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Abstract

This study investigates the therapeutic potency of endophytic fungi, Schizophyllum commune (AVNK2)
isolated from Nigella sativa seeds. As endophytes are promising sources of bioactive compounds
that mimic the host plant, research in this area leads to novel drug discovery with minimal side
effects. 8 Fungal endophytes (AVNK1-AVNKS8) were isolated from N. sativa seeds with the potent
endophyte (AVNK2) molecularly identified as Schizophyllum commune using 18S rRNA sequencing and
phylogenetic analysis and submitted in the GenBank with the accession number. Antimicrobial screening
against human pathogens (Candida albicans, Salmonella typhimurium, Pseudomonas aeruginosa,
Staphylococcus aureus, and Aspergillus brasiliensis) was done using dual-culture and the agar-well
diffusion methods. S. commune confirms its highly potent antimicrobial activity with a MIC value of 25
ug/mland IC_ value of 2.05 millimolar (mM). The bioactivity of S. commune was enhanced using one-
factor-at-a-time (OFAT) optimization of physio-chemical parameters of the culture medium. The optimal
physicochemical parameters of culture media for enhancing bioactivity were glucose as carbon, beef
extract as nitrogen sources, pH 7.0, and temperature 30 °C with 21 days of incubation. Characterisation
of S. commune shows extracellular enzymes and potent bioactive secondary metabolites (flavonoids,
terpenoids, phenols, steroids, tannins, and cardiac glycosides) responsible for its therapeutic efficacy.
The anticancer efficacy of methanolic extract was evaluated using GC-MS analysis and molecular docking
studies (Software-AutoDock Vina). In silico studies show binding affinity of -5.9 kcal/mol against colon
cancer target protein (PDB ID 2HQ6) and -22.0 kcal/mol against tumour-homing peptide (PDB ID 7W80),
confirming S. commune as a promising source for anticancer treatment.
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INTRODUCTION

Infectious diseases and cancer are global
health issues. Increased relapsing of earlier known
diseases and cumulative after effects of the existing
non-natural and manmade chemical drugs urges
the emergence and evolution of current drugs into
safe, novel, and potent drugs with minimal side
effects.? In rural majority communities, people
use traditional medicine of ethnomedical plant
extracts due to their accessibility and affordability,
as they serve as reservoirs of novel bioactive
constituents.??® Nigella sativa, a nonindigenous
ethnomedicinal plant, has been used for centuries
for the treatment of dreadful diseases and wide-
spreading microbial infections. Its odor, spicy
taste, and medicinal properties make it a popular
ingredient in cooking.* Its bioactive compounds
possess antibacterial, anticancer, and antioxidant
properties by scavenging free radicals and
preventing cell damage.>”’

Endophytes are endomutualistic
microorganisms that colonize the intercellular or
intracellular plant cells, produce phytohormones
and bioactive metabolites to enhance the host’s
growth, tolerate stress, and resist pathogens/
pests/insects.® They are of biotechnological
interest to humankind as they are the treasure
trove of therapeutically active constituents, which
are of more importance in the field of biomedicine
and of industrial use. The present study explores
the bioactivity of S. commune isolated from
N. sativa seeds. Schizophyllum commune, a
basidiomycete, produces lignocellulolytic enzymes
such as celluloses, pectinases, and laccases
responsible for the degradation and decolorization
of synthetic dyes,® and can directly produce
bioethanol using lignocellulosic biomass. S.
commune is important in oil recovery, the food
industry, and the pharmaceutical industry for its
therapeutic efficacy and non-specific stimulator of
the immune system.

In the recent decade, the most pressing
issue faced by humankind is infectious diseases
as they take less time to spread and more time
to diagnose. Perhaps the COVID-19 contagion
spread all over the world in a minimal time, by
the outburst of coronavirus and taken out the
lives of more than 600 million people all over

the globe and stands as the greater example.®
The inappropriate frequent and extensive use of
synthetic antibiotics compelled human pathogens
to develop resistance to the existing man-made
medicine. In Consequence, the hunt for natural
antimicrobial substances with advanced novel
structures and bioactivities and designing them
into commercial therapeutic drugs has been
elevated as a research hotspot in the field of
biomedicine.’

GC-MS technique for investigating
bioactive metabolomes of endophytes made the
evaluation easy and accurate.? It is considered
the gold standard for understanding fungal
endophyte mycochemical profiles, aiding in drug
development through virtual screening and low-
cost computational methods.

The present study focuses on the
isolation of endophytic fungi from the seeds
of Nigella sativa, evaluates the production of
Bioactive metabolites, and optimizes the culture
conditions of S. commune for enhancing bioactive
metabolome production and analyses. The
therapeutic potency in terms of antimicrobial and
anticancer efficacy using GC-MS, in vitro screening,
and in silico studies.

MATERIALS AND METHODS

Isolation of endophytic fungi from Nigella sativa
seeds

Healthy dried seeds of Nigella sativa
are collected from the market in Saudi Arabia
and preserved in the aseptic environment for
the future purpose of research. 20 grams of the
Nigella sativa seeds were measured and washed
thoroughly under the tap water with consistent
force to remove epiphytic filth and contaminants.
Then the seeds were thoroughly surface sterilized
with 20% hydrogen peroxide for 20 minutes, 95%
ethanol for 5 minutes, 4% sodium hypochlorite
for 3 minutes, 0.1% mercuric chloride solution for
1 minute, and 20% formaldehyde for 2 minutes.
The surface sterilized seeds were rinsed multiple
times with double-distilled water. An aliquot of the
last rinse was used as a control to assess surface
sterilization effectiveness. Then the sterile seeds
were placed in the sterile mortar and pestle and
macerated well into a fine paste and then added
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with 5 ml of double-distilled water, diluted for
10 serial dilutions, and 100 pl of each dilution
was inoculated on Sabouraud’s media using the
pour plate method. Triplicates of the inoculated
plates were incubated for a period of 7-14 days
at room temperature, and the emerging isolated
endophytic fungal colonies were subcultured
separately based on the morphological differences
to obtain pure cultures.®

Molecular identification of AVNK2

The molecular level of identification
of AVNK2 was done through PCR and 18S
rRNA sequencing (Sanger dideoxy sequencing)
using Location/Qualifiers source 1..1302 /
organism="Schizophyllum commune”/ mol_
type="genomic DNA”/isolate="AVNK2"/db_
xref="taxon:5334"/geo_loc_name="Saudi Arabia”
/collection_date="24-Mar-2023" rRNA <1..>1302
/product="small subunit ribosomal RNA” by
Macrogen, a commercial company in Seoul, South
Korea, followed by phylogenetic analysis using the
neighbor-joining method, and the identified strain
(AVNK2) was deposited at the NCBI gene bank in
India.

Morphological characterisation of Schizophyllum
commune

S. commune is examined microscopically
using the slide culture technique. The slide culture
technique is done using 2 x 2 cm of solidified agar
block was transferred onto a sterile glass slide was
inoculated with the actively growing S. commune in
a sterile environment, covered up with a sterilized
cover slip to allow the growth of the mycelium
onto the coverslip, and it was enclosed within
a sterile Petri plate.* S. commune is incubated
till the complete growth. Then the coverslip was
stained with lactophenol cotton blue placed on
a clean and sterile slide and examined under the
microscope.’® Morphological characterization was
done by observing the surface and texture of the
colony, mycelium, position, and structure of the
conidia, and spore morphology.

Preliminary screening of antibacterial activity
using the dual-culture method:

Spot inoculation of actively growing S.
commune and the pathogenic fungus Aspergillus

brasiliensis (NCIM1196) was done on the opposite
ends of the Petri plate. The plate without
endophytic fungi serves as the negative control
for the growth of the pathogenic fungi.'® For a
period of about 12-14 days, triplicates of the
dual-culture plates were allowed to get incubated
at ambient room temperature. The antagonistic
activity was analyzed in terms of growth inhibition
of pathogenic fungi when compared with that
of negative control plates.’” The antimicrobial
efficacy of the potent S. commune was further
guantitatively analyzed using the agar well-
diffusion assay or disk diffusion test.

Preparation of Inoculum for Antimicrobial Efficacy
Using Agar Well-Diffusion Assay/Disc Diffusion
Test

The antimicrobial potentiality of S.
commune was examined against Staphylococcus
aureus (NCIM2079), Clostridium sporogenes
(NCIM5113) which were gram-positive bacteria,
gram-negative bacteria. In this research, we
have used Salmonella typhimurium (NCIM2501),
Pseudomonas aeruginosa (NCIM2200), and the
pathogenic yeast Candida albicans (NCIM3471).%8
The concentration of the Mueller-Hinton Broth in
which pathogens were pre-cultured was made
into 108 cells/mL by adjusting it to the turbidity/
concentration of a 0.5 McFarland standard
solution.* Three-day-old culture of S. commune
was used as inoculum in the Sabouraud’s broth
and incubated for 21 days. After the incubation
period, the fully grown culture of S. commune was
filtered with the help of Whatman paper, and the
filtrate which was collected after centrifugation.?®
The pellet was discarded, and the supernatant
was used for antimicrobial activity. 1 ml of freshly
grown pathogenic bacterial culture was added to
Mueller-Hinton Agar medium, mixed well, and
poured. Upon solidification, 6 mm wells were
made using a cork borer which was sterilized by
heating it to red hot, 100 ul of Inoculum, and 100
ul of standard streptomycin solution (the positive
control) were added into the well with the empty
well as a negative control.?* The bioactivity was
evaluated according to the clearance zone or
the zone of inhibition (ZOIl) after 18-24 hours of
incubation.?
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Isolation of secondary metabolites and metabolic
profiling of Schizophyllum commune

Schizophyllum commune was cultured
in Sabouraud’s broth and incubated for an
incubation period of 21 days. Then the broth was
filtered using Whatman No. 1 filter paper and
centrifuged and the pellet collected was discarded,
and the supernatant was collected and used for
metabolomic profiling.? The primary metabolites
of S. commune were analyzed by various enzymatic
assays (amylase, cellulase, protease, laccase, and
pectinase),? while the bioactive constituents
derived from the methanolic extract of endophytic
fungi, S. commune, were evaluated qualitatively by
different myco-chemical studies.®

Optimisation of Physical and chemical culture
parameters and solvent selection for extraction of
bioactive metabolomes from the Schizophyllum
commune

Firstly, the growth curve of the endophytic
fungus Schizophyllum commune was analyzed.
The fungal inoculum was added into 300 ml of
the Sabouraud’s broth and harvested at different
points of the incubation period (7, 14, 21, 28,
and 35 days); the wet weight and dry weight of
S. commune were noted, and its antimicrobial
activity against human pathogens was tested. The
optimal incubation period was determined by the
highest ZOlI.

In the second study, different physical and
chemical culture conditions like temperature, pH,
carbon source, and nitrogen source were tested
by inoculating S. commune in various ranges of
physio-chemical parameters, respectively, and
harvested after 21 days. The wet weight and
dry weight of S. commune were noted, and its
antimicrobial activity against human pathogens
was tested. The culture with the highest ZOI
is the optimal culture condition for enhanced
antimicrobial metabolite production.

In the third study, secondary metabolites
were extracted with different solvents and tested
for their antimicrobial activity after incubating in
the above-optimized conditions.?®?” The highest
ZOI confirms the most suitable solvent for the
extraction of bioactive metabolites. Further,
optimization efficiency was checked by comparing
the antimicrobial activity of the media before and
after optimization.?

Determination of antimicrobial susceptibility or
Minimum Inhibitory Concentrations (MIC)

The Antimicrobial susceptibility is usually
evaluated by analyzing the minimum inhibitory
concentration of S. commune crude extract against
human pathogens. The minimum inhibitory
concentration of S. commune crude extract can
be determined by any of the standard and reliable
techniques, i.e. Broth Micro dilution method/Agar
dilution methods.? Agar dilution method offers
advantages such as the ability to test multiple
concentrations of the drug simultaneously and
reduce the risk of drug precipitation, exposure
to pathogens resulting in more biosafety. In
our study, Agar diffusion method is done with
minor modifications by the addition of doubling
concentrations of extract (6.25 pg/ml, 12.5 pg/
ml, 25 pg/ml, 50 pg/ml, 100 pug/ml, and 200 pg/
ml) into the wells of agar plate supplemented with
known concentration of pathogens (adjusted using
McFarland’s standard suspension).'* The lowest
concentration required for the inhibition of the
visible growth of pathogens gives the MIC of S.
commune crude extract.*

GC-MS evaluation of extracts obtained from S.
commune and Nigella sativa seeds

GC-MS technique and the analysis of its
report were done to assess the Mycoconstituent
profile of ethyl acetate extracts from Schizophyllum
commune and Nigella sativa seeds. By comparing
the retention duration, mass peak patterns, and
spectrum acquired concerning the (NIST) database
and also from the Wiley Registry of Mass Spectral
Data, New York,3! the therapeutically active
constituents within the extracts were analyzed.
Ethyl acetate crude extracts of the endophytic
fungi, Schizophyllum commune, and Nigella sativa
seeds were compared and assessed to confirm
that the endophyte was isolated from the host
plant and to verify that the common bioactive
compounds were present due to the horizontal
transfer of therapeutic genes. The methanolic
extract of S. commune was subsequently examined
for the wide variety of bioactive components
using GC-MS analysis as it had the largest zone
of inhibition and the lowest MIC value thereby
confirming the high range of Antimicrobial
susceptibility.??
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Molecular docking investigations

Using in silico studies, key elements of the
methanolic extract’s mycochemical profile were
chosen and their potential as an anticancer agent
was examined. The main bioactive secondary
metabolites of S. commune were docked as ligands
into the target proteins’ receptor’s active site
using AutoDock Vina.*®* By downloading the PDB
ID from the protein data bank3*% the metabolites’
SMILE ID from PubChem was matched with the
target proteins’ residual site. The stick model
representation of the ligands includes interacting
residues® and variously colored H-bonds, which
were utilized as input data for the Seam Dock
application using AutoDock Vina as a software
within it to perform the docking stimulation.333637
The grid box for the docking simulations was
constructed using a graphical user interface tool,
and the best-docked conformation between the
ligand and the target receptor protein with the

MW&603607.1 Schizophyllum sp. isolate B2A

106 ON312940.1 Schizophyllum sp. isolate FGZ9

AB245444.1 Schizophyllum sp.

PP957308 Schizophyllum commune AVNK2 *

X54865.1 Schizophyllum commune

PPS510417.1 Schizophyllum commune isolate E 2

most advantageous least free binding energy was
selected using the docking algorithm.3®

RESULTS AND DISCUSSIONS

Isolation of fungal endophytes from Nigella
sativa seeds

A total of 8 fungal endophytes (AVNK1-
AVNKS) were isolated from the N. sativa seeds and
subcultured into pure cultures. AVNK2 was chosen
for further study due to its bioactive potential.

Molecular identification of AVNK2

The 18S rRNA gene sequence from
AVNK2 was amplified by PCR technique and
Sanger dideoxy sequencing. The blast sequence
of the AVNK2 strain in ex-taxon was subjected
to the pairwise sequence similarity search and
showed that the 18S rRNA gene sequence from

0Q947072.1 Schizophyllum commune isolale QJ-B-HB-1

- KT715706.1 Schizophyllum commune culture MUT ITA :5240

0Q947073.1 Schizophyllum commune isolale QJ-B-HB-3

Figure 1. Dendrogram constructed by neighbor-joining method showing that AVNK2 has 100% sequence similarity

with Schizophyllum commune (PP957908)
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AVNK2 has shown 100% similarity with the partial
18S rRNA sequence of Schizophyllum species.
Phylogenetic studies based on 18S rRNA partial
gene sequence revealed that AVNK2 is closely
related to Schizophyllum commune and illustrated
using the dendrogram in Figure 1 and deposited in
NCBI as Schizophyllum commune with Gene Bank
accession number PP957908.

Table 1. Antimicrobial activity of S. commune against
Human Pathogens

Antimicrobial activity of S. commune done using
the Agar Well Diffusion method

No. Human Pathogen Zone of Inhibition

(in mm)
1 Pseudomonas aeruginosa 18
2 Salmonella typhimurium 18
3 Staphylococcus aureus 48
4 Candida albicans 24
5  Clostridium sporogenes 42

Morphological characteristics of Schizophyllum
commune

Microscopically, the lactophenol cotton
blue mount of S. commune revealed hyaline,
septate, non-dichotomously branched hyphae
with clamp connections and spicules, as well as

Table 2. Metabolomic profiling of S. commune

Primary/Secondary Result
Metabolites
Amylase +++
Extracellular Laccase ++
Enzymatic Assays +++
Cellulase Protease ++
Pectinase +++
Phenols +++
Flavonoids +
Myco-chemical Terpenoids +++
Screening Sterols +++
Tannins ++
Saponins ++
Cardiac Glycosides +++

Zone of Inhibition (mm) <14 mm (Resistant); >15-18 mm
(Intermediate); >19 mm (Susceptible)

WL “Hypha bearing clamp con
i }S/NKZ yp| ) P
1 /

/

Figure 2. Morphological characteristics of S. commune

+++ (Indicates) Maximal Presence; ++ (Indicates) Moderate
Presence; + Presence

. o : )
nections_.~ Mycelium with Spicules ™

\~
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an aerial, spreading cottony, whitish mass growing
linearly and apically on Sabouraud’s agar medium.
The morphological characteristics are illustrated in
Figure 2.

Preliminary screening of antimicrobial activity
using the dual culture method

Figure 3 illustrates the antimicrobial
activity of S. commune, which was confirmed by
comparing the growth radius of pathogenic fungi
in a control plate (pathogenic fungi alone) with
that of endophytic fungi in a dual culture plate
(Pathogenic fungi along with Endophytic Fungi,

-ve Control plate with out AVNK2

S. commune). After 21 days, S. commune showed
high growth inhibition on Aspergillus brasiliensis,
confirming its antimicrobial activity.

The radius of Pathogenic fungi alone in
the control plate = 80 mm

The radius of Pathogenic fungi along with
S. commune in Dual culture plate = 0.4 mm

Radius of growth inhibition (RGI)

Radius of pathogenic fungal colony
without S. commune (in mm) - Radius of pathogenic
fungal colony with S. commune (in mm).?®

Figure 3. Antimicrobial potency of S. commune using Dual-culture method

Optimization of Physical parameters of culture media

Effect of Growth curve on
Antimicrobial activity of
S.commune

50 30
~
= 45 E
€ 40 25
E s E
N’
£20
=)
830 2
£ =
= 25 215
=] [=]
g 20 o
4 ]
o 15 cl)10
1] =]
5
0 0
0 7 14 21 28 35

34567829

Incubation period (in days)

Effect of pH on
Antimicrobial

Effect of Temperature
on Antimicrobial

activity of activity of S.commune

S.commune

N w
()] o

N
o

_
o

Zone of Inhibition ( in mm)
o o

o

20 25 30 35 40

pH Temperature (in ° ¢)

Figure 4. Effect of Optimization of Culture Conditions (Physical parameters) on Antimicrobial activity of S. commune
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RGI of S. commune = 80-0.4 = 49.6 mm

% of Growth inhibition (Gl) of S.
commune = (RGI / Radius of Fungal Colony without
S. commune) x 100

% of Gl of S. commune =49.6/50 x 100 =
0.992 x 100 = 99.2%

The percentage of Growth inhibition of
pathogenic fungi by S. commune is 99.2%. The
Schizophyllum commune is isolated from the seeds
of Nigella sativa exhibited the highest growth
inhibition of 99.2%, which is greater than the
Growth Inhibition of S. commune isolated from
the soil exhibited 86.47% growth Inhibition as
reported by Ricky B. Acantlo.

Antimicrobial efficacy of S. commune using Agar
well-diffusion assay or disc diffusion method
The antimicrobial efficacy of S. commune
against various human pathogens was determined
in terms of Zone of Inhibition (clearance zone in
mm) using the Agar Well-Diffusion assay or disc
diffusion method, as shown in Table 1. According
to the American Society of Microbiology, the zone
of inhibition <14 mm shows resistance, >15-18
mm shows intermediate, and >19 mm shows
Susceptibility to the pathogenic bacteria. Table
1 illustrates that S. commune extracts exhibited
considerable antimicrobial efficacy against a few
Gram-positive bacteria that were utilized for this

Optimization of chemical parameters of culture media

Effect of Nitrogen Sources on
Antimicrobial activity of S.commune

w
o

Zone of Inhibition (in mm)
= S NN
[« lNé) el Nee)]

Effect of Carbon Sources on
Antimicrobial activity of S.commune

—~ 30 o4 26

=) 25 20 22 22 20

g - 18

g 22 I

=~ 15 ‘

g 10 l |

£ s M

= 0

= N
2 2 & @2 & X 3

¥ é@% c}oe 6@9 \)00@ c}oe @,\o < &S
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o
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Figure 5. Effect of Optimization of culture conditions (chemical parameters) on Antimicrobial activity of S. commune
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Figure 6. Antimicrobial activity of S. commune extract
using different solvents
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study (Staphylococcus aureus and Clostridium
sporogenes) than the Gram-negative bacteria
(Salmonella Typhimurium and Pseudomonas
aeruginosa). Gram-positive bacteria have a less
complex structure of the rigid peptidoglycan cell
wall and so are more likely to be more sensitive
to antimicrobial agents than Gram-negative
bacteria probably due to the inhibition of cell wall
synthesis.®® As illustrated in Table 1, Endophytic
fungi, Schizophyllum commune shows significant
antimicrobial activity against pathogenic bacteria
with the highest clearance zone of 48 mm which
is comparatively greater than the clearance zone
of 11 mm by S. commune reported by Mirfat et al.,
against Staphylococcus aureus.**

Figure 8. Antimicrobial activity plate showing MIC of S.
commune extract against Candida albicans

Physiological characterization of S. commune
Table 2 illustrates the physiological
characterization confirming the production
of extracellular enzymes and the bioactive
constituents contributing to their establishment
inside the host and their therapeutic efficacy.
Table 2 illustrates the presence of extracellular
enzymes like cellulases, and pectinases which
help the endophyte to enter the cell by disrupting
the plant cell wall and colonizing inside the host
cell by counteracting its chemical defenses.
Amylases produced by S. commune are useful
for the breakdown of the starch content within
the host plant and thereby indirectly involved in

Table 3. IC_ value of S. commune extract against
Candida albicans

Half-maximal Inhibitory concentration of S. commune

No. Concen. of Zone of Half-maximal
Methanolic Inhibition concen.
Extract of (in mm) (IC,, value)
S. commune
(in pg/ml)
1 00 00
2 6.25 10
3 12.5 14
4 25 18 2.05 mM
5 50 20
6 100 22
7 200 24

Table 4. GC-MS analysis of S. commune and Nigella sativa seed extracts

No. Area% Bioactive Metabolite in Area %  Bioactive Metabolite in
Nigella sativa ethyl S. commune ethyl acetate
acetate extract extract

1 39.68  (Z)-18-Octadec-9-enolide 23.72 9,12-Octadecadienoic acid (Z,2)-

2 16.89 Linoleic acid ethyl ester 14.39 Linoleic acid ethyl ester

3 9.49 Ethyl Oleate 12.53 Oleic Acid

4 6.23 9,12-Octadecadienoic acid (Z,2)-, 9.92 Ethyl Oleate
methyl ester

5 4.38 n-Hexadecanoic acid 7.48 n-Hexadecanoic acid

6 3.81 9-Octadecenoic acid, methyl ester, 5.29 9,12-Octadecadienoic acid (Z,Z2)-, methyl
(E)- ester

7 3.78 Hexadecanoic acid, ethyl ester 3.65 Hexadecanoic acid, ethyl ester

8 2.08 Octadecanoic acid, ethyl ester 3.23 9-Octadecenoic acid, methyl ester, (E)-

9 0.96 Hexadecanoic acid, methyl ester 1.51 Octadecanoic acid, ethyl ester

10 0.85 Ethyl (9Z,12Z)-9,12-Octadecadieno 1.02 Hexadecanoic acid, methyl ester
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the metabolism of production of different potent
bioactive metabolites.*? Table 2 also shows the
presence of proteases and laccases which help
in the biodegradation of pollutants, wastewater
treatment, and Biofuel production used in the
Pharmaceutical, cosmetic, detergent, paper, and
leather industries apart from their ecological
applications.*®* The mycochemical profile (Table 2)
illustrates that S. commune has a higher amount
of Phenols, terpenoids, sterols, and cardiac
glycosides, followed by tannins and saponins,
followed by Flavonoids. Phenols have been in the
spotlight in recent times due to their antitumor
and antioxidant activities, terpenoids have a wider
range of biological activity in the pharma industry
ranging from Antiinflammatory, and anticancer
to antimicrobial activity, certain Tannins were

reported to have antiviral activity and can even
inhibit HIV replication.

Optimization of the physical and chemical culture
parameters for the growth and yield of bioactive
compounds from S. commune

The optimal culture conditions for
enhanced production of antimicrobial compounds
from S. commune were Sabouraud’s media with
glucose (40 g/litre) as carbon and peptone (10
g/litre) as nitrogen sources, 30 °C in the case
of Temperature, 6.0 as optimal pH, and 21 days
incubation period. Figure 4 and Figure 5 illustrate
the effect of different physical and chemical
culture parameters on the production of bioactive
secondary metabolites.

The methanolic extract and the ethyl

Chromatogram NSS AVNK2 NSS D:GCMS DATANov 2024\NSSINSS AVNK2 Methanol.qed

Tic
3000000 13,000,000
2500000 :
2000000+
15000004
1000000 5
g
5 g
3 = s =
= T 3 = g =
500000 e g 5 2 s g
- T 3 3 =
k] - |
— ——+ B T - 3 . — T
30 100 20.0 300 40.0
man
Peak Report TIC
Peak# R.Time Area Aran’c Nane
1 3290 108149 0.54 4(1)-Pyridine, N-acctyl-
2 31593 334263 1.67 2,5-ANHYDRO-1,6-DIDEOXYHEXO-3.4-D
3 3770 101913 0.51 ETHANONE, 14|H-PYRROL-2-YL)
4 3.865 1968649 9.86 N-Methyl-N-| 2-(mehylaminojethyl[cyclohexa
5 5.080 5712599 2B.61 4H-Pyran<4-one, 2.3-dihyydro-3 S-dihydroxy-6
6 5786 1864000 9.33 2-PIPERIDINONE
7 6405 338190 1.69 Piperidine-1-dithiocarbaxylic acid, 2-oxocyclo
8 6.582 148719 0.74 2-FURANCARBOXALDEHYDE, S-{HYDR(
9 6850 210026 1.05 BENZENEPROPANOL
10 6975 631374 3.16 Ketane, methyl 2-metlhyl-1,3-axothiolan-2-yl
1] T.R47 1795208 B.99 4H-Pyran-d-one, 2 3-dibydro-3 S-dihydroxy-6
12 15.955 Tl4917 3.58 2-Bulcnumnide, 2-cthyl-3-methyFN-phenyl-
13 20.579 300123 1.50 3-Methyl-2.3,6,7,8.80-hexahydropymrolof 1 2-a
14 21.673 1466588 7.3 Pymolo[1.2-a]pyrwane-1 4-dione, hexohydro-
15 26.092 1408949 7.06 244-|1-[(2-Andnoelbyl Jamino Jethyl] piperwi
16 30.91 1876512 9.40 3,6-DIISOBUTYL-2,5-PIPERAZINEDIONE
17 0436 409610 205 Acrylamide, N-allyl-N+{3-mcthy{butyl)-
18 37.608 578359 290 3-BENZYL-6-ISOBUTYL-2,5-DIOXO-PIPE!
19968148 100.00

Figure 9. GC-MS analysis report of Methanol Extract of S. commune
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Table 5. Docking analysis of S. commune

No. Bioactive

Compound

Ligand/
SMILE ID

Receptor/ Disease
target

protein

(PDBID)

Binding Residue involved Residue Involved

Affinity

in Hydrogen
Interactions
(Ligand Atom-
Receptor)

in Hydrophobic
Interactions
(Ligand Atom-
Receptor)

3,5-Dihydroxy-
2,3- Dihydro-6-

Methyl-4H-pyran-

4-one(DDMP)

DDMP

CC1=C(C(=0)
€(c01)0)0

CC1=C(C(=0)
€(c01)0)0

Colon
Cancer

2HQ6

Different
types of
Cancer

7W80

-22.0

01-G74(A)O
01-G75(A)0
04-G74(A)O
04-G75(A)0
03-A1029A)0
01-S111(A)N
01-Q112(A)N
01-Y18(B)O
01-Y18(H)O
04-Y18(B)O

No Interactions

C1-W19(F)CZ3
C1-W19(H)CzZ2

03-W19(A)O
03-W19(B)O
03-W19(F)O
03-W19(J)0
03-W19(L)0
03-W19(M)O
03-E20(D)O
03-E20(1)0
03-E20(K)OE2

acetate extract of S. commune were proven
to extract the major proportion of bioactive
compounds possessing antimicrobial activity
compared to the aqueous, chloroform, and hexane
extract. The efficiency of different solvents on
the extraction of secondary metabolites and
enhancement of the antimicrobial activity of
S. commune was illustrated in Figure 6. As the
methanolic extract and the ethyl acetate extract
of S. commune show the highest antimicrobial
activity, they were selected for further studies
analyzed by GC-MS analysis and evaluated by
Docking.*4

The ZOl of S. commune after optimization
is greater than that of the prior one, demonstrating
the enhancement of the antimicrobial activity of
the bioactive compounds of S. commune after
utilizing the optimal conditions is clearly illustrated
in Figure 7.

Antimicrobial susceptibility or Minimum
Inhibitory Concentration (MIC) and IC_ value of
S. commune

As shown in Figure 8, the MIC of S.
commune crude extract is the concentration
at which no pathogen growth takes place in
the medium.*® The half-maximal inhibitory
concentration (IC_ value) was determined using a
sigmoid (logistic) dose-responsive curve where ZOlI
is plotted against the Concentration of S. commune
extract (plotting the linear relation between the
inhibitory probability and the concentration
logarithm), which indicates the amount of drug
required to inhibit the growth by half (50%), as
illustrated in Table 3. A non-linear regression
analysis equation is used to calculate the IC,
value by using the data of ZOI of antimicrobial
susceptibility (MIC) activity. According to the
American Society of Microbiology, the zone of
inhibition <14 mm shows resistance, Though 6.25
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pg/mland 12.5 pg/ml show ZOI of 10 mm and 14
mm the pathogen may develop resistance towards
the extract and may not be effectively controlled.
The MIC is 25 pg/ml, while the half-maximal
inhibitory concentration (IC_ ) is 2.05 mM, serving
as a benchmark for the antimicrobial efficacy of
bioactive secondary metabolites.

GC-MS evaluation of extracts of S. commune and
Nigella sativa seeds

The GC-MS examination of S. commune
and Nigella sativa ethyl acetate extracts were
analysed and the highest components of the
metabolomic profile of extracts were reported
in Table 4 illustrating the common Bioactive
constituents. The present study confirms the
horizontal transfer of the bioactive genes to the
endophytic fungi from the host plant Nigella
sativa. Sharing of the therapeutically active
compounds in their metabolomic profile of the
Nigella sativa and Schizophyllum commune was
first reported in this study.

Molecular docking studies

The report of GC-MS analysis of the
methanolic extract of S. commune shows very
potent antimicrobial activity and is further analyzed
for anticancer activity using computational
methods. Figure 9 illustrates different bioactive
molecules out of which 4H-pyran-4-one-3,5-
Dihydroxy-2,3-Dihydro-6-Methyl. (DDMP)
(37.62%) is the end product of the Millard reaction
and reported to possess Anticancer,*” Anti-
Diarrhoeal,* Nephro protective,* Anti-obesity,*
Antidiabetic,* Anti Tubercular,** Antimicrobial and
Hepatoprotective properties followed by several
potent Therapeutically active metabolites.

The bioactive metabolites analyzed
from the methanolic extract of the S. commune
were already known to possess antioxidant
activity®*®3; anti-inflammatory, anti-helminthic,
and anti-diarrhoeal activities; antidiabetic
activity; antimicrobial activity against different
human pathogens; anti-sickling activity®?,
nephroprotective®; and antiproliferative activity
against different human cancer cell lines.*

In silico’s molecular docking analysis of
DDMP and 5HMF was done using the software
AutoDock Vina. The binding affinity of the
bioactive compounds of S. commune with target

proteins, which computationally evaluates the
therapeutic potencies as anticancer drugs, is listed
in Table 5.

CONCLUSION

The antimicrobial activities of
Schizophyllum commune were proved by the
dual-culture and the agar well-diffusion methods
against human pathogens. The efficiency of
antimicrobial activity was illustrated by growth
inhibition (99.2%), MIC value (25 pg/ml), and
IC,, value (2.05 pg/ml). The major compound
responsible for its bioactivity was analyzed by GC-
MS as 4H-pyran-4-one-3,5-dihydroxy-2,3-dihydro-
6-methyl. (DDMP). The therapeutic efficiency of
DDMP as antimicrobial and anticancer drugs was
analyzed by AutoDock Vina software and showed
the strong binding affinity of -5.9 kcal/mol against
colon cancer target proteins (PDB ID 2HQ6), and
-22.0 kcal/mol against (PDB ID W80) Disulfide-rich
tumor-homing peptides-binding protein that can
bind to mdm-2 (oncoprotein) using P53-mediated
tumor suppression. According to our study, S.
commune was confirmed to be a promising source
of novel antimicrobial and anticancer drugs based
on in vitro and in silico studies.
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