival rate is 
decreased (Khalid et al., 2018). Pseudomonas aeruginosa, 
Staphylococcus aureus, Klebsiella pneumoniae and Vibrio 
cholera are notorious for the formation of biofilms on 
mucosal and epithelial surfaces and are lethal for patients 
suffering from chronic diseases (Hall-Stoodley and 
Stoodley, 2005). 
 
Antimicrobial peptides (AMPs) are produced in various 
organisms as a defense against pathogens. The AMPs in 
plants generally have 10-50 amino acids with cationic 

charge, however, they differ significantly in structure and 
sequence. Moringa oleifera Lamark (Moringaceae) is a 
medicinal plant with almost all essential elements like 
minerals, amino acids, proteins, vitamins, growth factors 
and important ions like zinc, potassium and iron (Patil et 
al., 2022) and it has diverse bioactivities like antibiotic, 
antioxidant, anticarcinogenic, (Penalver et al., 2022 and 
Suhartono et al., 2019). However, little work has been 
reported on AMPs from M. oleifera. Here we report 
AMPs designated as morintides isolated from M. oleifera 
and their effect on bacterial quorum sensing mediated 
virulence factors. The findings of this work may lead to 
broad applications of morintides in the therapeutic and 
pharmaceutical industries against the problems of 
devastating antibiotic resistance. 
 
MATERIALS AND METHODS 
 
Bacterial strains 
Pure growth of each bacterial species listed in table 1 was 
tested for their purity by specific biochemical tests. 
Bacterial cultures were streaked on Luria Bertani agar 
(LB) (1% NaCl, 1% tryptone, 1.5% agar 0.51% yeast 
extract). Culture plates were incubated at 37ºC for 16h 
and were stored at 4ºC. Overnight growth of the culture 
was adjusted to 1x108 CFU/ml. 
 
Sample collection and identification of plant materials 
Leaves of Moringa oleifera L. were taken from the 
Botanical Garden of the University of the Punjab Lahore 
Pakistan. Identified and authenticated of the plant species *Corresponding author: e-mail: amerjamil@yahoo.com 
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was done by a taxonomist from Department of Botany, 
University of the Punjab Lahore. 
 
Extraction of proteins and peptides from Moringa 
oleifera L 
Fresh five kilogram leaves of Moringa oleifera L. were 
taken and washed with water, wrapped into aluminum 
foil, frozen into liquid nitrogen and then stored at -80°C 
till further analysis. Protein extraction was carried out 
with sodium phosphate buffer protocol with slight 
modifications (Khalid et al., 2018). Fresh cleaned leaves 
were ground in a pestle and mortar with liquid nitrogen to 
get 100 g fine powder. The fine powder was suspended in 
ice-cold 300ml of sodium phosphate buffer (15mM 
NaH2PO4, 10mM Na2HPO4, 2mM EDTA, 100mM KCl, 
1mM PMSF, 1.5% PVPP, 2mM thiourea). The sample was 
vortexed, incubated stirred at 4ºC for overnight and 
centrifuged at 10,000 rpm for 10 min at 4ºC. The 
supernatant was collected and filtered through Whatman 
filter paper 1 (pore size: 11 µm) at 4°C and then added to 
Amicon Ultra-15 Centrifugal filter devices, 10,000 Da 
MMCO (Millipore, UFC 9010024) (Thomas et al., 2017 
and Khalid et al., 2018). 80% saturation was performed 
with ammonium sulphate for partial purification on the 
filtrate and the supernatant separately, and then 
centrifuged at 10,000 rpm at 4°C for 15 min. Pellets were 
washed thrice with extraction buffer, air-dried and stored 
at 4°C. Partially purified filtrate represented <10 kDa 
peptides designated as morintides and the supernatant 
represented partially purified total protein. Protein content 
was estimated using Bradford reagent on OPTIMA SP-
300 spectrophotometer at 595 nm as described previously 
(Bradford, 1976). 
 
SDS-PAGE analysis 
Partially purified total protein (48µg) and partially 
purified morintides (11.2µg) were analyzed with SDS-
PAGE on resolving gel (12%) and stacking gel (5%) 
(Laemmli, 1970). 
 
Disc diffusion assay 
The antimicrobial activity of morintides was determined 
against each bacterial strain by the disc diffusion method 
(Khalid et al., 2018). The sterilized 6 mm filter paper 
discs (GE Healthcare Life Sciences, Whatman Grade A 
CAT No. 2017-006) were placed on agar in Petri plates 
and 7 µg morintides were applied to each disc. 20µl 
distilled water and 100µg ampicillin were used as a 
negative and positive control, respectively. The Petri 
plates were incubated overnight at 37ºC. Zones of 
inhibition were measured using a zone reader. Assays 
were performed in triplicates. 
 
Minimum inhibitory concentration (MIC) 
MIC of each bacterial strain was calculated by 
microdilution method as described by the Clinical and 
Laboratory Standards Institute (CLSI) in 24 well cell 

culture polystyrene plates (Wayne, 2018). Colony-
forming units (CFUs) were calculated by the disc 
diffusion method. Different concentrations of morintides 
viz 0, 1.75, 3.5, 7 and 14µg were used to inhibit S. aureus 
growth. Concentrations of morintides used were 0, 7, 14, 
28, 56 and 112µg against K. pneumoniae, P. aeruginosa 
and S. typhi. Concentrations of morintides used were 0, 
3.5, 7, 14, 28 and 56µg against S. flexneri and E. coli. The 
lowest concentration of morintides at which bacterial 
growth was visibly inhibited is considered MIC. 
 
Effect of Morintides on virulence determinants 
The effect of morintides on virulence determinants was 
conducted through biofilms, siderophores, elastase and 
Pseudomonas quinolone signal assays. 
 
Biofilm prevention potential of morintides 
Biofilm prevention potential of morintides was explored 
against all bacterial strains (Khalid et al., 2018). Sterile 
round plastic coverslips (ThermonaxR plastic coverslips of 
13 mm diameter) were developed by immersing in 
bacterial cultures in the presence or absence of morintides 
in 24 well-cell culture polystyrene plates. Each bacterial 
strain was studied at its respective MIC of morintides. 
Autoclaved water was used as the negative control. 
Biofilms were quantified by crystal violet stain (1%). 
Microscopic analysis of developed biofilms of each strain 
was done with a light microscope (Olympus UTR190, 
1X83) at 20 X resolution to compare morintides treated 
and control biofilms. Inhibition of initial cell attachment 
potential to cover slips to form biofilms by bacterial 
species has been expressed as % and it was calculated by 
using the following formula. 
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Biofilms disruption potential of morintides 
Biofilm disruption potential of morintides was explored 
against all bacterial strains (Khalid et al., 2018). Biofilms 
were developed for 16 h for each bacterial strain in the 
absence of morintides. After 16 h of development, each 
biofilm was taken out and transferred to another well of 
the cell culture plate. To 1ml autoclaved LB, morintides 
at MIC for each bacterial strain were added into each well 
of the plate. Autoclaved water was used as a negative 
control. Plates were placed in shaker incubator at 37ºC at 
60 rpm for 24h, 30h and 48 h separately. After 24, 30 and 
48h of incubation, growth of planktonic cells and biofilm 
quantification were observed after staining with crystal 
violet (1%). 
 
Siderophore assay 
Bacterial strains were grown in iron-limited M9 Minimal 
medium (0.3% KH2PO4, 0.6% Na2HPO4, 0.1% NH4Cl, 
0.05% NaCl). The media was autoclaved at 121 ºC for 15 
min, cooled at 55 ºC, then 0.1 mM CaCl2, 1 mM MgSO4, 

0.2% Glucose (w/v) (For P. aeruginosa 0.2% glycerol 



Qudsia Jaffar et al 

Pak. J. Pharm. Sci., Vol.35, No.4(Special), July 2022, pp.1159-1168 1161 

was added in the medium in place of 0.2% Glucose) were 
added as previously described (Miller, 1972). 
Siderophores production was measured using the 
previously described method with slight modifications 
(Ghosh et al., 2015). 1 ml overnight LB broth culture of 
each bacterial strain (1x108 CFU/ml) was centrifuged at 
10,000 rpm for 5 min to get pellets which were dissolved 
in M9 minimal medium OD600 =0.02-0.04 to make 
inoculum. 1ml of inoculum was added to each well of the 
polystyrene plates. Morintides were added at MIC for 
each bacterial strain. Autoclaved water was used as a 
negative control. Plates were placed in a shaker incubator 
at 37ºC overnight. After 24h, 1ml inoculum from each 
well was centrifuged at 10,000 rpm for 5 min. 100µl 
Chrome azurol sulfonate (CAS) reagent was added to 900 
µl supernatant. It was incubated at 37°C for 20 min. 
Absorbance was measured at 630 nm. 100µl CAS and 
900 µl of uninoculated M9 minimal medium were used as 
reference. M9 minimal medium was used as blank. 
Siderophore content was calculated using the following 
formula. 

100
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  units eSiderophor % 
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Where: 
Ar = Absorbance of reference at 630 nm, As = Absorbance 
of sample at 630 nm 
 
Elastin Congo red assay 
As only P. aeruginosa produces elastase enzyme, elastin 
Congo red assay was performed for P. aeruginosa 
MPAO1 as described previously (Alipour, 2010). 10mL 
LB broth was taken and inoculated with 100µL of 
overnight culture (1x108 CFU/mL). 1120µg morintides 
were added and kept in a shaker incubator at 37ºC for 12-
14h. Autoclaved water was used as a negative control. 
1mL culture was centrifuged at 6,000 g for 5 min. 100 µL 
supernatant was added in 2mL 10mM NaHPO4 and 30 mg 
Congo red dye and placed in a shaker incubator at 37ºC 
for 14h. Then, it was centrifuged at 6,000 g and 1mL 
supernatant was taken and its absorbance was measured at 
495 nm. NaHPO4 buffer was taken as blank. 
 
Pseudomonas Quinolone signal (PQS) detection 
P. aeruginosa quinolone signal (PQS) molecules were 
detected through thin layer chromatography (TLC) as 
described previously (Qaisar et al., 2013). Overnight 
culture of P. aeruginosa MPAO1 (1x108 CFU/ml) was 
sub-cultured into LB broth to OD 0.02. 112 µg 
morintides/ml of LB broth were added and then placed at 
37 °C in a shaking incubator for 16 h. Autoclaved water 
was used as a negative control. TLC plate was illuminated 
under UV light (365 nm) and photographed. 
 
Thermal and proteolytic enzyme stability assay  
To analyze the thermal stability of morintides, they were 
incubated at 50ºC, 70ºC and 100ºC for 30 min as 
described previously (Ebbensgaard et al., 2015). 

Unheated morintides were used as a negative control. To 
analyze the proteolytic stability of morintides, different 
concentrations of proteinase ‘K’ were incubated with 
morintides at ratios of (1: 100), (10: 100) and (15: 100) 
(w/w) as described previously (Ebbensgaard et al., 2015). 
100mM Tris HCl buffer of pH = 7.5 was used to maintain 
the ratio. Then the samples were incubated for 30 min at 
37ºC. Further incubation was done at 90ºC for 10 min to 
inactivate proteinase ‘K’. Disc diffusion assay was 
performed against S. aureus ATCC 25923 to evaluate the 
remaining antibacterial activities by measuring zones of 
inhibition with a zone reader. 
 
STATISTICAL ANALYSIS 
 
Each assay was performed in triplicate runs for each 
bacterial strain. GraphPad Prism (GraphPad Software, 
Version no. 5.0) was used as described previously 
(Kruczek et al., 2014) for statistical purposes. Assays of 
biofilms formation, siderophore production and elastin 
Congo red were subjected to a two-way analysis of 
variance (ANOVA) with Bonferroni post-test. Assays of 
thermostability and protease stability were subjected to 
one-way analysis of variance (ANOVA) with Tukey’s 
multiple comparison post-test. A comparison was done at 
0.05 level of significance to see a significant difference 
among the control and different treatments. 
 
RESULTS 
 
SDS-PAGE analysis of peptides 
SDS-PAGE analysis confirmed the protein nature of 
partially purified total proteins in lane 2 and one sharp 
isolated band in lane 3 depicted partially purified <10 kDa 
morintides from M. oleifera as shown in fig. 1. 
 
Disc diffusion assay and minimum inhibitory 
concentration (MIC) of morintides  
Antimicrobial susceptibility assays showed that all 
laboratory` strains and clinical isolates were sensitive to 
morintides. Morintides were most sensitive against S. 
aureus and S. flexneri, intermediary sensitive to E. coli, K. 
pneumoniae and S. typhi and less effective to P. 
aeruginosa. Laboratory strain of S. aureus showed growth 
inhibition even at low concentrations of morintides as 
compared to its clinical isolates of burn and surgical 
wounds. Bacterial growth was decreased by increasing the 
concentration of morintides for each bacterium. It was 
found that P. aeruginosa was resistant to the highest 
concentration of morintides (112µg) used in the 
investigation (table 2). 
 
Biofilm inhibition potential of morintides 
The prevention potential of morintides on initial bacterial 
cell attachment to form biofilms was compared with 
control. In the case of laboratory strains of bacteria, S. 
aureus showed a 4 X decrease in biofilm formation and a 
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5 X decrease in planktonic cells, while, there was a 2 X 
increase in biofilm formation and no effect on planktonic 
cells in case of P. aeruginosa in the presence of 
morintides. In the case of burn wound pathogens, S. 
aureus showed a 2 X decrease in biofilm formation as 
well as planktonic cells. K. pneumoniae also showed a 1.5 
X decrease in biofilm formation as well as planktonic 
cells, while, there was a 2 X increase in biofilm formation 
and no effect on planktonic cells by P. aeruginosa was 
found in the presence of morintides.  
 
In the case of surgical wound pathogens, S. aureus 
showed a 3 X decrease in biofilm formation as well as 
planktonic cells. Morintides caused a 2 X decrease in 
biofilm formation, as well as planktonic cells by K. 
pneumoniae while, a 2 X increase in biofilm formation 
was observed by P. aeruginosa. Among some other 
clinical isolates, S. flexneri showed a 3 X decrease in 
biofilm formation as well as a 2 X decrease in planktonic 
cells. In the case of S. typhi, there was a 2 X increase in 
biofilm formation and a 1.5 X decrease in planktonic 
cells. E. coli showed a 2 X decrease in biofilm formation 
as well as planktonic cells in the presence of morintides. 
Results of biofilm inhibition assays are shown in fig. 2 A, 
B, C and D. Inhibition of initial cell attachment to form 
biofilms has been expressed in percentage (fig. 3), which 
indicated that S. aureus suffered the most percent 

inhibition of initial cell attachment to form biofilms 
among all of them. Microscopic analysis has also 
confirmed these results of inhibition as compared to 
controls as shown in fig. 4 A, B, C and D. 

 

Fig. 1: SDS-PAGE analysis of protein and peptides 
extracted from M. oleifera. Lane 1 = Protein in crude 
extract, Lane 2 = Partially purified total protein, Lane 3 = 
Morintides, Lane 4 = Protein marker. 

Table 1: Bacterial strains used in the study 
 

Source of Isolation Bacterial Strains Location 
Pseudomonas aeruginosa MPAO1 University of Punjab 

Laboratory strains 
Staphylococcus aureus ATCC 25923 University of Health Sciences, Pakistan 
Staphylococcus aureus 
Klebsiella pneumoniae Burn wound pathogens 
Pseudomonas aeruginosa 

Burn Center, Jinnah Hospital, Lahore. 

Staphylococcus aureus 
Klebsiella pneumoniae Surgical wound pathogens 
Pseudomonas aeruginosa 

Laboratory of Microbiology, Allama Iqbal 
Medical College, Lahore. 

Other clinical isolates Salmonella typhi Escherichia coli University of Health Sciences Pakistan 
 
Table 2: MIC values of morintides against different strains of bacteria 
 

Groups Bacterial specie MIC (ug) 
Staphylococcus aureus ATCC 25923 3.5  

Laboratory strains Pseudomonas aeruginosa MPAO1 > 112 
Staphylococcus aureus 7.0 
Klebsiella pneumoniae 112 

 
Burn wound pathogens 

Pseudomonas aeruginosa > 112 
Staphylococcus aureus 7.0 
Klebsiella pneumoniae 112 

 
Surgical wound pathogens 

Pseudomonas aeruginosa > 112 
Escherichia coli 28 
Shigella flexneri 28 

 
Some other clinical isolates 

Salmonella typhi 56 
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Biofilm disruption potential of morintides 
It was concluded that S. aureus, K. pneumoniae from the 
surgical wound, E. coli and S. flexneri showed significant 
disruption of biofilm cells as compared to control biofilms 
during 24h of morintides treatment. After disruption, the 
bacterial cells were killed by morintides shown by a 
decrease in planktonic cells. Biofilm cells of K. 
pneumoniae from burn wounds, P. aeruginosa and S. 
typhi showed no disruption effects during 24h of 
morintides treatment indicating that pre-developed 
biofilm cells of these bacteria were resistant against 
morintides. After 24h of incubation, there was a reduction 
in biofilm formation by all bacterial species in morintides 
treated samples and controls. At a later time point after 48 
h of incubation, disruption in biofilm cells was more 
pronounced indicating that biofilm cells became 
weakened probably due to a decline in the nutrients in the 
culture medium. The biofilm disruption potential of 
morintides is shown in fig. 5 A, B, C and D. 
 
Siderophore assay 
It was observed that siderophore production was 
decreased by almost 2 X by all bacterial strains under 

investigation in the presence of morintides except P. 
aeruginosa, which showed no effect on siderophores 
production in the presence of morintides as shown in fig. 
6 A, B, C and D. 

 

Fig. 3: % Inhibition of initial cell attachment of (A) S. 
aureus ATCC25923, (B) S. aureus from burn wound, (C) 
K. pneumoniae from burn wound, (D) S. aureus from the 
surgical wound, (E) K. pneumoniae from the surgical 
wound, (F) E. coli and (G) S. flexneri by morintides. Bars 
represent values of mean ± SEM (n = 3). 

 

Fig. 2: Effect of morintides on biofilm formation of row (A) = laboratory strains of bacteria (a): S. aureus ATCC 25923 
and (b): P. aeruginosa MPAO1, row (B) = Burn wound pathogens: (a) S. aureus, (b) K. pneumoniae and (c) P. 
aeruginosa, row (C) = Surgical wound pathogens: (a) S. aureus, (b) K. pneumoniae and (c) P. aeruginosa, row (D) = 
Some other clinical isolates of bacteria: (a) E. coli, (b) S. flexneri and (c) S. typhi. Bars represent values of mean ± SEM 
(n = 3). ***P<0.001 indicates significant difference from control. **P<0.01 indicates significant difference from control 
Non-significant (ns) difference from control indicates P>0.05. 
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Fig. 4: Qualitative analysis of biofilms of (A) laboratory strains of bacteria, (B) burn wound pathogens, (C) surgical 
wound pathogens and (D) some other clinical isolates by light field microscope. Lane a = Control (morintides untreated 
biofilms), Lane b = morintides treated biofilms. 

 
Fig. 5: Effect of morintides on pre-developed biofilms of row (A) = laboratory strains of bacteria (a): S. aureus ATCC 
25923 and (b): P. aeruginosa MPAO1, row (B) = Burn wound pathogens: (a) S. aureus, (b) K. pneumoniae and (c) P. 
aeruginosa, row (C) = Surgical wound pathogens: (a) S. aureus, (b) K. pneumoniae and (c) P. aeruginosa, row (D) = 
Some other clinical isolates of bacteria: (a) E. coli, (b) S. flexneri and (c) S. typhi. 
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Elastin Congo red assay and pseudomonas quinolone 
signal (PQS) detection 
It was observed that morintides did not block the 
production of elastase and PQS in P. aeruginosa as shown 
in fig. 7 A and B. 

Thermostability and Protease stability assays 
Antibacterial activities of heat-treated morintides were not 
significantly reduced as compared to control (native 
morintides), which demonstrates that morintides were not 
affected as they were stable even at high temperatures up 

 

Fig. 6: Effect of morintides on siderophores production by (A) = laboratory strains of bacteria, (B) = burn wound 
pathogens, (C) = surgical wound pathogens and (D) = some other clinical isolates of bacteria. Bars represent values of 
mean ± SEM (n = 3). ***P<0.001 indicates significant difference from control. Non-significant (ns) difference from 
control indicates P>0.05. 

 

Fig. 7: (A) Effect of morintides on elastase production of P. aeruginosa MPAO1. Non-significant (ns) difference from 
control indicates P > 0.05. (B) Effect of morintides on PQS production in P. aeruginosa MPAO1 through TLC. Lane 1 
= PQS standard, Lane 2 = Control strain of P. aeruginosa MPAO1 cultures grown in the absence of morintides. Lane 3 
= P. aeruginosa MPAO1 cultures treated morintides, (C) Comparison of antibacterial activities of different heat-treated 
and non-heat treated morintides against S. aureus. Control = Heat untreated morintides. Non-significant (ns) difference 
from control indicates P-value >0.05. (D) Comparison of antibacterial activities of different concentrations of 
proteinase ‘K’ treated and non-treated morintides against S aureus. Bars represent values of mean ± SEM (n = 3). 
Control = Proteinase untreated morintides. **P<0.01 and *P<0.05 indicate significant difference from control. 
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to 100°C for 10 min. It was observed that about 85% of 
antibacterial activity of the morintides remained stable 
and only 15% activity of morintides was lost when 
subjected to proteinase ‘K’ digestion at (100: 1), which 
was further decreased by 20% by treating the peptide with 
proteinase ‘K’ (100: 10). No further decrease in activity 
was observed when peptides were treated at higher 
concentrations (100: 15). It means that morintides were 
sensitive up to some extent to proteinase ‘K’ digestion 
beyond which they resisted digestion and remained 
structurally intact (figs. 7 C and D). 
 

DISCUSSION 
 
When bacterial cell population density increases, bacterial 
cells release some signaling molecules into the 
environment for intercellular communication which are 
regulated through a circuit known as the quorum sensing 
(QS) system that controls the gene expression (Lamin et 
al., 2022). These signaling molecules are known as 
virulence determinants which are required by bacteria for 
their pathogenesis including biofilm formation, 
siderophores, elastase and pseudomonas quinolone signals 
production (PQS) (Suhartono et al., 2019). These QS 
signals of bacteria can be decreased or quenched by 
giving stress in the form of different chemicals or 
antibiotics to reduce the bacterial pathogenesis. In the 
present study, morintides were isolated from Moringa 
oleifera in search of novel drugs from natural sources to 
reduce the bacterial pathogenesis by quenching QS 
signals. In the present study, morintides were found to be 
sensitive to all bacterial strains under investigation except 
P. aeruginosa, which was resistant to the highest 
concentration of morintides (112µg) used in the 
investigation. It may be possible that the concentration of 
morintides investigated more than that may have growth 
inhibitory effects against P. aeruginosa. Chandrashekar et 
al. (2021) also used <3 kDa bioactive peptides from M. 
oleifera purified protein to inhibit the growth of E. coli, S. 
flexneri, S. aureus, S. typhi and K. pneumoniae. M. 
oleifera leaf extract in very high concentration was used 
in another study by Fadeyi et al. (2015) to inhibit the 
growth of E. coli and S. aureus as compared to morintides 
used in the present study. So, it was concluded that 
purified morintides from M. oleifera in the present study 
were much more effective as compared to leaf extract 
comprising a mixture of compounds from M. oleifera. In 
another study by Tavares et al. (2012), Pg AMPs were 
used in very high concentrations to inhibit the growth of 
E. coli and S. aureus. 
 
Aqueous extracts from Moringa peregrine inhibited the 
formation of biofilms by S. aureus, P. aeruginosa, K. 
pneumoniae, E. coli and S. typhi in the previous 
investigations (Alhusnan LA and Alkahtani, 2016). In this 
study significant biofilm prevention potential was 
observed by morintides extracted from M. oliefera which 
indicated the fact that morintides might contain the 

properties which disrupt the quorum-sensing pathway 
leading to up or down regulation of biofilm-forming 
genes. Stronger anti-biofilm effects were observed by S. 
aureus and K. pneumoniae from surgical wound 
pathogens as compared to these bacterial strains from 
burn wound pathogens indicating that surgical wound 
pathogens were more sensitive than burn wound 
pathogens against morintides. A similar trend of results 
was also reported in a previous study in which surgical 
wound pathogens were found to be more sensitive than 
burn wound pathogens against morintides isolated from 
Peganum hermala (Khalid et al., 2018). MIC values 
against S. aureus resulted in this study were much low as 
compared to flavonoids isolated from M. oleifera in a 
previous study in which stronger anti-biofilm effects were 
observed with flavonoids extracted from M. oleifera 
against S. aureus and P. aeruginosa (Onsare and arora, 
2014). It may be due to the much higher concentration of 
flavonoids used as compared to morintides in the present 
study. Some compounds in the ethanolic extract from M. 
oleifera were sensitive as against Pseudomonas 
aeruginosa in a previous study (Suhartono et al., 2019). 
Significant antibiofilm effects of some compounds 
present in methanol extract from Mangifera indica were 
also found against Pseudomonas aeruginosa in another 
investigation (Husain et al., 2017). The same reason for 
very high concentration or synergistic effect of 
antibiofilm compounds in methanol/ethanol extracts could 
be responsible here. 
 
The results of inhibition of biofilms were encouraging. 
So, morintides were applied on pre-developed biofilms. 
Pre-developed biofilms of S. aureus species showed the 
highest sensitivity to morintides among all bacterial 
species under observation. It was observed that morintides 
were ineffective in disruption of developed biofilms in the 
case of P. aeruginosa, K. pneumoniae from burn wound 
and S. typhi. These results were in line with a previous 
investigation performed by Nidadavolu  et al. (2012) in 
which the garlic extract was found to be only effective in 
the disruption of pre-developed biofilms of S. aureus 
(Gram-positive bacteria) but remained ineffective to 
disrupt the established biofilms formed by K. pneumoniae 
(Gram-negative bacteria). It might be possible that 
biofilms developed by Gram-negative bacteria were more 
resistant due to more self-protected substances released 
by these bacteria as compared Gram-positive bacteria. 
The resistance might have been observed due to the fact 
that the applied concentration of morintides was 
insufficient to disrupt the pre-developed biofilms or it 
might be possible that morintides could not diffuse the 
matrix of pre-developed biofilms, therefore, bacterial cells 
remained unexposed to morintides. It might be possible 
that higher concentration or more contact time with 
morintides was required to disrupt the developed biofilms 
of these bacterial species. The same kind of ineffective 
disruption of biofilms was observed by Simoes et al. 
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(2011), when disinfectants were used to treat pre-
developed biofilms of Pseudomonas fluorescens. So, it 
was observed that disinfectants did not penetrate the 
matrix of biofilms and were left on the surface leaving the 
microbe untreatable for disinfectant. A previous study 
performed by Onsare and Arora (2014) also concluded 
that there was no single compound that could absolutely 
control biofilms. Results of biofilm disruption potential 
by morintides were somewhat encouraging relative to the 
level of inhibition. Hence, morintides can be used as 
broad-spectrum anti-biofilm agents. Morintides from the 
present study were very effective against siderophore 
inhibition by all bacterial strains under investigation 
except P. aeruginosa. So it was assumed that morintides 
might interfere with the regulation of the operon system 
for siderophores leading to their decreased production. 
However, inhibitory effects of ZnSO4 and CoCl2 on 
siderophores production were observed by P. and 
enhanced production of siderophore was found by B. 
subtilis at the same concentrations of ZnSO4, CoCl2 and 
streptomycin in another study performed by Erdem et al. 
(2016). It was observed that morintides did not affect 
siderophores and elastase production and PQS system of 
P. aeruginosa may be due to the low concentration of 
morintides investigated against P. aeruginosa or the 
presence of a versatile type of antibiotic-resistant 
mechanisms in P. aeruginosa as demonstrated in a 
previous study (Cummins et al., 2009). However, down-
regulation of the genes involving elastase production from 
herbal extracts prepared from Lagerstroemia speciosa by 
P. aeruginosa was observed in a study performed by 
Singh et al. (2012) and up-regulation of PQS production 
by P. aeruginosa in the presence of ‘Colistin’ (an AMP) 
was found in the previous investigations of Cummins et 
al. (2009). Previous studies reported that peptides from 
M. oleifera were among the most stable biologically 
active peptides even at high temperatures and protease 
treatments, which justifies the results of the present study. 
Results of protease stability and proteinase digestion 
assay of the present study correlate with the findings in a 
previous study by Kini et al. (2017) in which >95% 
structural stability of a peptide (4.5 kDa) isolated from M. 
oleifera was maintained even when it was heated for 1 
hour at 100°C and also when it was digested with pepsin 
and carboxypeptidase A at peptide to enzyme ratio (w/w) 
20: 1 and 50: 1 respectively, for up to 6h. The same 
findings were observed in previous investigations of 
Cammue et al. (1992) that antifungal activities remained 
stable of peptides from Mirabilis jalapa when heated up 
to 100°C for 10 min even when digested with proteinase 
‘K’. However, our results were comparable to a previous 
study by Rehman and Khanum (2011) in which peptides 
isolated from Pisum sativum were completely inactivated 
when heated at 50°C or digested by proteinase ‘K’. 
Resistance to protease treatments might be due to some 
specific type of peptides present in high concentrations 
which resist digestion to proteinase ‘K’. For example, 

protease inhibitor types II and I were reported in 
Solanaceae (Chye et al., 2006) and peptidic proteinase 
inhibitors were found in Asteraceae, Fabaceae and 
Poaceae family of plants (Sarkar, 2009). 
 
CONCLUSION 
 
Our study shows the importance of the development of 
novel AMPs from natural as well as economic source. 
This was the first study in which the effect of morintides 
from M. oleifera was studied on biofilms which are much 
more resistant to antibiotics. Inhibition of attachment of 
cells to abiotic surfaces could be a first step combating 
highly resistant biofilms of these bacterial species. Our 
results demonstrate that morintides have high antibiofilm 
potential as compared to other already reported 
phytochemicals extracted from M. oleifera. It could be a 
promising futuristic antivirulent bioactive agent. 
Moreover, co-application of these peptides with existing 
antimicrobial agents can be a breakthrough in drug 
discovery against the antibiotic resistance menace. 
Further studies about molecular mechanism involving QS 
interruption by morintides are needed. 
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