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Abstract:  

Background: A major cause of economic losses, in the medical implant sector has been bacterial 

biofilms due to their abilities to persist on various surfaces and their tolerance against endogenous 

defences, antibiotics, or other anti-microbial agents. The quest for potential sources causing 

inhibition or disruption of bacterial biofilms has been taken up to alleviate the loss. Plant-derived 

extracts such as essential oils, bioactive compounds and other solvent extracts are regularly being put 

to use instead of antibiotics and other synthetic compounds as they are safer, economical, and in 

many instances, have an elaborate history of traditional medicinal usage.  

Objectives: As a plant that has been traditionally used over the centuries, the Moringa oleifera Lam., 

or more commonly the drumstick tree, is being tapped for myriad pharmaceutical applications. The 

protein-rich leaf of this tree has not only proved to be of great nutritional value, but also divulged 

numerous potential therapeutic applications.  

Methods: While reports of proteinaceous components are rare, here we report the efficacy of the 

aqueous extract of the leaf of M. oleifera and a 62 kDa protein component in the disruption of 

staphylococcal biofilms, which are largely implicated in nosocomial infections.  

Results and Conclusion: The application of the M. oleifera leaf extract protein had a marked effect 

on the biofilm growth or formation by Staphylococcus aureus. While the crude extract itself showed 

considerable disruption of biofilm formation, the application of the purified protein obtained after a 

two-step process led to a significant increase in the anti-biofilm activity. 
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1. Introduction: 

Associated with more than 80% of pathogenic infections [1], biofilms are sessile bacterial 

communities that grow in close association and adhere to any inert surface, epithelial layer or even a 

water interface. Adding to the complexity is the dense matrix of the biofilm, made of extracellular 

polymeric substance (EPS) or exopolysaccharide that provides a conducive environment for cell 

growth and enhanced tolerance [2]. Such biofilms have a mechanism to protect the community in it 

by allowing the release of efflux pumps and enzymes (like -lactamase) for expulsion or disruption 

of antibiotics from the cell [3, 4]. A number of gram positive and gram-negative bacteria form 

biofilms, of which Staphylococcus aureus and Pseudomonas aeruginosa are the most dominant, 

originating mostly as nosocomial infections via surgical implants, prosthetic valves and venous 

catheters [5-8].  

Plant-derived extracts like Piper longum against Streptococcus pyogenes [9], Terminalia catappa 

[10], Murraya koenigii and Euphorbia hirta against P. aeruginosa [11, 12], or Allium sativum 

against S. aureus [13], have had a long history of reported anti-bacterial activities.  Moringa oleifera 

Lamarck, commonly known as the drumstick tree or the horseradish tree, is a phanerogamous plant,  

native to tropical regions of South Asia [14, 15]. Every part of this tree – be it the seeds or pods or 

the leaves – has been traditionally used to treat various physiological conditions and diseases. These 

diseases range from gastric ulcers to diabetes, hypertension, cancer, liver disease, etc. Almost all the 

plant parts have now been found to be rich in bio-actives [16-20], but the complete evaluation and 

analysis of these bioactives is something which has been missing. When it comes to looking for 

protein components, the gap in knowledge is even more stark. 

While the activities of  the methanolic and ethanolic extracts of M. oleifera leaves have been 

reported abundantly [21, 22], only recent reports have shed light on the efficacy of aqueous extracts 

(containing proteinaceous components) of the leaves compared to traditional antibiotics [23]. The 

crude aqueous extract of M. oleifera leaves was found to display enhanced inhibition halos on S. 

aureus, Aeromonas caviae, Vibrio parahaemolyticus and Enterococcus faecalis cultures [24]. 

However, there are hardly any reports of the specific activity of the leaf extracts against bacterial 

biofilms till date [8]. The anti-biofilm potential of the plant has only been reported for the seed coat, 

which has been used against S. aureus biofilm contamination in dairy effluents [25, 26]. M. oleifera 

leaves have been known to be rich in protein content – in fact, an analysis of the protein content in 

dried M. oleifera leaves reported nine times higher concentration of protein than yoghurt [27, 28]. 
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Based on the available literature, this study attempted to elucidate the effects of M. oleifera aqueous 

leaf extract on S. aureus biofilms and configure the properties of the principal component. The 

preliminary results of the crude extract against staphylococcal biofilms showed encouraging activity 

using the novel methodology developed by our group for visualizing biofilm disruptions under the 

scanning electron microscope. Further purification of the crude aqueous extract according to our 

previous protocol yielded a protein-rich fraction [29]. Application of the purified protein on the 

staphylococcal biofilm displayed enhanced disruption of the biofilm almost to the level of abolition. 

Even the exopolysaccharides sticking to the coccal surfaces were drastically reduced, as was visible 

in the SEM images. The protein was characterized to be a monomer with molecular weight of 62 

kDa and its partial sequence done with MS-MS sequencing revealed its novel status. The protein was 

stable till a temperature of 50℃, and showed typical amid peaks in the FTIR spectrum. The 

minimum inhibitory concentration of this protein was found to be 100 g/ml. The pronounced effect 

of the M. oleifera leaf protein, referred to as p62, on the biofilms of S. aureus was well demonstrated 

by both confocal and electron microscopy. 

2. Materials and Methods 

2.1. Extraction from Moringa oleifera leaf 

Mature leaves of M. oleifera Lam., belonging to the family Moringaceae, were hand-picked from 

BITS, Mormugao, South Goa, India and dried under shade for 2 weeks. The voucher specimen in the 

form of the herbarium is maintained in the Calcutta University Herbarium (CUH/20088). The leaves 

were ground into a fine powder in a mortar and pestle after complete drying and readied for 

extraction [29]. The powdered leaves were stored at room temperature (25±2˚C) in a dry, air tight 

container at a dark place until further use. For extraction, 1g of M. oleifera leaf powder was 

dissolved in 6 ml (1:6 w/v) of extraction buffer (10mM of Potassium Phosphate Buffer, pH 7.0) 

along with freshly prepared 10mM protease inhibitor, phenylmethylsulphonyl fluoride (PMSF, 

Sigma-Aldrich, Germany). The entire mixture was vortexed and allowed to dissolve, followed by 

centrifugation at 10,000 rpm at 4˚C for 20 minutes. The supernatant (crude extract) was carefully 

collected and stored at 4˚C for immediate use and -20˚ C for prolonged storage.   

The crude extract was subjected to further purification with ammonium sulphate (Merck, Germany) 

precipitation until 50% saturation was obtained, followed by centrifugation and collection of the 

precipitated protein pellet and supernatant. Both the fractions were dialysed overnight in a 12 kDa 

dialysis membrane against the extraction buffer, to ensure removal of any components smaller than 

12 kDa and stored as fractions S (supernatant) and P (pellet) at 4˚C until use. The extracts at each 
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stage were estimated for presence of protein in a 10% SDS-PAGE. The fraction P was further 

purified by gel filtration chromatography using a Superdex 200 prep grade column in an ÄKTA Pure 

FPLC system (GE Healthcare Life Sciences). The purified fractions were collected, pooled and 

dialysed overnight in buffer (20 mM KCl, 20mM Potassium Phosphate buffer). The appearance of 

more than one band led us to further purify the fractions in a Q HP column (GE Healthcare Life 

Sciences) using appropriate salt gradient. 

2.2. Characterization of the Purified Protein Fraction 

2.2.1. Minimum Inhibition Concentration (MIC) 

The MIC against S. aureus was determined as per the method reported in Liu et al. 2017 [30]. S. 

aureus culture was grown overnight at 37℃ in LB media and diluted to an OD600 of 0.1, from which 

200µl was added to a 96 well plate and incubated at 37℃ for 6 hours. After 6 hours, the wells were 

treated with different concentrations of p62 protein (200, 100, 80, 60 and 40µg) along with positive 

and negative control. In this study, lysostaphin (5µg) was used as the positive control and Proteinase 

K-digested p62 protein was used as negative control. After the treatment, the plate was incubated 

further at 37℃ for 6, 12 and 24 hours and OD values were measured at the end of the incubation 

period in a microplate reader (MULTISKAN GO, Thermo).  

2.2.2. Determination of Oligomeric Status 

The oligomeric status of the protein was determined by performing size exclusion chromatography 

using a Superdex 200 column (GE Healthcare) and standard gel filtration markers kit (Sigma 

Aldrich). The column was washed with 20% ethanol and equilibrated with potassium phosphate 

buffer (50mM KCl, 20mM potassium phosphate pH 7.4). The lyophilized protein markers were 

dissolved in the same buffer as per the concentrations mentioned in the kit and was injected into the 

FPLC system (ÄKTA Pure) at a flow rate of 0.8 ml/minute. The protein markers ranging from 200 

kDa (Blue Dextran) to 12.4 kDa (Cytochrome c) were run through the column and the void volume 

(V0) and elution volume (Ve) were estimated. The retention volumes for each of the proteins in the 

marker were noted and used to derive the retention factor (Rf). The retention factor is defined by the 

following equation:    

Rf = (Ve-Vo) / (Vt-Vo), where Vt is the geometric bead volume of the column 

The purified p62 was also injected into the column at the same flow rate.  The peaks obtained during 

the separation were evaluated for elucidating the oligomeric status. 
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2.2.3. FTIR 

FTIR spectroscopic scans for purified fractions of the p62 protein were also performed [31]. The 

secondary structure of the protein was quantified by the presence of characteristic amide bands 

across a wavelength of 900-2100 nm. 0.25 g of the p62 protein was loaded onto the sample holder 

and analysed in an IR spectrophotometer (Perkin Elmer Spectrum IR Version 10.6.1). 

2.2.4. Sequence Determination Using Mass Spectrometric Analysis 

For determining the protein sequence of the 62 kDa protein, the protein band was excised aseptically 

from the de-stained SDS PAGE gel and was subjected to in-gel digestion [32]. Digested sample was 

acidified by formic acid and centrifuged at 14000 rpm, 28oC for one minute. 10 µl of the digested 

sample was transferred to the MS vial while the remaining sample was frozen at –20 oC. Mass 

spectrometric analysis of the protein sample was performed on 6538 UHD LC MS QTOF (Agilent 

Technologies, USA). Briefly, 5 µL tryptic digests were loaded onto the SmMol-Chip-43 II 80A C18 

43mm col. (Agilent Technologies, USA) using 1260 Infinity Cap pump (Agilent Technologies, 

USA) with 97 % acetonitrile. Separation of the ions was done onto the column using 1260 Infinity 

Nano pump (Agilent Technologies, USA) with a non-linear gradient of 3-90% acetonitrile for 57 

minutes. Formic acid was used as an adduct in both solvents (acetonitrile and sterile 0.22 µm filtered 

de-ionised water). Samples were run in positive polarity for 57 minutes. The raw spectral data (. d 

file) was analysed using Spectrum Mill Workbench B. 

2.2.5. Stability with respect to temperature 

The intrinsic fluorescence emitted by the protein was quantified in a spectrofluorometer (Jasco, FP-8200) at 

varying temperatures. The purified p62 protein extract was tested for temperature profiles of 25, 30, 37, 50 

and 60℃ respectively. The sample was excited at 295 nm and a spectral graph was obtained at the emission 

range of 310-450 nm. 

CD analysis of the protein sample was performed in terms of varying temperature. For temperature analysis, 

the protein samples were incubated for 10 minutes at temperatures 4, 25, 37, 42 and 50℃, followed by 

measurement of the CD signal in the CD spectropolarimeter (Jasco J-815 Circular Dichroism 

Spectropolarimeter).  The secondary structure was explored by an in-software CD de-convoluter and values 

were considered as per Reed’s reference.   

2.3. Growth of S. aureus biofilms 

Bacteria (S. aureus RN322) were first allowed to grow in liquid medium at 37℃ for 24 hours 

with continuous shaking at 120 rpm. After sufficient growth, culture tubes were transferred to 

static conditions (without any disturbance) and incubated for 5 days at 37oC. Growth was 
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checked at an interval of 2 days to make sure that a dense mat of the biofilm was formed. A 

sterile glass coverslip (20 mm x 20 mm) was introduced to the culture at the air-liquid interface 

to transfer the biofilms from liquid media to the glass coverslips. Glass coverslips with 

microbial biofilms were gently washed with 1X PBS, to ensure removal of any unattached or 

loosely attached bacterial cells.  

2.4. Assay for Biofilm Formation 

Biofilm formation assay was performed according to the established method [33] with minor 

modifications as described before [34]. In this protocol, 1% of an overnight bacterial culture 

was transferred to fresh LB broth in glass tubes and incubated at 37°C with shaking at 120rpm 

for 12h. Post this initial incubation, all the tubes were transferred to static conditions and 

checked for the development of slimy film or pellicles at the air-liquid interface, implying the 

formation of the biofilm. For staining with 0.2% crystal violet, the media was carefully 

removed from the tubes and the bacterial cells bound to the walls stained with the dye for 5 

min at room temperature. The tubes were then rinsed with distilled water to remove any 

unbound crystal violet and air dried before imaging. For quantitative estimation using a 

spectrophotometer, the biofilm was dissolved in 75% ethanol and OD570 was noted. For each 

experiment, three sets were replicated to allow for observation of pellicles from the first to the 

seventh day.  

The partially purified protein fraction from the gel filtration (150µg/ml) and the purified 

fraction (after ion exchange) (100µg/ml) were both used to treat the biofilms before assaying 

for crystal violet binding. Negative controls in the form of proteinase K-treated samples, 

lysostaphin-treated samples as positive control and blank buffer were also used to check the 

effect on the biofilms formed. The proteinase K-digested extracts were suitably treated after 

optimized time interval to prevent any residual activity of proteinase K on the biofilm. We 

used parametric method t-test with equal variance for the control and treated samples. The 

statistical significance was set at a p value of 0.05 for all the tests. The statistical analysis was 

performed using Graphpad Prism 9.3.1 (Dotmatics, San Diego). 

2.5. Viable Cell Assay 

S. aureus cultures were grown overnight at 37℃ in a shaking incubator. The cultures were shifted to 

static growth conditions as described previously for the development of biofilms. These biofilm 

cultures were transferred to a sterile coverslip and treated with p62 for one hour. The biofilms were 

then stained with propidium iodide (PI) and SYTO® 9 from the LIVE/DEAD Biofilm Viability Kit 
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for screening of viable cells under the confocal microscope. The non-treated and treated cells were 

stained with PI (10.02 mM/ml) and SYTO® 9 (60 mM/ml) for 30 minutes and then washed with 

sterile Milli-Q water. The samples were observed under a confocal microscope (FV3000, Olympus). 

The excitation for green channel was kept at 488nm and for the PI fluorescence at 561nm. The 

images obtained were analysed using the ImageJ software suite (Olympus). 

2.6. Visualization in SEM 

For visualization of the effect on the microbial biofilm, these were fixed on coverslips by 

treating with glutaraldehyde for suitable time, before further processing and preparation. Fixed 

biofilms on the coverslips were washed multiple times with PBS and further treated with 1% 

osmium tetroxide, to improve the contrast of the images.  This was followed by gradual 

dehydration in graded acetone series to a final concentration of 100% at room temperature. The 

dehydrated microbial biofilm-containing coverslips were subjected to complete drying by 

liquid carbon dioxide in a Critical Point Dryer, CPD (EMITECH, K850). All microbial 

biofilm-containing coverslips after drying, were mounted on stubs or SEM chucks and 

subjected to sputter coating with gold-palladium in vacuum [35, 36].   

Microbial biofilms were imaged using Field Emission Scanning Electron Microscope (FE-SEM 

QUANTA 200 FEG, Netherland). All treated biofilm samples were observed by the secondary 

electron scanning mode at high vacuum conditions with 5, 10 and 15 kV of accelerating 

voltage and images were captured at a magnification range of 5000X, 10000X and 25000X. 

3. Results: 

The M. oleifera leaves, on transfer to an aqueous medium showed the presence of proteinaceous 

content to the tune of 0.74 mg/ml as determined by the Bradford method. On being subjected to 

ammonium sulphate fractionation, this yielded a pellet which was rich in protein and a supernatant 

with very little protein [29]. The ammonium sulphate pellet (fraction P) was resuspended in adequate 

concentration before being applied to a Superdex-200 column. Further purification in the ion-

exchange column showed an elution profile which matched with the single band as visible in the 

SDS-PAGE (Figure 1).  

For the determination of the MIC of the p62 protein, the OD600 of S. aureus culture was measured at 

intervals of 6, 12 and 24 hours post treatment with purified p62 protein at different concentrations. 

At p62 concentrations lower than 100µg, the OD600 values were not significantly lesser than that of 

the control (non-treated) cells (0.5), while for 150µg and 100µg, the values were significantly lower 

at 0.36 and 0.37, respectively. The positive control (lysostaphin treated cells) showed the lowest OD 
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of 0.195 while the cells treated with proteinase-K inhibited p62 showed an OD comparable to the 

non-treated cells. Across the 6, 12 and 24 hour setups, 100µg of p62 showed fair inhibition of 

growth. Hence, the minimum inhibition concentration for S. aureus with p62 appeared to be 100 

µg/ml. 

The protein p62, which had a determined isoelectric point of 4.7, turned out to be in monomeric form 

in solution as understood from the oligomeric status determined with gel filtration chromatography 

(Figure S1). FTIR analysis of the protein fractions showed an Amide I peak at 1650 nm and Amide 

II peak at 1450 nm (Figure 2).  

The purified p62 was extracted from the gel by in-gel tryptic digestion and the subsequent peak 

mapping using the Spectrum Mill software and the peptide mass fingerprinting yielded the following 

incomplete sequence having 

MTIALGKFTKDENDLFDIMDDWLR……………CGLSKSMDSLGPIENTSISEDPVINDTHKNI

HGWGESSSYYSNVDHLVGAK……… The sequence appeared novel with some resemblance to 

significant identities to the M. oleifera chloroplast proteins photosystem II protein D2 (accession id. 

gi|2050188615|gb|QWL14850.1|) (Supplementary Table 1). The false discovery rate (FDR) analysis 

yielded zero residues. 

Thermal stability of the protein, estimated using intrinsic tryptophan fluorescence, showed no 

discernible shift in the absorption maxima up to a temperature of 50℃. There was an observed 

reduction of the intensity of the peak from 25℃ though as the temperature increased (Figure 3). The 

p62 thus appeared to be stable till a temperature of 50℃ and can be thus sufficiently thermostable at 

physiological temperatures. The same was observed when the protein was subjected to temperature 

changes and observed in the CD spectrophotometer. Additionally, CD spectroscopic assignment of 

the secondary structural data for the protein showed an equivalent prevalence of  helices (36.3%) 

and  sheets (37.2%) at room temperature.  

S. aureus RN322 cells, which were grown in liquid media and then transferred to static culture for 

biofilm formation, formed a dense layer of biofilm at the surface of the culture tube, which was 

estimated by staining with crystal violet. Growth was observable in 3 days (0.64), but was significant 

after 5 days (0.87), as quantified by estimation in a UV-Vis spectrophotometer at 570 nm using the 

classical estimation method. 

Visual comparison of the cultures revealed similar pellicle thicknesses for the untreated biofilm (a), 

biofilm treated with buffer blank (b) and biofilm treated with p62+proteinase K (c), while the biofilm 

sample treated with the purified p62 protein (d) had significantly reduced pellicle thickness, 



9 
 

comparable to the biofilm treated with the positive control lysostaphin (e) (Figure 4). The crystal 

violet binds to the bacterial cell wall and the presence of more cells on the glass tube walls will result 

in the absorption of more crystal violet by the biofilm. Therefore, it can be safely assumed that the 

intensity of the crystal violet solution, formed after dissolution in alcohol would be directly 

proportional to the amount of biofilm sticking to the walls of the tubes (Figure 4a). Quantitatively, 

the fractions b and c showed equivalent amount of biofilm growth as the control fraction a. In the 

case of the fraction d, which was treated with 100 micrograms of the purified protein, the reduction 

in the biofilm was drastic as is evident from the intensities of the bound crystal violet as well as the 

pellicle pattern on the tubes (Figure 4b). The positive control lysostaphin is a known inhibitor of 

growth of S. aureus and has a MIC of around 2.5 g, but has been used at a higher concentration to 

keep an uniformity with the sample p62. 

The S.aureus cells stained with LIVE/DEAD® Biofilm Viability kit, when visualized under the 

confocal microscope further validated the activity of the p62 protein on biofilms. While SYTO® 9 

can stain both damaged and healthy cells because of improved membrane permeability, PI can stain 

only the damaged cells whose membranes have been disrupted [37]. When untreated biofilms were 

visualized with the PI and SYTO® 9 (as described in the manufacturer’s protocol) stains under the 

confocal microscope, mostly green fluorescence was observed, understandably so, as the cocci were 

healthy and viable. On the other hand, cells in the biofilms which were treated with 100g of p62 

(the MIC) were mostly stained red with propidium iodide. This is a notable indicator of the 

disruption of the healthy cocci in the biofilm consequent to the treatment with p62 (Figure S2).  

For further visualization and validation, the biofilm was transferred to a coverslip after 7 days from 

initial inoculation in all experiments for the SEM assay. After processing and observation on SEM 

stubs, a dense biofilm was visualized, with thick bunches of cocci on the coverslip at low 

magnification (5000X). These were imaged at higher magnification (at 10000X), which revealed the 

presence of typical cocci of S. aureus with the appearance of an exopolysaccharide matrix of biofilm, 

formed after 7 days of growth (Figure 5a). Growth conditions were maintained similarly to achieve 

consistent biofilm layers. The transferred biofilm was treated both with the crude extract and the 

purified p62 and processed for fixing. 

The biofilms so formed were initially observed for the activity of the crude extract on them. On 

imaging under FE-SEM, there was an associated reduction in the distribution and density of the cocci 

on the coverslips after treatment with the crude M. oleifera extract. The plates also showed scattered 

remnants of coccal bunches, having ragged fragments of exopolysaccharides on them (Figure 5b).  
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The samples which were treated with 100 g of the purified protein showed significant detachment 

of biofilms from the cocci and a pronounced dispersal of the biofilm. The cocci were observed as 

isolated and scarcely populated bunches (6-7 together) on the plates, with discernible distance from 

other similar bunches, and devoid of the biofilm attachment. In fact, most stretches of the plate were 

free of biofilm formation and deformed aggregated remnants of the biofilms could be seen scattered 

around the plate at 25000X magnification. Additionally, some of the cocci in these treated plates 

showed considerable deformation and loss of size (Figure 5c).  

4. Discussion and Conclusion: 

The Gram-positive human commensal, S. aureus, has been known to cause chronic infections, when 

present as biofilm [38-41]. Biofilm formation by S. aureus has been often seen as a strategy for 

survival and propagation of infection by the bacteria [42]. The persistence of the biofilm may be on 

the tissues of the human host, or on medical implants like prosthetic devices, catheters, etc [43, 44]. 

In this report, the process of extraction from the M. oleifera leaves was concentrated on using the 

aqueous fraction. The crude extract when applied to S. aureus biofilms showed ample signs of 

disruption of the biofilm, with separation of individual bunches of cocci from the exopolysaccharide 

matrix. On application of the purified p62 fraction, the biofilm disruption was amplified. The 

disruption of the biofilm was effective at 100g of p62, and in some cases, some distortion of coccal 

morphology was also observed indicative of the effect on the cells. However, the coccal disruption 

needs to be studied in detail, and this manuscript does not claim to that effect. The study of the cocci 

treated with the purified extract, under the scanning electron microscope now showed a general lack 

of the biofilm exopolysaccharide remnants too and the remaining cocci had a rarefied distribution, 

with 7 or less S. aureus cells in a bunch. Generally, the plates which had been treated with the 

purified fraction showed a relatively clear surface, devoid of much biofilm, but with some sparse 

traces of cocci and clumps of exopolysaccharide left behind. This was also reinforced by the 

presence of non-viable cells that were observed in the biofilm treated with p62 and visualized under 

the confocal microscope. 

S. aureus biofilms are a persistent burden on prosthetics and implantation technologies. Bacteria 

within biofilms are difficult to target with antibiotics or other agents, principally due to the inherent 

resistance of biofilms to such agents. The leaf extracts of M. oleifera being rich in proteinaceous 

content showed potent activity against S. aureus biofilms. The application of the purified 62 kDa 

protein, with a MIC of 100 g, displayed a remarkable disruption of the biofilm in general. The 

bacteria within the biofilm were also shown to be under stress upon application of the protein. While 
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the protein p62 appears thus to be a potent source of anti-biofilm activity against staphylococcal 

biofilms, more work needs to be undertaken to devise effective delivery mechanisms of the protein 

into biofilms formed on surfaces. The incorporation of the p62 onto nano-delivery vehicles might 

add on to the efficacy of the anti-biofilm activity and can go a long way into the formulation of a 

possible coating material for prosthetics and implant devices. 
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Figure Legends: 

Fig. 1 Purification profile of M. oleifera leaf aqueous fraction in 10% SDS-PAGE. Lane1: Marker (figures 

showing molecular weight in kDa), Lane 2: Fraction after partial purification in Superdex, Lane 3: Purified 

protein fraction after Q HP (ion exchange). Inset: Elution profile after Q HP purification. 

Figure 2. Spectral scan of p62 purified protein with IR. The significant amide bands for characteristic 

understanding of secondary structure of protein through FTIR was obtained at 1650 nm for AmideI and at 

1450 nm for AmideII peak. 

Fig. 3. Left: Spectral scans of p62 protein at an excitation of 295 nm and emission range of 300 to 450nm. 

The absorbance intensity dramatically reduces above 25℃ and stays consistent at temperature points from 30-

60℃. A significant blue shift in the wavelength is observed at temperature beyond 50℃. Right: CD spectral 

analysis of the protein with respect to change of temperature revealed a similar pattern with no perceptible 

change of spectral pattern till a temperature of 50℃. 

Fig. 4 (a) Biofilm formation in 7 day old cultures of Staphylococcus aureus after staining with crystal violet. 

a: control with biofilm growth, b: treatment with p62 digested by proteinase K, c: biofilm with buffer blank, d: 

biofilm treated with 100 g of purified protein, e: biofilm treated with 100 g lysostaphin. (b) The crystal 

violet bound biofilm was dissolved in 75% ethanol and estimated spectrophotometrically at 570 nm 

Figure 5. (a) Biofilm formation of the Staphylococcus aureus (magnification 10000X), (b) Coccal density in 

biofilm (magnification 25000X), (c) Coccal dispersal and biofilm after treatment with crude extract 

(magnification 25000X), (d) Scarce remnants of biofilm with cocci which have undergone drastic reduction in 

number as well as change in morphology after treatment with 100 g purified p62. 
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Figures: 

 

 

 

Fig. 1 Purification profile of M. oleifera leaf aqueous fraction in 10% SDS-PAGE. Lane1: Marker (figures 

showing molecular weight in kDa), Lane 2: Fraction after partial purification in Superdex, Lane 3: Purified 

protein fraction after Q HP (ion exchange). Inset: Elution profile after Q HP purification. 
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Fig. 2 Spectral scan of p62 purified protein with IR. The significant amide bands for characteristic 

understanding of secondary structure of protein through FTIR was obtained at 1650 nm for AmideI 

and at 1450 nm for  AmideII peak 

 

 

 

 

 

 

 

 

 

 

 



19 
 

 

 

Fig. 3. Left: Spectral scans of p62 protein at an excitation of 295 nm and emission range of 300 to 450nm. 

The absorbance intensity dramatically reduces above 25℃ and stays consistent at temperature points from 30-

60℃. A significant blue shift in the wavelength is observed at temperature beyond 50℃. Right: CD spectral 

analysis of the protein with respect to change of temperature revealed a similar pattern with no perceptible 

change of spectral pattern till a temperature of 50℃. 
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Fig. 4 (a) Biofilm formation in 7 day old cultures of Staphylococcus aureus after staining with crystal violet. 

a: control with biofilm growth, b: treatment with p62 digested by proteinase K, c: biofilm with buffer blank, d: 

biofilm treated with 100 g of purified protein, e: biofilm treated with 100 g lysostaphin. (b) The crystal 

violet bound biofilm was dissolved in 75% ethanol and estimated spectrophotometrically at 570 nm 
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Fig. 5 (a) Biofilm formation of the Staphylococcus aureus (magnification 10000X), (b) Coccal density in 

biofilm (magnification 25000X), (c) Coccal dispersal and biofilm after treatment with crude extract 

(magnification 25000X), (d) Scarce remnants of biofilm with cocci which have undergone drastic reduction in 

number as well as change in morphology after treatment with purified p62 

 

 

 

 

 

 


