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Supplementary information

Table S1. Prevalence of urinary tract isolates in our study

Sampling Samples Clinical Clinical isolate Clinical Clinical

number P isolate 1 2 isolate 3 isolate 4

1 Male | & (6006) 1 (10%) 1 (10%) 2 (20%)
(n=10)

2 (ie'zng:f) 15 (75%) 0 (0%) 2 (10%) 3 (15%)




Table S2. Characterization of clinical isolates

Sample | Test 1 2 3 4
number
1 Simple Staining Rod Rod Rod Cocci
2 Gram staining - - - +
3 Motility + - + -
4 Indole + - - -
5 MR + - - +
6 VP - + - -
7 Citrate - + + +
TSI agar test AIA AIA K/K NP
8 Gas + + - NP
H>S - - - NP
9 Urease - - - +
10 Nitrate + + + +
11 Catalase + + - +
12 Oxidase - - + +
13 Phenylalanine - - NP
deaminase
14 Lysine + + - NP
decarboxylation
15 Arginine + - + NP
decarboxylation
16 Ornithine + - - NP
decarboxylation
17 Esculin - + - +
hydrolysis
18 Growth on
Blood agar - Y Y Y B
Haemolysis
Baired Barker NP NP NP Black
agar
Cetrimide agar NP NP Green NP
EMB agar Metallic NP NP NP
sheen
HE agar Orange NP NP NP
XLD agar Yellow NP NP NP

“+” indicates Positive ,

(T3 3]

indicates negative, and “NP” indicates Not Performed




Table S3. Antibiotic resistance patterns of UPEC isolates involved in the study

Sample Antibiotics and its Escherichia coli
number concentration

1 Gentamycin Resistant
(30 pg/disc)

2 Ciprofloxacin Resistant
(30 pg/disc)

3 Ampicillin Resistant
(10 pg/disc)

4 Erythromycin Resistant
(15 pg/disc)

5 Co-trimoxazole Resistant
(30 pg/disc)

6 Cephalosporins Resistant
(10 pg/disc)

7 Novobiocin Resistant
(5 pa/disc)

8 Cefpodoxime Resistant
(30 pg/disc)

9 Tetracycline Resistant
(30 pg/disc)




Table S4. Antimicrobial activity of Soxhelt-extraction of MISK

Sam Concentration in pL / mg

ple .- Positive | Negative

nu iggg&l control control
mbe (mm) (mm) 20| 40 60 80 100

r

1. E. coli 21.0+0.1 - - - | 130.17 17+0.117 19+0.15™

Values are expressed as the mean + SD (n = 3). Statistical significance was considered at P <

0.05 in all cases. **denotes P < 0.01 and *denotes as P < 0.05.




Table S5. Phytochemical analysis of M. indica seed kernel (MISK)

Sample

Soxhelt extract of

number Test Reagent Observation MISK

. , Creamy white .

1 Alkaloids Mayer’s precipitate Positive

2 Steroids Acetl_c Reddls_h _brown Negative

anhydride precipitate
3 Terpenoids Chloroform Reddls_h _brown Positive
precipitate

4 Flavonoids Ethy!rssc;etate Yellow colour Positive

5 Saponins | Extract + boiled Foam formed Positive
. Ferric Chloride | Brownish green .

6 Tannins Test of Blue Black Positive

7 Lignin Safranin Pink colour Negative
Cardiac Glacial acetic Interface brown .

8 . . . Positive

glycosides acid ring
9 Proteins Xanthoprotein Orange colour Positive
10 Carbohydrat Barfoed’s Reddish brown Positive
es reagent
11 Ammo Ninhydrin Violet colour Positive
acids

Phenolic | Alcohol + Ferric . .

12 compounds Chloride Bluish green Positive
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Phytochemical characterization, antibacterial, and anti-biofilm efficacy of Mangifera indica

seed kernel: A preliminary study using in vifro and in silico approaches

Abstract

Biofilm-formation is one of the most important virulent factors in the pathogenesis of
urinary tract infections. Biofilm is a complex microbial population protected by
exopolysaccharides (EPS), which presents with adaptive resistance against antimicrobials. In the
current study, we aimed to evaluate the efficacy of a methanolic extract of Mangifera indica seed
kernels (MISK) against uropathogenic bacteria collected from urine samples. In total, n = 21
uropathogenic Escherichia coli (UPEC) strains were identified from n = 30 urine samples.
Among the n = 21 strains, n = 17 E. coli strains were biofilm-producers in different in vitro
model systems (tube-based method, microtiter-plate based method, Congo Red Agar, EPS
production). Uropathogens were identified by traditional microbiological methods. MISK is a
potential natural source of phytochemicals such as carbohydrates, proteins, stearic and linoleic
acids. In the present study, 50 pg/mL and 100 pg/mL of methanolic extract of MISK exhibited
prominent antibacterial and anti-biofilm activity against the clinical UPEC strains. In addition,
qualitative phytochemical characterization of methanolic extract of MISK showed presence
of bioactive compounds such as tannins, saponins, flavonoids, terpenoids, alkaloids,
carbohydrates, polyphenols, and glycosides. Moreover, the characterization of the methanolic
extract by UV-VIS, FTIR, and GC-MS analysis confirmed the presence of a phenolic profile,
namely angiferin (1,3,6,7-tetrahydroxyxanthone-C2 -B-D-glucoside). Furthermore, in silico

analysis was also investigated to validate that mangiferin can bind to the specific active sites of

CAMP LpxC in E. coli. Based on the collective findings of our in vitre and in silico analyses,




mangiferin may be the principal compound responsible for the anti-bacterial and anti-biofilm

effects of the extract.

Keywords: urinary tract infections; Escherichia coli; antimicrobial; anti-biofilm; mangiferin;

phytochemicals, in vitro, in silico, screening

1, Introduction

Urinary tract infections (UTIs) represent a major factor of morbidity worldwide, being
one the most common reasons to seek out a primary care physician (Wagenlehner et al., 2022).
There are around 120-150 million cases of UTIs worldwide annually, making them the third
most common bacterial disease after infections of the respiratory and gastrointestinal tract,
respectively (Javed et al., 2021). Bacteriuria has a J-shaped prevalence distribution, with a
greater incidence among the very young and a steady rise with age in both men and women.
Women are affected at a substantially higher frequency (especially regarding uncomplicated
UTIs) than males until the age of 60 years and later (Foxman, 2010). A UTI episode occurs at
least once during the lifetime of 40% of women and 12% of men (Ahsan et al., 2021).
Additionally, in patients with advanced age or existing underlying conditions, the rate of
complicated UTIs (cUTI) or recurrence may increase considerably (Nicolle, 2005).

The most common causative agents associated with UTIs are Escherichia coli, Klebsiella

pneunoniae, the Citrobacter-Enterobacter-Serratia group, and the Proteus-Providencia-
Morganella group among Gram-negative bacteria (Flores-Mireles et al., 2015; Khusro et al.,
2018; Gajddcs et al., 2021), while among Gram-positives, Enterococcus spp. (E. faecalis and E.

Jaecium) and Staphylococcus saprophyticus are the most commonly implicated (Adeghate et al.,
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2016). Nevertheless, uropathogenic E. coli (UPEC), a Gram-negative, facultative anaerobic,
peritrichous rod may be considered as the most frequent etiological agent, as it is the cause of
50% of nosocomial UTIs that affect all age groups as well as 95% of community-acquired UTls
(Terlizzi et al., 2017). The pathogenesis of UPEC may be divided into two stages: firstly,
bacterial adhesion to the urogenital epithelium and formation of the protective biofilm. In this
first phase, UPEC interacts with glycosylated surface proteins (uroplakins) via fimbriae
(Matuszewski et al., 2016). In the second phase — following the formation of a mature biofilm —
components of the cellular and humoral immune system, and antimicrobials are inhibited from
reaching these microorganisms embedded in the biofilm (Chatterjee et al., 2014). Biofilms allow
bacterial populations to adhere to different inanimate and in vivo habitats, protecting them from
severe environmental conditions and toxic xenobiotics, such as antimicrobials (Aarti et al., 2018;
Craft et al., 2019). Furthermore, biofilm-formation is also essential to allow bacteria to withstand
the shear forces associated with normal urine flow, allowing them to remain in the urinary
system (Gonzilez-Villalobos et al., 2021). The presence of biofilm-like intracellular bacterial
communities (IBCs) allows UPEC to colonize the bladder and resist evacuation, playing an
essential role in pathogenicity and ascending UTIs (Javed et al., 2021). In addition to the
protections provided by biofilm, antibiotic treatment of UTIs is worsened by the emergence of
multidrug-resistant (MDR) bacteria, which present a significant clinical issue (Shakya et al.,
2021).

Several medicinal plant extracts are frequently utilized as alternative supplementary
medicines to prevent or treat certain illnesses, including UTIs (Shaheen et al., 2019). Numerous
plant extracts were widely reported to have antimicrobial and anti-biofilm activity (Prasathkumar

et al., 2022) and thus, may be used to treat UTIs (Elamary et al., 2020; Omokhua-Uyi et al.,
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2020). Mangifera indica L. (mango), belonging to the Anacardiaceae family, is the most
traditionally and commercially in terms of tropical fruit crop worldwide. M. indica is the world's
second most traded tropical fruit, the fifth most produced, widely known as the “king of fruits”,
and is consumed by all people of all ages. Aside from direct consumption, more than half of the
mangoes are used to make juice, nectar, puree, squash, slices, jam, and pickles, among other
things (Mwaurah et al., 2020). The seeds account for 20 percent to 60 percent of the total fruit
mass, while the kernel located inside the seed accounts for 45 percent to 75 percent of the seed's
weight and is released as a significant waste into the environment. Globally, 123,000 metric
tonnes of mango seeds are released per year, which is mainly regarded as agro-industrial waste
(Reddy et al., 2016). The recovery and use of valuable compounds from M. indica by-products is
a significant economic and environmental issue.

Traditional medicines described the use of M. indica extracts to treat diabetes, bronchitis,
diarrhoea, asthma, renal, scabies, respiratory illnesses, and syphilis. Earlier, Kumar et al. (2021)
reported that M. indica leaf extracts have anticancer, anti-diabetic, anti-oxidant,
hepatoprotective, antidiarrheal, and lipid-lowering properties. The prominent biological
properties such as antioxidant, antitumour, and antimicrobial activities of kernel extract of M.
indica were also reported (Abdel-Aty al., 2018; Nakpanich et al., 2017; Raju et al., 2019).
Thus, the valorization of M. indica based by-products as traditional medicines may be an
effective method for their utilization. Therefore, the present study aimed to collect urine samples
from males and females affected by UTIs, and to confirm the most common pathogen associated
with UTI as E. coli, and to identify the strains with the highest biofilm-producing capacity.
Following this, the antibacterial and anti-biofilm activity of M. indica seed kernel (MISK)

extract against E. coli was tested using traditional in vitro methods. Lastly, the primary bioactive
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compound associated with biological properties of MISK was identified to be mangiferin, and
hence, an in silico activity study was also performed to validate its efficacy against E. coli
biofilms.
2. Materials and methods
2.1. Materials

All the reagents and chemicals used during the experiments were purchased from Hi-
Media PVT LTD. Glassware were purchased from Borosil Glass Works Limited, Mumbai-400
018 (India), and plastic wares were procured from M/S Tarsons Products PVT LTD (New Delhi—
110001).
2.2, Sample collection

Urine samples were provided by patients affected by with UTIs and were collected at
government hospitals in Srirangam, Trichy, Tamil Nadu, India. Overall, 10 male and 20 female
patients, between the ages of 25 and 70 provided n = 30 urine samples over the course of a
month, each of which underwent traditional microbiologic analysis.
2.3. Isolation and identification of urinary pathogens

Urine samples were inoculated into a selective and differential medium, such as Eosin
Methylene Blue (EBM) agar, MacConkey agar, and Blood agar, using a sterile standard wire
loop. The plates were macroscopically examined for shape and size of the colony formation as
presumptive identification er 24 h of incubation at 37°C (Woldemariam et al., 2019).
Microscopy and biochemical testing were used to identify a selection of colonies from a selective
and differential medium (Koneman et al., 1994). Uropathogens were identified based on the

results from biochemical tests.




2 4. Antibiotic susceptibility tests
The antibiotic sensitivity of all isolated microorganisms were tested in accordance with

Bauer et al., (1966). The disc diffusion assay was employed to evaluate the susceptibility of the

abovementioned isolates. The interpretation of the results was performed based on the
recommendations of Clinical and Laboratory Standards Institute (CLSI) standards (CLSI, 2019).

Classification of the isolates as a multidrug resistant (MDR) was based on the guidelines of

Magiorakos et al. (2013).
2.5. Assessment of biofilm-formation by the microtitre plate method (MTP)

A microtiter-plate experiment, based on crystal violet (CV) staining method, was
conducted to evaluate e biofilm-forming capacity of the relevant bacteria in various nutritional
environments, pH, and temperatures (Kirmusaoglu, 2019). After incubation, the test organisms
were cultured in a microtitre well-containing the broth (Nutrient Broth, Sabouraud Dextrose
Broth [SDB], De Man, Rogosa and Sharpe [MRS] medium). To remove loosely attached cells,
the microtitre well was cleaned three times with sterile distilled water. The microtitre plates first
underwent air drying, followed by 45 min in a 60°C oven. After the wells were dried, 100 pL of
1% CV s added to the wells and left at room temperature for 15 min (Ramos-Vivas et al.,
2019). The plates were rinsed five times with sterile distilled water to get rid of the unabsorbed
stain.

2.6. Biofilm-formation assay by the Tube method (TM)

A loopful of bacterial culture as inoculated in test tubes with 10 mL of Nutrient Broth
containing 1% glucose, after which the tubes were incubated the 24 h at 37°C. After the
incubation, the tubes were decanted, washed with phosphate buffer saline (pH 7.3), and dried. A

0.1% CV solution was then applied to the tubes. The excess stain is removed with distilled water
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and tubes were dried in an upturned arrangement. When a visible thick film lined the tube's wall

and bottom, the isolate was considered positive for biofilm formation (Kirmusaoglu, 2019).

2.7. Biofilm-formation assay by the Congo Red Agar method (CRA)

CRA medium was prepared for the phenotypic confirmation of biofilm formation, as

described previously, With%Ir g/L brain heart infusion broth, 50 g/L sucrose, 10 g/L agar, and 8
g/L Congo red indicator. The t organisms were inoculated on CRA plates and incubated for 24
h at 37°C (Kirmusaoglu, 2019). lates were then assessed for their colony-morphologies:
isolates were considered as biofilm-producers, if they presented ac]( colonies with a dry
consistency, while negative if they esented with red colonies with smooth, round and shiny

surfaces.
2.8. Exopolysaccharide (EPS) extraction

The overnight bacterial cultures were ntrifuged at 10,000 rpm for 20 min at 4°C to
eliminate bacterial cells. The supernatant was then collected into a fresh vial and precipitated
with chilled absolute ethanol and incubated at 4°C for overnight; following this, another
centrifugation step occurred 10,000 rpm for 20 min at 4°C, after which, the supernatant was
decanted. The pellet containin exopolysaccharides (EPS) was dried at room temperature. EPS
was assessed by the phenol-sulphuric acid method, described previously (Felz et al., 2019).
2.9. Collection of the plant material

Mangifera indica fruits were collected from the Thathachariar garden, Tiruchirappalli,
Tamil Nadu, India. The seed kernel was carefully separated by using a sterile knife, and the seed

kernel identity was confirmed by Dr. John Britto, Director, Rapinat herbarium, St. Joseph’s

College, Thiruchirapalli, Tamil Nadu, India. An electric grinder was used to grind the dried seed




kernel into a fine powder. The seed kernel powder was kept in a sterile container for future
studies.
2.10. Extraction of MISK
In a Soxhlet extractor, 100 g of seed kernel powder was added with 1500 mL of solvent

such as methanol, and the extraction was carried out for 48 h. After finishing the extraction, the
extract was distilled off and the dried extract was obtained and analyzed by UV and FTIR, GC-
MS methods (Shinde et al., 2014).
2.11. Antibacterial study of plant extract against Uropathogenic E.coli

The known quantity of extracts was dissolved in a 1:1 ratio of DMSO:methanol and it
was diluted with an equivalent amount of phosphate-buffered saline (PBS pH 7.3). The extracts
were sterilized by using a 0.22 ym pore size Sartorius syringe filter. 20 g - 100 ug of extracts
were loaded with sterile discs of 6 mm in diameter (Whatmann MM) and were dried. Disks
loaded with solvent were used as a negative control. The standardized antibiotic-loaded discs
(Hi-Media) were used as the positive control. The antibacterial assay of seed kernel extracts s
determined by the disc diffusion method (Kebede et al., 2021).
2.12. Study of the effect of plant extracts on EPS formation

The 40 pL of the test sample was dispensed in microtitre culture plates and 50 and 100
pL/mg concentrations of methanolic extract seed kernel were ded to the wells and incubated at
37°C for 24 h. After incubation, the unattached cells were decanted and washed with PBS (pH
7.3), followed by an air dry and stained with 0.1% CV (Xiao et al., 2007).
2.13. Phytochemical analysis of the methanolic extract of MISK

Freshly produced seed kernel extracts were examined for the presence of

phytoconstituents using conventional methods (Rajan et al., 2011).




2.14. UV-Vis analysis of methanolic extract of MISK
The methanolic extract of MISK was centrifuged at 3000 rpm for 10 min before being

filtered via Whatmann No.l filter paper. The solution was diluted at a ratio of 1:10 in the same
solvent. The extract was analyzed with a Perkin Elmer Spectrophotometer for spectral analysis
(Dhivyaetal., 2017).
2.15. FTIR analysis of methanolic extract of MISK

The methanolic extract MISK's infrared spectrum was acquired using Fourier Transform
Infrared Spectroscopy from Perkin Elmer Spectrum GX FTIR, USA. 5 mg of methanolic extract
of MISK was mixed th 150 mg of potassium bromide (KBr) and pressed into tablet form to
make sample discs. Infrared spectra were collected with a resolution of 0.2 cm over the 4000 -
500 cm! range.
2.16. GC-MS

The evaluation of phytoconstituents in the methanolic extract of MISK was carried out
using -MS equipment (Thermo Scientific Co.) Thermo GC-TRACE ultra ver.: 5.0, Thermo
MS DSQ II, with the following experimental conditions: DB 5 - MS Capillary Standard Non-
Polar Column, dimension: 30Mts, ID: 0.25 mm, Film thickness: 0.25m. The mobile phase flow
rate (carrier gas: He) was set to 1.0 mL/min. The temperature program was 70°C raised to 260°C
at 6°C/min in the gas chromatography section, and the insertion volume was 1 L.
2.17. In Silico Analysis
2.17.1. Protein preparation

The protein structure of LPXC E. coli (protein ID: 3P3G) with Kollmann charge was

assigned side chains, and was tuned for H2 bonding through the addition of hydrogens. The

protein that had its energy reduced was then archived in PDB format. Nonpolar H> were
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combined, AutoDock atom, AD4 and Gasteiger charges was assigned, and then the results were

saved in protein.pdbqt format using MGLTools-1.4.6 (Morris et al., 1998) for future analyses.
2.17.2. Ligand preparation
ChemSketch (Chem Sketch) was used to draw the ligand structures, which were then

optimized with 3D. The 2D structure of mangiferin was then transformed into a 3D 1 structure
using the open Babel format molecule converter (Guha et al., 2006) and kept PDB format for
AutoDock compatibility. To exchange gand.pdb files to ligand.pdbqt files, MGLTools-1.4.6
(The Sripps Research Institute) was used.
2.17.3. Docking protocol

TMGLTools-1.4.6 has been used to create the grid variable data (protein.gpf) and scalar
data (ligand.dpf). Grid spacing of 0.375 A and 90 X 60 X 60 grid points in xyz were used to
create receptor grids. Co-crystallized ligand plot types have been derived using autogrid4, and
the grid box was centered. Macromolecule docking was carried out using a Lamarckian Genetic
Algorithm and an empirical free energy function, with a starting pulation of 250 randomly
disseminated individuals, a utmost of 106 energy analyses, a mutation rate of 0.02, and a
intersect rate of 0.80. r each ligand, 100 separate docking runs was carried out. Results with
positional RMSD differences of 2.0 A were grouped tgether and were represented by the
outcome with the lowest free energy of binding.
2.18. Statistical analysis

The data were presented as means + standard deviations [SD], with each experiment
performed in triplicate. One-way ANOVA was used for inferential statistics; tistical analyses
were performed by SPSS version 12.0. (SPSS, Inc., Chicago, IL). p values < 0.05 were

considered statistically significant.
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3. Results and Discussion
3.1. Isolation and identification of urinary pathogens

Table S1 shows that clinical isolates from the urinary tract are common. In total, n = 30
urine samples were collected from various age groups of male and female patients. A possible
pathogen was isolated from urine samples based on colony morphology seen on selective media.
The growth patterns, microscopic features, and biochemical parameters were used to identify
five clinical isolates (Koneman, 1994). Depending on the nation's various biographical,
geographical, and socioeconomic conditions, the incidence and species-distribution of these
organisms may show considerable variation (Sherry et al., 2018). In the present study, clinical
pathogens like E. coli, Klebsiella, Staphylococcus, and Pseudononas were isolated, as
summarized in Table S2. Out of 10 samples taken from male patients, E. coli (60%) was the
most common isolate in the sample. Similarly, E. coli was more prevalent than other bacteria out
of the 20 samples of female patients from the various age groups. Due to the anatomical features
of the urethra, uncomplicated UTls largely affects female patients; these findings confirm the
previous results of Pardeshi, (2018). Out of 20 samples overall, E. coli was present in 75%,
Staphylococcus in 15%, and Pseudomonas species in 10%, respectively. To investigate the
antibiotic sensitivity assay and biofilm activity, a high level of E. coli was primarily isolated
from both male and female patients. These finding are closely related to the results of other
studies (Thattil et al., 2018).
3.2. Antibiotic susceptibility of the isolates

Before assessing the MISK's antimicrobial activity on relevant urinary pathogens, the

antibiotic sensitivity patterns of isolated E. coli was evaluated. Results showed that ampicillin,
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cephalosporins, and novobiocin were ineffective against the isolated bacteria. According to the
study's findings, some of the isolated strains of E. coli were MDR (Table S3). According to
Siedelman et al. (2012) and Walters et al. (2012), MDR microorganisms have a considerably
high prevalence in community-acquired infections, reaching rates as high as 70-80%.

3.3. Biofilm-formation Assays and EPS extraction

One of the main virulence factors of UPEC is the formation of the protective biofilm.
When intestinal bacteria reach the bladder, they adhere to the uroepithelium using their fimbriae,
and in later stages form a biofilm that can reach the renal tissue, causing pyelonephritis (Khan et
al., 2011; Behera et al., 2008). All n = 21 E. coli strains were tested for their biofilm-producing
capacities, and several tests are available to determine which E. coli strains were biofilm-
producers. These tests included microtiter-based plate assays, tube-based test, and the CRA plate
method. On the CRA plate, the biofilm-producing E. coli have generated black colonies, while
the potent biofilm-producing strains were easily identifiable when using the tube method, which
is less sensitive but more robust when it comes to strong-biofilm producers.

The extent of biofilm-formation may be strongly influenced by the in vitro and in vivo
conditions (Fernandez-Barat et al., 2018). Table 1 displays the various nutritional environments,
pH, and temperatures that were utilized to study the biofilm-producing activity of the isolates.
Out of three nutritional environments, isolates cultured in the Nutrient Broth showed the highest
biofilm activity in 96 h; an OD value of 2.25 was measured, which was higher than in other
nutritional environments (in SDB broth: 1.622, and MRS broth: 1.684). Table 2 shows the high
amount of EPS production in the different nutritional environments tested using the phenol-
sulphuric acid method. The Nutrient Broth environment (OD value: 2.29) showed a high amount

of EPS production, compared to the other environments (SDB: 1.006), MRS: 1.021)). pH is
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another significant factor, which may affect biofilm formation among urinary pathogens
(Kincses et al., 2021). E. coli is able survive in a neutral pH environment, indicating that pH 7
and 8 was the critical condition to produce the biofilm and EPS concentration at 96 h. The other
pH ranges did not have a significant effect on biofilm formation of the tested isolates. Different
temperature conditions were also relevant in the context of biofilm formation. The 30°C and
37°C were highly responsible for the biofilm formation and EPS compared to the other
temperatures tested. Donalin (2002) also revealed that temperature was an important parameter
when it comes to biofilm formation. The EPS are the building blocks of the biofilm matrix,
creating hydrated viscous layer, protecting the bacteria from desiccation and immune cells. The
matrix may additionally support the bacteria's defense mechanisms against harmful chemicals
like biocides and reactive oxygen species (Gambino et al., 2016). The biofilm environment may
also interrupt nutrients, enzymes, and even signaling pathways from washing out, allowing them
to concentrate and build more favorable microenvironments (edﬁeld et al., 2002; Starkey et al.,
2004; Welch et al., 2002). All of these matrix characteristics may help pathogenic bacteria
develop phenotypic (“adaptive™) resistance. Biofilm-formation in E. coli is a critical factor in
causing chronic ections (Anderson et al., 2003; Justice et al., 2004). EPSs like poly-1,6-N-
acetylglucosamine, LPS, cellulose, capsules and colanic acid are the ones that are most
frequently found in the composition of this matrix. Out findings presented in Tables 1 and 2 are
also supported by the aforementioned claims. The various environmental factors significantly
influenced the development of the biofilm, and high levels of EPS production were produced
after 96 hrs.

3.4. Antibacterial activity of methanolic extract of MISK
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The large "chemical space”" of substances found in natural sources, such as plants and
herbal material are well-known. Recently, there has been great attention to the isolation and
characterization of plant extracts and secondary metabolites as potential antimicrobial agents for
infectious diseases (Jalal et al., 2021: Spengler et al., 2022). Mangifera indica seed kernel shows
effective antibacterial activity at 100 L/mg concentrations. It produced 13.0+0.1 mm, 17.0+0.1
mm and 19.0£0.15 mm zone of inhibitions against biofilm-producing E. coli. Table S4 shows the
50 ¢L/mg concentration of MISK to reduce the biofilm ability of the E. coli at 96 h. Gradually it
will affect the E. coli in different environmental conditions, e.g., the 24 h in Nutrient Broth
showed an 0.11 OD value, followed by the 96 h extract, ultimately reducing the growth of E.
coli, with an OD value of 0.008. This indicates that the 50 pL./mg concentration of MISK
decreased the E. coli growth at 96 h. The different pH and temperature conditions stated the
same results for UPEC. M. indica seed kernel contained some phenolic compounds that proven
to be useful to eradicate biofilm-formation. This could be due to the specific phytochemicals
present in these extracts. One of the earlier studies suggested that MISK contained steroids,
terpenes, polyphenols, and phenolic compounds (Rajan et al., 2011). Consequently, the MISK
Soxhlet-extract that includes the particular compound may be used as a prospective source of
therapeutic compound that works to prevent UPEC from forming a biofilm. Similarly, Bua et al.
showed that Austroeupatorium inulifolium essential oils possessed significant antibacterial
activity against biofilm-forming pathogens such as S. aureus, S. epidermidis, and Mycobacterium
tuberculosis (Bua et al., 2018).

3.5. Antibiofilm activity and EPS Extraction of MISK

Tables 3 and 4 indicated the level of EPS production in UPEC in the presence of the 50

#L/mg concentration of MISK; based on our findings, EPS concentration was significantly
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reduced at 96 h, as the EPS is one of the important factors, as it will induce biofilm formation
and provide stability to the biofilm structure. Our result shows the EPS level was reduced
considerably at 96 h. Table 5 shows the antibiofilm activity of Soxhlet-extract on MISK in 100
p#L/mg concentration. It shows the good antibiofilm effect against the UPEC isolates. Different
nutrient, pH, and temperature environments also showed noteworthy activity against E. coli.
MISK reduces the biofilm-forming activity at 72 h in the different nutritional environments
(Nutrient Broth OD: 0.005), SDB (OD: 0.009), MRS (OD: 0.012), the same results as indicated
by the other condition like pH and temperature. pH 7 shows good antibiofilm activity in this
condition, as the MISK completely reduced the growth of E. coli at 48 h when compared to the
other pH conditions. Temperatures 30°C and 37°C show the complete arrest of E. coli growth at
48 h compared to other conditions. EPS concentration was completely arrested by using Soxhlet-
extract of MISK in 48 h. It indicates the 100 yL/mg concentration of MISK was very effective
against biofilm-forming UPEC (Table 6). The interaction of plant extracts and antibiotics with
synergistic activity against microbial pathogens has been reported numerous times previously.
For example, Donadu et al. (2021) reported that essential oils of Ruta graveolens showed
excellent anti-biofilm activity and synergism with other antibiotics. Likewise, Abraham et al.,
(2012) also reported that some of the plants extracts inhibit biofilm formation. The Soxhlet-
extract has phenolic compounds, which presumably have important roles in the anti-biofilm
efficacy. According to Shan et al. (2007), phenolic compounds play a major role in the
antimicrobial properties of many plant extracts.
3.6. Phytochmical analysis

According to the preliminary phytochemical screening, the Soxhlet-extract contained

alkaloids, terpenoids, carbohydrates, flavonids, phenolic compounds, and tannins. This test is
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necessary to determine the primary type of phytochemicals present in the extract. This study
suggested the biological activity of phenolic compounds like flavonoids, terpenoids, and tannins
(Table S5). It is necessary to identify the unidentified compounds using various physiochemical
spectroscopic techniques, including FT-IR, UV-VIS, and GC-MS. Thus, we characterized the
mangiferin using the aforementioned spectroscopic techniques, and the outcomes were evaluated
against previous literature reports (Prakash et al., 2013).
3.7. UV-visible analysis

Numerous different molecules are found in plants that are directly or indirectly involved
in photosynthesis and may also give the plants their colour. Because they absorb UV-A and UV-
B rays and have antioxidant properties, natural substances derived from plants are also being
investigated as potential sunscreen resources. There is compelling evidence that the accretion of
UV light-absorbing phenolic and flavonoids in the epidermal tissue of plants, which have
outstanding antioxidant and photo-protecting properties, is triggered by DNA-damaging UV
light. The present result exhibited a phenolic compound in the UV region, indicating a potential
active compound. The w-n* transition lies in the UV region. The electronic spectra of the
compound are characterized by the n-n* transitions (A = 238, 256nm), was in agreement with the
reported bands for the xanthenes nucleus in mangiferin (Jo et al., 2016; Gomez-Zaleta et al.,
2006).
3.8. FT-IR analysis

Fig. 1 shows the FT-IR analysis of MISK. The spectrum contains strong absorption at
16530m'ndicating the presence of a carbonyl group (C=0). O-H stretching was observed at

3414cm’!. The stretching of (C=C), (C-0), (Ar-H) and (C-O-C) were observed at 1436, 1208,

3005 and 1024°™! respectively.
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3.9. GC-MS analysis

GC-MS was recorded in a Thermo GC-Trace Ultra Ver:5.0, Thermo MS DSQ II and the
mass spectra shown in Fig. 2. For mangiferin, the parent ion peak [M+H]* comes at m/z 423 and
the product ion peak comes at m/z 357, followed by the fragments peak at m/z 405, 387, 369,
357, 327, 303, and 273, respectively. In the recorded mass spectra of mangiferin, similar m/z
peaks were observed. This points to the presence of mangiferin in the tested extract
(Suryawanshi 2007, Patil et al., 2019). All the above spectroscopic methods possibly suggests
that compound present in the Soxhlet-extract was mangiferin and that this compounds had a
critical role in the antibiofilm activity of the extract against the UPEC isolates tested.

Compounds with one or more aromatic rings and hydroxyl groups are known as
phenolics. Due to the different hydroxylation patterns and stereochemistry at the three chiral
centres, there is considerable diversity in their structure. The current FT-IR peaks showed
aromatic rings with hydroxyl groups, which supported this conclusion. The findings of this study
showed phenolic compounds that inhibit biofilm and the reduction of microbial populations on
epithelia and mucosa, which might cause infection. Due to an inadequate penetration, drug
inactivation, variable of strains, or the physiological condition of microbes in the biofilm,
inhibiting the adhesion of planktonic microbial cells to an adsorbent is smoother than the ability
to inhibit the association of a previously founded biofilm (Nassima et al., 2019).

The chemical nature of the analysis, assay method, choice of standards, and presence of
interferences all have an impact on how much phenolic compounds are present in plant extract.
By using GC-MS, the purified phenolic acids' chemical structures were verified (Khoddami et
al., 2013). The M. indica Soxhlet-extract displays phenols like angiferin (1,3,6,7-

tetrahydroxyxanthone-C2 -f-D-glucoside).
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3.10. In silico Analysis

To carry out our in silico analyses, mangiferin must be docked into the binding pocket of
LpxC E. coli. Our docking simulation produced a target protein structure that was quite similar
to our observations. Mangiferin had a strong interaction with LpxC, and had a strong inhibitory
effect. The amino acid residues LEU 18, MET 195, SER211, and LYS239 were found in the
active site of LpxC E.coli and played an important role. Figure 3 shows the amino acid residues
ARGS841 and LEU797 were involved in interactions with mangiferin the active site of CAMP
LpxC. The length of the hydrogen bond formed 1.880 A and 1.976 A. The ICso values of this
compound was determined as 26 gmol, and a low docking score (-7) (Table 7). Rath et al., 2016
already revealed that IpxC catalyses the initial stages of the lipid biosynthesis. During our in
silico analyses, mangiferin was shown to bind the specific active sites of CAMP LpxC (Fig. 3).
The blocking of LpxC leads to an increase in the permeability of antibacterial agents and reduces
the abundance LPS in outer membrane of Gram-negative bacteria, like E. coli. The present

study shows that mangiferin is one of the major compounds that could lead to the eradication of

biofilm formation and to an arrest in EPS formation.

5. Conclusions

M. indica seed kernel is rich in phytochemicals and secondary metabolites, and it has
been widely used in alternative medicine in the treatment of UTIs. The present preliminary in
vitro and in silico study has revealed that 50 yL/mg and 100 uL/mg concentrations of M. indica
seed kernel have shown considerable anti-biofilm activity against UPEC in various nutritional
and environmental conditions. In addition, based on the collective findings of our in vitro and in

silico analyses, mangiferin may be the principal compound responsible for the anti-bacterial and
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anti-biofilm effects of the extract. Although more research is needed to establish the exact
mechanisms underlying the anti-biofilm capability of M. indica seed kernel at the molecular
level, and to assess their biological functions for their safety in the development of a novel herbal

product for clinical applications.
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