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Introduction

CrossMark

UNGAL derived bioactive compounds can be beneficial for the human immune system.

They act as synergistic or agonistic molecules in the therapy of various human diseases.
A total 18 rhizospheric fungi (ABRFI1-ABRF18) were identified from rhizospheric soil of
the medicinal plants of Achanakmar Biosphere Reserve, Bilaspur, India. The capacity of the
fungi to produce metabolites with therapeutic potential was examined. Crude extract from
these fungi demonstrated potent in vitro antioxidant activity with various antioxidant assays
including Ferric reducing power, Phosphomolybdenum.2,2-diphenyl 1-picrylhydrazyl,
and 2,2’-azino-bis3-ethylbenzthiazoline-6-sulfonic. Among different isolated fungi, four,
(ABRF1-Fusarium oxysporum, ABRF2-Talaromyces purpureogenus, ABRF3-Penicillium
citrinum and ABRF4- Aspergillus carneus) exhibited significant antioxidant potential. Active
metabolites of the rhizospheric fungi obtained by extraction with solvents increasing in order
of polarity, i.e. Toluene, Chloroform, Ethyl acetate, Methanol, Ethanol and Acetonitrile were
examined for antibacterial activity. Variable zones of inhibition against the bacteria Bacillus
circulans, Bacillus subtilis, Escherichia coli, Staphylococcus aureus and Ralstonia eutrophae
were observed. Further, relatively purified extracts found in the ethyl acetate fraction of
column chromatography demonstrated significant antidiabetic activity (up to 93.28+0.12)
as measured by a amylase inhibition assay. The secondary metabolites extracted from these
species may thus provide potential therapeutic ingredients for pharmaceutical applications
worthy of future study.
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is an important research area, as microorganisms

are easy to handle for any large-scale processes

Medicinal plants have been used for treatments
of various ailments in alternative medicine and
as a source of bioactive pharmaceutical agents
(Akerele et al., 1991). The growth, development
and productivity of a medicinal plant is
influenced by the soil quality and the organic and
inorganic nutrients available to the plant through
its roots. Rhizospheric regions of plants have a
diverse array of microorganisms that may affect
the growth period, cells and nutrient criteria
(Simova-Stoilova et al., 2008). The rhizospheric
regions are relatively active regions because
microbes interact with plant cells as well as with
other microbes to compete for food and growth.
Utilization of microbes like fungi and bacteria for
commercial production of secondary metabolites

(Cragg & Newman, 2013). Fungi are eukaryotic
microorganisms, easy to grow in the laboratory
and known for secondary metabolite production.
The fungi associated with plant roots are called
rhizospheric fungi. Secondary products with
therapeutic potential are formed by fungi to
inhibit other microorganisms present in the
rhizospheric range of a plant (Hibbing et al.,
2010). Asperlicin, obtained from Aspergillus
alliaceus, is effective in treating neurological
conditions (Butler, 2008); strobilurin has been
found to be effective as a fungicide (Reuveni,
2000); kojic acid is an antioxidant molecule
(Pandit et al., 2018), and Lovastatin, isolated
from Aspergillus terreus is hypocholesterolemic

“Corresponding author email: harit74@yahoo.co.in
Received 20/6/2020; Accepted 10/8/2020
DOI: 10.21608/ejm.2020.31025.1160

Telephone No: 9826630805

©2020 National Information and Documentation Center (NIDOC)



30 MAHENDRA KUMAR SAHU, HARIT JHA

(Jahromi et al., 2012). Antimicrobial molecules,
Patulin (Demain & Fang 2000) and Terrecyclic
acid A, from Aspergillus terreus (Bok et al.,
2006) are recognized as potent anticancer
and antibacterial agents. These secondary
metabolites may exhibit a beneficial role in
protection from diseases. It has been found that
the rhizospheric fungi make a significant number
of antioxidants which activate the antioxidant
mechanism that scavenges the reactive oxygen
species originated from cell disruption or
oxidative stress. The current study focused on
a total of 18 rhizospheric fungi isolated from
the rhizospheric region of medicinal plants
(found in the Achanakmar biosphere reserve
that is native to Chhattisgarh, India. Successive
solvent extractions were performed to obtain
secondary metabolites. Selected and screened
fungi were assessed for antimicrobial and
antioxidant potential. Based on the screening
results, metabolites of rhizospheric fungi
ABRF1-ABRF4 were found to produce potent
antimetabolites toward pathogenic bacteria.
ABRF1-ABRF4 were subjected to partial
sequencing analysis to identify their species.
The culture parameters and incubation condition
were optimized. The extracted metabolites were
partially purified by column chromatography
to obtain relatively pure compounds for further
studies.

Materials and Methods

Chemicals and reagents

Malt extract, Yeast extract, Potato dextrose
agar, Potato dextrose broth, and Czapekdox
agar were procured from Himedia, India. 2,
2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2’
azinobis (3-ethyl benzthiazoline-6-sulphonic
acid) (ABTS+), potassium persulfate, were
purchased from Sigma-Aldrich, USA. All
reagents and chemicals used were of analytical
reagent grade.

Methods

Isolation of the fungal strains

Fungal strains were isolated from the
rhizospheric soil in densely forested regions of
the Achanakmar biosphere reserve, Chhattisgarh,
India. The soil samples were collected by
excavating twelve inches below the surface
of the ground near the rhizospheric area with
known medicinal plants. The soil was collected
in poly bags and was brought to the laboratory.
Subsequently, serial dilution was performed for
isolation of the fungi (Dick, 1997; Bridge &
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Spooner, 2001). The soil sample, 1g, was serially
diluted with distilled water from 10-'to 10° and
then 100ul each of 10!, 102,103, 10* dilutions
was spread on Potato Dextrose Agar (PDA)
plates and the plates were incubated for 72 hours
at 27+2°C. After incubation, various colonies
were observed and 18 different colonies were
segregated based on their growth characteristics,
morphological appearances (Isolate ABRF1-18),
and Spore was identified by using lactophenol
cotton blue staining (Barnett & Hunter, 1972).
Selected fungi were periodically subcultured and
preserved on PDA slants and stored at 4°C.

Characterisation of fungal isolates

The effective strains based on preliminary
screening (fungal isolates ABRF1-4) were
characterized and identified, based on
morphological  characterization using a
compound microscope (AXIO SCOPE.A1
HBO 50, Zeiss, Germany). Genomic DNA
was separated and isolated with the help of gel
electrophoresis and amplification of the ITS
region of the fungal isolates was carried out
through polymerase chain reaction (PCR). The
sequencing of internal transcribed spacer (ITS)
regions was performed (Chromous Biotech Pvt.
Ltd., Bangalore, India). Briefly, DNA of each
fungus was isolated using a DNA isolation kit
(Invitrogen, USA). PCR amplification of ITS
region was performed with primers specific
for fungal ITS region 1 and ITS 2 and with
minimum degeneracy (forward primer 5’-
TCMGTAGGTGADCCWBCGS -3’ and reverse
primer 5’- TCCTNCGYTKATKGVTADGH
-3’) (Ahirwar & Parihar, 2019; Beeck et al.,
2014). These are degenerate primers used for
identification purposes. The obtained amplified
ITS sequence was aligned with similar sequences
of other fungi using the BLASTN program
of NCBI. Mega 6 software was used for the
construction of the phylogenetic tree with many
aligned sequences of fungi using maximum
likelihood analysis and Tamura 3-parameter
nucleotide substitution methods.

Source of microorganisms for antibacterial
studies

Five bacterial strains were used for
determining the antibacterial activity of fungal
metabolites. These bacterial strains, namely,
Bacillus  cerculans  (MTCC-7906  Gram-
positive, rods), Bacillus subtilis (MTCC 441,
Gram-positive, rods), E. coli (MTCC-739
Gram-negative cocci), Ralstonia eutrophae
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(MTCC-2487 Gram-positive Rhodococcus),
and  Staphylococcus  aureus  (MTCC-96
Gram-positive cocci) were procured from the
Microbial-Type Culture Collection (MTCC,
CSIR-IMTECH, Chandigarh, India) and used in
the investigation of antimicrobial properties of
secondary metabolites. All five bacterial cultures
were grown overnight on Luria—Bertani agar
(LB) slants and maintained at 4°C for further
experiments.

Screening and Preparation of fungal extracts

Five screening liquid nutrient media (100ml)
with different constituents (CzapekDox Broth
(CDB), CzapekDox Yeast Broth (CDYB), Malt
Extract Broth (MEB) (Pinkerton & Strobel,
1976), Potato Dextrose Broth (PDB) and Yeast
Extract Sucrose Broth (YESB) (Peterson &
Bridge, 1994)) were chosen for the development
of fungal biomass and secondary metabolite
production. Static fermentation was preferred
for secondary metabolite production as it was
established to be more effective than constant
shaking (Lin et al., 1976; Wei et al., 1991).
All the strains were incubated in the incubator
at 25+2°C for 15 days with the formation of
fungal mats indicating complete growth of the
strain. The fermented culture was harvested for
the extraction of secondary metabolites. For the
preparation of crude extracts, all the cultured
flasks containing nutrient media with secondary
metabolites were treated with 1.5% Triton X-100
post-incubation period with shaking for 30min at
ambient temperature for homogenous cell wall
disruption of the fungal biomass and consequent
release of intracellular secondary metabolites
into media. The fungal biomass was removed by
filtration to obtain intracellular and extracellular
secondary metabolites (Alkhulaif et al., 2019).
The filtrates were collected and concentrated up
to 20% of the original volume (v/v) in a vacuum
rotary evaporator at 50+5°C. The residues were
further concentrated and stored appropriately
and diluted to working solution in sterilized
distilled water for subsequent analysis.

Solvent extraction process and purification of
ethanolic extract

The selected air-dried fungal biomass
was initially subjected to Soxhlet extraction
with ethanol to obtain most of the secondary
metabolites. The crude ethanolic extracts were
mixed with toluene (1:1 w/v) and subjected to
adsorption chromatography on a glass column
packed with silica gel (60-120 mesh size) with

different eluents according to the increasing
polarity of toluene, chloroform, ethyl acetate,
methanol and acetonitrile. Since preliminary
experimental results suggested that the maximum
activity was found in the ethanolic extracts, they
were further purified to obtain pure compounds.
In brief, fungal biomass was processed through
a Soxhlet extractor unit with pure ethanol.
Extracted ethanol fraction was concentrated and
dried under sterilized conditions.

Therapeutic potential of the isolated fungi

The antioxidant and antimicrobial functional
characteristics of the isolated crude extracts
from fungi were evaluated in triplicates with
appropriate blanks and controls (ascorbic acid
for antioxidant and streptomycin for antibacterial
activity) in all the experiments. /n vitro a. amylase
inhibition assays were also used to determine
carbohydrate consumption to detect the presence
of metabolites with antidiabetic activity.

Antioxidant assay

Four antioxidant assays based on the electron
transfer (ET) system (FRAP, DPPH free radical,
ABTS+ and Phosphomolybdenum assay) were
used to evaluate the antioxidant capacities of all
the isolates.

Measurement of the Ferric reducing
antioxidant power (FRAP) assay: To determine
the reducing power of fungal isolates, FRAP
assay was performed by the method as described
by Benzie & Strain (1996) and Barapatre et al.
(2016) with slight modifications. Briefly, when
a ferric tripyridyltriazine (FellI-TPTZ) complex
is reduced to the ferrous (Fell) form at low
pH, an intense blue colour appears. Low pH
is responsible for maintaining iron solubility
and a decrease in the ionization potential that
drives electron transfer and increases the redox
potential. The working reaction mixture for FRAP
assays was prepared by mixing of three solutions
[10mM TPTZ dissolved in 40mM HCL, 20mM
Fecl,6H,O dissolved in distilled water, 0.3M
acetate buffer 3.1gm sodium acetate dissolved in
16 ml acetic acid /L of buffer solution (pH 3.6)].
Then 2900uL of reaction mixture solution and
100puL of the sample were added in each test tube
prepared in triplets. Reaction mixture without
sample was used as negative control and Img/
ml L-ascorbic acid was used as a positive control
(standard). The reaction mixture was incubated
for 30min in the dark and absorbance was read
at 593nm wavelength. The results are expressed
in terms of umol (Barapatre et al.,, 2016).
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Also, a calibration curve was created using an
aqueous solution of ferrous sulphate FeSO, over a
concentration series from 25-1100uM. The FRAP
values were expressed on a fresh weight basis as
umol of ferrous equivalent Fe (II)/ L of sample.
The scavenging activity was calculated as follows:

Scavenging Activity (%) = [A,-A,]/[A,] x 100

where [A ] was the absorbance of the control and
[A,,] was the absorbance of a sample with a FRAP
solution (Barapatre et al., 2016). FRAP scavenging
activity and IC50 values were calculated as
described in statistical analysis.

2-diphenyl 1-picrylhydrazyl (DPPH) activity
radical scavenging activity: The DPPH (0.2mM)
radical scavenging activity was measured
according to a previously reported method (Blois,
1958) with modification (Dhale & Vijay-Raj,
2009). The activity was evaluated using various
concentrations (31.25-125pug/ml) of purified
compound at 517nm and calculated according to
the formula :

DPPH Scavenging Activity (%)= [A-A, 1/
[A,]x100

where [A] was the absorbance of the control
(DPPH  without sample) and [A,] was the
absorbance of the sample with DPPH after 30 min
(Barapatre et al., 2016).

The scavenging effect of crude extract on
DPPH free radicals was determined by the
method reported by Barapatre et al. (2016). The
DPPH working assay was performed through the
working solution of 2mg DPPH dissolved in 54 ml
of methanol and fungal extract solution (100mg/
ml) in autoclaved distilled water. 100uL of the
sample and 2900uL of DPPH solution were taken
in each test tube to obtain absorbance of 1.1+0.05
at 517nm. Each sample was prepared in triplicate.
Controls, prepared as 100uL of autoclaved distilled
water and 2900uL. of DPPH solution in test
tubes, were incubated for 30 minutes in the dark.
Subsequently, absorbance was taken at 517nm
wavelength using L-ascorbic acid (Img/ml) as
the positive control. The scavenging activity was
calculated as follows :

Scavenging Activity (%0)= [A-A, J/[A]x100

where [A ] was the absorbance of the control
(DPPH without sample) and [A,] was the
absorbance of a sample with DPPH scavenging
activity and scavenging activity values were
calculated as described in the statistical analysis.
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Measurement of the total antioxidant
capacity 2’-azino-bis3-ethylbenzthiazoline-6-
sulfonic (ABTS assay): ABTS (2, 2’-azino-bis3-
ethylbenzthiazoline-6-sulfonic) radical cation
decolorization assay is based on the inhibition by
antioxidants of absorbance imparted by radical
cation 2,2- azinobis-(3-cthylbenzothiazoline-6-
sulphonate) (ABTS™). Test samples were mixed
with the ABTS™ solution, incubated for 2hrs in
dark, followed by reading of absorbance at 734nm
(Aadil et al., 2014).

A total antioxidant capacity assay was
performed with the improved ABTS method
proposed by Shan et al. (2007) with slight
modifications. 100pL of the sample was mixed
with 2900uL of ABTS solution. The absorbance
was determined by measuring the UV absorbance
at 734nm against deionized water blanks. After
incubation at 37°C for 30min in the dark, the
absorbance was read when the sample was
replaced with methanol as the blank sample. The
antioxidant capacity was expressed as the percent
decrease in absorbance at 734nm, which was
calculated using the formula:

ABTS*+ scavenging activity (%)= (A0 —Ai)/
A0x100

where AO was the absorbance of the control, and
Ai was the absorbance of the sample.

Measurement of the phosphomolybdenum
assay:  Phosphomolybdenum  assays  were
utilized for the spectrophotometric quantitation
of total antioxidant capacity by combining the
sample with ImL of reagent solution (0.6M
sulfuric acid, 28mM sodium phosphate and 4mM
ammonium molybdate) followed by incubation
at 95°C for 90min. The samples were cooled to
room temperature, and the absorbance of the
test solution was measured at 695nm against
a blank (Sowndhararajan & Kang, 2013). The
total antioxidant assay is based on the reduction
of Phosphate-Molybdenum (VI) to Phosphate
Molybdenum (V). The incubation of extracts
with Molybdenum (VI) will indicate the presence
of antioxidant components in the extract, which
can be assessed by recording the absorbance at
695nm (to detect the reduced green molybdenum
complex). So, this essay is particularly useful for
predicting the antioxidant activity of crude extracts
on a total basis.

The reducing capacity of extracts was
calculated by using the formula :
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% inhibition= (1- Absorbance of sample/
absorbance of control) x100

This method is utilized for the
spectrophotometric  quantification of total
antioxidant capacity and employs cost-effective
reagents.

Antimicrobial tests

Agar well diffusion assay: The antibacterial
activity assays were carried out using the agar
well diffusion method (Balachandran etal., 2016)
against test pathogenic organisms. About 1mg
of the column fractionated sample was placed
into an agar well and was used to determine
antibacterial activity. Plates were incubated at
37°C for 24hrs and the zone of inhibition was
measured. Ethanol was used as a vehicle control
and Streptomycin (1mg/ml) as a positive control.

o amylase inhibition assay for antidiabetic
activity

3, S5-dinitrosalicylic acid (DNS) is an
aromatic complex that reacts with reducing
sugars to form 3-amino-5-nitrosalicylic acid,
which powerfully absorbs light at 540 nm. The
mixture of 250uL of column Fungal fraction
(Img/mL) and 250uL of 20mM phosphate buffer
containing o amylase was incubated at 25°C for
10min. After pre-incubation, 250 pL of the starch
solution was added and incubated at 25°C for
10min. Acarbose was taken as a reference drug
in the concentration of 100pg/mL. The reactions
were stopped by the addition of 0.5mL of DNS
reagent. The tubes were kept in boiling water
for 10min and cooled at room temperature. The
reaction mixture was diluted with 3.75mL water
and the absorbance was measured at 540nm.

% inhibition = {(OD Control - OD Sample) /OD
Control}x100

where OD control- Reaction mixture excluding
column fraction; OD sample- Reaction mixture
with column fraction.

Statistical analysis

All experimental data obtained are the means
of three independent experiments under the same
environmental conditions and the results are
expressed as mean with standard deviation (mean
+ SD). One way analysis of variance (ANOVA)
was used to test significance between mean values
of control and samples and comparison among
means was carried out using Tukey-Kramer
multiple comparisons test with the help of Graph
Pad In Stat software (version 3.0). The level of

significance P< 0.05, P< 0.01 and P< 0.001were
denoted by *, ** and *** respectively, considered
as statistically significant.

Results and Discussion

Isolation and characterization of rhizospheric
fungi

A total of 18 pure fungal species were obtained
from the soil of the rhizospheric region of the
Achanakmar Biosphere Reserve. All isolates
showed different morphology and characteristic
features (variation size and shape of hyphae
and spores), that were used for preliminary
identification and characterization (Gautier et al.,
2016; Wyattetal.,2013). Isolates ABRF2, ABRF3,
ABRF6, ABRF7, ABRF9, ABRF11, ABRF14,
and ABRF15 were identified as Penicillium sp,
ABRF4, ABRF5, ABRF8, ABRF10, ABRF12,
ABRF13,ABRF16,ABRF17 and ABRF18 were of
Aspergillus sp and ABRF1 is a Fusarium sp (Table
1). The morphological characteristics of isolate
ABRF1 were, creamy white mycelia, mycelium
which was initially white but subsequently turned
purple, with discrete orange sporodochia, flask-
shaped monophialides, and densely branched
clusters. ABRF2 had soft, cottony fruit bodies,
red-green mycelia, dense sporulation and tightly
interwoven hyphae. ABRF3 had green mycelia
dense sporulation, ellipsoidal conidia septate,
hyaline hyphae, smooth-walled conidiophores,
biverticillate and  ampuliform  phialides.
ABRF4 was characterized by its yellow, thick-
walled hyphae biseriate, white-black mycelia and
dense sporulation shown in Fig.1.

Phylogenetic analysis of fungal strain

Molecular characterization of the most potent
fungi (Isolates ABRF1-ABRF4) was performed
using the PCR amplified ITS sequencing. The
size of the PCR products observed for ABRFs1-4
was 554,422, 528 and 540 base pairs, respectively
(Fig. 2 A, B; 3 A, B; 4 A, Band 5 A, B). The
amplicons were sequenced and the similarity
sequence was analysed using the BLASTN
program of NCBI. The maximum similarity
of 100% was observed for ABRF1 amplified
sequence with Fusarium oxysporum, ABRF2
with Talaromyces purpureogenus, ABRF3 with
Penicillium citrinum and ABRF4 were observed
with Aspergillus carneus (Fig. 2 C, 3 C, 4 C and
5 C). The fungal species were further confirmed
by correlation with growth pattern in nutrient
medium and morphological appearances. The
sequence (NCBI accession numbers for ABRF1-
4 are MN250029, MG905442, MKO0271338
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and MN250168 respectively) was submitted
to the GenBank database. Construction of the
phylogenetic tree was done using Mega 6 software
by maximum likelihood and neighbour-joining
method of selected taxa.

Evaluation for therapeutic potential

Rhizospheric fungi are present in the soil.
They are a relatively unexploited source of novel
value-added compounds. These compounds
may be alkaloids, flavonoids, polyphenols,

quinines efc. categorically known as secondary
metabolites. Soil environment provides a special
microenvironment that facilitates the organisms
to produce novel secondary metabolites with
promising applications in the expansion of the
drug delivery system against a variety of diseases
(Peterson & Bridge, 1994). Rhizospheric fungi
have been studied in this article to determine
their antioxidant, antimicrobial and antidiabetic
potentials.

TABLE 1. Comparative details of 18 rhizospheric fungi used in the present study.

Pure fungal

X Pigment . .
S. No strain Appearance in color roduce in Microscopic Genus
e (name of PP P . observation identification
. media
isolate)
1 ABRF-1 Creamy white mycelia White viscous Fusarium sp. Fusarium
oxysporum
) ABRF-2 Red-green mygella dense Dark red Penicillium sp. Talaromyces
sporulation purpureogenus
3 ABRF-3 Greenmyceliadense o pioent  Penicillium sp. ¢ Cilum
sporulation ellipsoidal conidia citrinum
4 ABRF-4 White black mycelia Black pigment Aspergillus s Aspergillus
Y P Perg: P- carneus
5 ABRF-5 Green mycelia, ovoid conidia Light yellow Aspergillus sp. NA
6 ABRF-6 Green white mycelia Milky white Penicillium sp. NA
7 ABREF-7 White hg}%t.green mycelia, white Penicillium sp. NA
whitish edge
8 ABRF-8 Green mycelia white Aspergillus sp. NA
9 ABRF-9 Green-yellow mycelia Yellow pigment  Penicillium s NA
ellipsoidal conidia P& p-
10 ABRF-10 Cottony white mycelia Purple white Emercellia sp. NA
11 ABRF-11 White green mycelia, whitish white Penicillium sp. NA
edge
12 ABRF-12 Cottony white mycelia Yellow pigment  Aspergillus sp. NA
13 ABRF-13 Black mycelia, ovoid conidia Black Aspergillus sp. NA
14 ABRF-14 Brown white mycelia, plane white Penicillium sp. NA
surface colony
15 ABRF-15 Pink mycelia, ellipsoidal white Penicillium sp. NA
conidia
Black mycelia, dense
16 ABRF-16 sporulation, plane surface white Aspergillus sp. NA
colony
17 ABRF-17 Black mycelia white Aspergillus sp. NA
18 ABRF-18 Black mycelia dense white Aspergillus sp. NA

sporulation ovoid conidia
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Micmsoolic view

¥

Front view Back view Microscopicview

ABRF13

Fig. 1. Morphological and microscopic analysis of fungal strains from Achanakmar Biosphere Reserve (ABRF
1-18).
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KM231799.1 rubicola strain CBS 320
MH863652.1 Fusarium pseudensiforme strain CBS 12!
KF050205.1 Uncultured Ascomycota isolate MRRI19
JQ775558.1 Fusarium sp. P62

_— MK575503.1 Fusarium udum
¢ JQ723753.1 Fusarium euwallaceaeisolate UCR1i
. MK483256.1 Lotus tenuis isolate 142L528
1
Genomic
MH900223.1 Fusarium falciforme strain PFS-01
AY429053.1 Chaetomium globosum isolate Cgé

DNA

MG189940.1 Neocosmospora sp. isolate NRRL 54972
MH430687.1 Ascomycota sp. isolate LTS154
MH430755.1 Ascomycota sp. isolate LTS455
KU978068.1 Fungal sp. voucher ARIZ:P$1084
KX953583.1 Uncultured Fusarium clone SAPA12
JN235288.1 Fusarium cf. solani 3+4-qq DPGS-2011

EF060459.1 H sp. LM85

KU253777.1 T sp.KN10

AMN250029.1 Fusarium oxysporum isolate ABRF1
91 LKC808240.1 Fusarium keratoplasticum culture NRRL:54975
KU571478.1 Nectria sp. BAB-4528
— GU066713.1 Nectria haematococca isolate 164AS/R
AM419062.1 Cylindrocarpon destructans var. destructans
o0 - HQ839777 1 Microdochium nivale strain F112
DQ339103.1 Thanatephorus cucumeris strain Rs clone 4
MN173137.1 Fusarium solani isolate CEL40
KY090782.1 Fusarium ambrosium strain TSM1
KF717534.1 Fusarium phaseoli isolate PR1
99 | KU041632.1 Fusarium equiseti strain S14008

27

Fig. 2. The PCR products of isolated fungal strain and Phylogenetic tree of the fungal ITS region from ABRF1
(Fusarium oxysporum) |A: Isolation of Genomic DNA, B: PCR amplification of the ITS region from a
fungal sample. The size of the PCR amplified product is ~ 554bp, C: Phylogenetic tree created using Mega

6 software].

A B C

90, MH856366.1 Talaromyces diversus strain CBS 320.48
NR 145151.1 Talaromyces primulinus CBS 321.48
MH865566.1 Talaromyces aculeatus strain CBS 129888
KX664362.1 Talaromyces verruculosus isolate F27-01
L37406.1 Penicillium mameffei

MH862180.1 denxii strain CBS 413.89

MH865555.1 Talaromyces aculeatus strain CBS 129868

AF380354.2 Penicillium minioluteum

MF668970.1 Talaromyces australis strain TA1

KM012005.1 Talaromyces funiculosus strain NRRL 66018

79| |MH299412.1 Talaromyces amestolkiae isolate NRRL 62683
701GQ221866.1 Penicillium funiculosum strain NRRL 6417

KM066190.1 Talaromyces macrosporus strain DTO:105C4

941 U18354.1 Talaromyces flaws

GU396545.1 Penicillium minioluteum strain LCP 4583

) ‘NR 138301.1 Penicillium samsonii CBS 137.84
61 NR 121527 1 Talaromyces minioluteus CBS 642.68

&_
PCR Product

KF114730.1 T yces solicola strain CBS133446
ry A MG905442.1 Talaromyces purpureogenus isolate ABRF2 ]
MF135529.1 Tal; ruber strain SCAU166

n”

GU396591.1 Penicillium erythromellis strain MUCL 14388
KY993381.1 Penicillium chrysogenum isolate 5082
KJ775723.1 Talaromyces albobiverticillius strain DTO 263H7
KY621326.1 Talaromyces erythromellis isolate C56

70| KM458841.1 Talaromyces purpureogenus strain NFML
70'DQ681328.1 Penicillium purpurogenum isolate 119

—
0005

Fig. 3. The PCR products of isolated fungal strain and Phylogenetic tree of the fungal ITS region from ABRF2
(Talaromyces purpureogenus) |A: Isolation of Genomic DNA, B: PCR amplification of the ITS region from
a fungal sample. The size of the PCR amplified product is ~422bp, C: Phylogenetic tree created using Mega

6 software].
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_

Genomic DNA PCR Product

C

MH634497 1 Penicillium brevicompactum strain MADE 1-3
n KX081087.1 Homedermoporus martius voucher Dai 6913
3111 A MK027138 Penicillium citrinum ABRF3
KX610080.1 Penicillium janczewskii strain ASPTSS
KR296884.1 Penicillium griseofulvum strain PRPX-FS14
ﬂeusdsese 1 Aspergillus niger strain MOS
KX674627.1 Penicillium crustosum strain 1.1.6.1

KX690131.1 Chaetomium longicolleum strain 18T 41567
KM277984 1 Penicillium citreonigrum strain NZD-mf161
AF033423.1 Penicillium westiingii strain NRRL 800
AF033421.1 Penicillium sartoryi strain NRRL 783
KC411708.1 Penicillium implicatum strain CBS 232.38
NR 111482.1 Penicil i i CBS 122392

64 4

NR 1213441 Penicillium malacaense NRRL 3
NR 111484.1 Penicillium gorienkoanum CBS 408.69

MHB862897.1 Penicillium tropicum strain CBS 112584

MHB859338.1 Penicillium sizovae strain CBS 413.69

MF077228.1 Penicillium dierckxii strain F-67

77| KY5586825.1 Penicillium raistrickii strain Mth3Sab9

681 KY558624.1 Penicillium steckii strain Mth1SNA4

MH864538.1 Penicillium terrigenum strain CBS 127354
MH782038.1 Penicillium copticola isolate BC-1a

70 | HM469404 1 Penicillium sumatrense strain KUC1613

MHE75482.1 Penicillium chermesinum isolate BZ-5

GU723449.1 Penicillium chrysogenum strain Z23-08

KT310983.1 Penicillium janthinellum strain MSEF81

97

KP216966.1 Penicillium meleagrinum strain G1-P-3-19
70 | KT833605.1 Penicillium sumatrense isolate NA-X-8
— JN617700.1 Penicillium manginii strain CBS 327.79

99— KP216979.1 Penicillium pancosmium strain P1-Y-2-5

GU966493.1 Neosartorya fischeri strain WTSZ

Fig. 4. The PCR products of isolated fungal strain and Phylogenetic tree of the fungal ITS region from ABRF3
(Penicillium citrinum) [A: Isolation of Genomic DNA, B: PCR amplification of the ITS region from a
fungal sample. The size of the PCR amplified product is ~ 528bp, C: Phylogenetic tree created using Mega

6 software].
A B

Genom|c
DNA

PCR
Product

C

MK108417.1:76-592 Gloeotinia temulenta isolate EV43
MH857411.1:30-533 Aspergillus neoafricanus strain CBS 130.55
MH424346.1:77-597 Xylania psidii strain C1

MH424347 1.77-59% Gloeotinia temulenta isolate D6
MK841468.1:10-555 Talaromyces funiculosus voucher NWUSeq5i
MH863366.1:63-602 Aspergillus hortai strain CBS 124230
MH237648.1:55-598 Aspergillus niger isolate Z11
MK226258.1:9-552 Aspergillus tubingensis strain F20
MH421850.1:12-555 Aspergillus nomius strain NPF2
MH860930.1:29-572 Aspergillus elongatus strain CBS 387.75
KY781744.1:67-611 Aspergillus citrinoterreus cuiture QCC:M015/1
o | — LN482549.1:35-575 Aspergilius flavus genomic DNA containing
a9  EF669580.1:22-564 Aspergillus aureoterreus isolate NRRL 1923
! HQ449677.1:15-520 Aspergillus ochraceus strain MP2
MK952226.1:28-569 Pumpureocillium lilacinum strain PIH14F01

2 JN129184.1:53-596 Aspergillus terreus isolate A22
MH292841.1:65-609 Aspergillus floccosus strain CGMCC 3.03919
EF669589.1:22-566 Aspergillus alabamensis isolate NRRL 29810
KF993396.1:47-589 Aspergillus pseudoterreus isolate PAV-M 1.081
NR 156297.1:134-671 Aspergillus iranicus CBS 139561

KY204008.1:29-564 Aspergillus amstelodami isolate Asp-6732

A MN250168.1:1-540 Aspergillus carneusisolate ABRF4
MH292843.1:66-604 Aspergillus allahabadii strain CGMCC 3.03920

18

KY204004.1:14-552 Aspergillus niveus isolate Asp-5302
70| KT377249.1:41-579 Aspergillus candidus strain ZSF
FJ155814.1:77-615 Fennellianivea strain CH-Y-1043
NR 1312096.1:22-561 Aspergillus neoindicus NRRL 6134
LT601380.1:19-555 Aspergillus bicephalus genomic DNA sequence

KY204004.1:590-930 Aspergillus niveus isolate Asp-5302

Fig. 5. The PCR products of isolated fungal strain and Phylogenetic tree of the fungal ITS region fromABRF4
(Aspergillus carneus) [A: Isolation of Genomic DNA, B: PCR amplification of the ITS region from a fungal
sample. The size of the PCR amplified product is ~540bp, C: Phylogenetic tree created using Mega 6 software].
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Fungi can produce natural compounds with
varying antioxidant activity, which is overly
complicated to evaluate with a single antioxidant
assay. The antioxidant potential of the fungal
fraction was determined by several methods
including the 2,2-diphenyl 1-picrylhydrazyl
(DPPH)radical scavenging assay, 2, 2’-azino-bis3-
ethylbenzthiazoline-6-sulfonic (ABTS), Ferric
reducing power (FRAP) and Phosphomolybdenum
assay (PM). The fungal fractional with antioxidant
property were further evaluated for antibacterial
activity and antidiabetic potentiality (Zhai et al.,
2016). Results indicated that fungal strains from
the Achanakmar biosphere reserve are a potential
therapeutic resource worthy of further in vivo
study.

Screening of the optimum nutrient media

It was observed that Yeast extract sucrose
broth nutrient medium was (YESB) optimum
for all the isolates based on the maximum
growth and development of fungus biomass and
production of secondary metabolites at 26°C
over 15 days compared with other nutrient
media. In the preliminary screening, the YESB
extract containing metabolites exhibited higher
antioxidant and antimicrobial activity, compared
with the extract of other media.

Potential reductones present in FRAP assay

In the oxidative metabolism, free radicals
generated by toxic heavy metals cause cellular
disruption. Antioxidants and natural secondary
metabolites quench these free radicals and
protect biomolecules from oxidative damage.
Iron overload may lead to tissue damage through
formation of toxic free radicals. (Siah et al.,
2005). The release of hydroxyl radicals and
hydroperoxyl radical from hydrogen peroxide in
the Fenton reaction is catalysed by ferrous ion
and ferric ions (Liochev & Fridovich, 2002). In
this study, 18 fungal crude extracts were subjected
to determine FRAP values and compared with
standard L-ascorbic acid. FRAP assay measures
the reduction of ferric ion during reaction with
an antioxidant: strong antioxidant molecule
has higher FRAP value (Rabeta & Faraniza,
2013). Our results demonstrate the presence of
high amounts of potential reductones in YESB
crude extract and significantly differ from other
extracts. Thus, FRAP reaction is correlated to
varying concentrations of the antioxidants and is
reproducible (Fig.6).

The FRAP percentage scavenging values of
strains ABEF1-ABEF 4 was higher among the
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18 isolates (83%z= 2.16, 76.91%=+ 2.46, 75% =+
0.33and 74%=+ 0.91, respectively at Img mL™)
and comparable to positive control 88%= 0.31. In
brief, the all fractions from the ABRF17 isolate
had the least activity (22% + 0.44) among other
fractions (Fig.6).

FRAP

-
o
o

% SCAVENGING ACTIVITY

SAMPLE

Fig. 6. Ferric ion-reducing antioxidant power
(FRAP) of crude extract from isolated
fungal strains (ABRF1-ABRF18) [Activity is
represented as percentage activity, data exhibit
the mean = standard deviation (SD) of three
independent experiments (n=3), statistically
significant *P< 0.05, **P< 0.01, ***P< 0.001].

Synergistic effect found by DPPH scavenging assay
DPPH scavenging assays of crude extract
of all 18 isolates gave results in the range of 17-
78%. ABRF1 grown on YESB media crude extract
exhibited maximum DPPH scavenging at 78%+
1.74 as compared with the L-ascorbic acid control.
The results of our findings were like the DPPH
scavenging activity shown by 7. purpureogenus
CFRMO2 extract (Loggini et al., 1999; Pandit et
al., 2018). The variation in the antioxidant activity
in the different experimental protocols (Fig.7) may
reflect diversity in functional groups across the
molecular structures of active metabolites.

DPPH percentage scavenging values of the
extract from strain ABEF2, ABRF3 and ABRF4
in YESB fraction was determined (70.50+ 1.54,
71.88+ 0.25 and 74.32+ 0.93, respectively) to be
lower than the positive control (81.96+ 0.56) while
ABREF7 strain had the lowest activity 18%.

Scavenging capacity observed by ABTS activity
Metabolic processes and irradiation of oxygen
may lead to the generation of primary reactive
oxygen species (ROS). These then interact
with biomolecules to generate secondary ROS
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(Loganayaki et al., 2013). Existing free radicals
may harm some molecules and other cellular
machinery. However, antioxidants protect cellular
molecules (Re et al., 1999). We also observed that
ABRF3 YESB extract with 79% scavenging ability
was quite potent in quenching of cation-free radical
for other extracts, while ABRF6, ABRF14 and
ABRF16 have -18%, -24.5% and -11% activity,
respectively, suggesting the presence of relatively
hydrophobic reductones in other extracts (Fig.8).

DPPH

XX

>

X X

% SCAVENGING ACTIVITY

RTINS
o

D

SAMPLE

Fig. 7. DPPH scavenging assay of crude extract
from isolated fungal strains (ABRF1-
ABRF18) [The activity was represented as
percent scavenging activity, data exhibit the mean
+ standard deviation (SD) of three independent
experiments (n= 3), statistically significant *P<
0.05, **P< 0.01, ***P< 0.001].

ABTS

% SCAVENGING ACTIVITY

Fig. 8. ABTS scavenging activity of crude extract
from isolated fungal strains (ABRF1-
ABRF18) [Data exhibit the mean + standard
deviation (SD) of three independent experiments
(n=3), statistically significant *P<0.05, **P<0.01,
*%%P<(.001].

ABTS" scavenging activity versus the positive
reference L-ascorbic acid for ABRF1 ABRF2 and
ABRF4 was 86.5, 80, 75.5 and 79, respectively.

Potent free radical scavenging activity by
Phosphomolybdate assay

Phosphomolyb date assay is based on the
development of a greenish-blue d complex at
acidic pH due to conversion of Phosphomolybdate
(VI) into Phosphomolybdate (V). The
phosphomolybdate method is a common method
for determining the reducing ability of fungal
originated antioxidant molecules (Prieto et al.,
1999). The highest percentage of scavenging
activity was found in YESB extract of ABRF2, at
85% while the lowest observed was 16.5% against
a control level of 89%. The percentage scavenging
activity 82%, 85%and 79%, respectively for
ABRF1 ABRF3 and ABRF4 YESB fungal crude
extracts was significant and compared well with
L-ascorbic acid. Therefore, data suggests YESB
extracts have effective free radical scavenging
activity and therapeutic potential (Fig.9).
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Fig. 9. Phosphomolybdenum assay scavenging
capacity of crude extract from isolated
fungal strains (ABRF1-ABRF18) [Data
exhibit the mean = standard deviation (SD) of
three independent experiments (n= 3), statistically
significant *P< 0.05, **P< 0.01, ***P< 0.001].

By contrast, phosphomolybdenum assay is a
method for determining free radical scavenging
capacity in hydrophilic medium (Saghaie et al.,
2013). We observed that control L-ascorbic acid
had maximum scavenging activity with 89%.
Thus, from this data, it could be concluded that
YESB extract of ABRF1-4 contains good free
radical scavenging components.
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In vitro antimicrobial activity of potent fungus

The column purified fractions containing
secondary metabolites from YESB extract were
also tested for antimicrobial activity based on
inhibition of growth of B. Cerculans (MTCC-
7906), B. Subtilis (MTCC-441), E. coli (MTCC-
739), S. Aureus (MTCC-96) and Ralstonia eutropha
(MTCC-2487), (Sahu et al., 2020) at a maximum
concentration of 100pg/mL for qualitative assay
(Fig. 10 and Table 2). The results were compared
to the standard antibiotic streptomycin (Sarker et
al., 2007). The Acetonitrile fraction of ABRF 1,
Toluene and Ethyl acetate fraction of ABRF 2,
Ethyl acetate fraction of ABRF3 and Toluene,
Methanol and Acetonitrile fraction of ABRF4
showed antibacterial activity with suppression of
the expansion of various pathogenic bacteria as
seen in Fig. 10 and Table 2.

Antidiabetic activities of the fungal secondary
metabolites

Breakdown of a complex carbohydrate like
starch to simple sugars like glucose is accomplished

Bacillus cerculans Bacillus subtilis

Escherichia coli

by a-amylase. Thus, the suppression of this
enzyme can slow down carbohydrate degradation
and decrease the rate of glucose assimilation
(Asgar, 2013). Column fractionation of extracts for
four rhizospheric fungal species was investigated
for inhibition of a-amylase activity at Img/mL
concentration. Percent inhibition of 96.31+ 0.14
was exhibited by positive control. The entire
fraction showed significant inhibition activity of
a-amylase (Table 3). The ethyl acetate fraction
of all three fungal species showed comparatively
high inhibition. The ethyl acetate fraction of
ABRF2 showed the highest inhibition percent
of 93.28+ 0.12 at Img/mL concentration and at
a corresponding concentration ABRF1, ABRF3
and ABRF4 inhibition was 90.66+ 0.08, 92.61+
0.18 and 91.34t 0.2, respectively. Inhibition
percent range of all fractions ranged from 63.89+
0.21 to 93.28+ 0.12. Hydroxyl group methylation
enhances the affinity of secondary metabolites
for a-amylase and an increase in the number of
hydrogen atom donor/acceptor in metabolites
might have decreased the affinity for a-amylase.

Staphylococcus aureus Raistonia eutrophae

Fig. 10. Antibacterial activity with a variable inhibition zone of relatively purified extract of isolates ABRF1-
4 against pathogenic bacteria strains [A crude extract of ABRF1-4 purified through column chromatography,
column chromatography solvent fractions. Clockwise wells in each plate containing nonpolar to polar solvent extracts
viz. Toluene, Chloroform, Ethyl Acetate, Methanol, and Acetonitrile against Bacillus circulans, Bacillus subtilis, E. coli,

S. aureus, and R. eutrophal.
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TABLE 3. Percent inhibition of the test sample in an alpha-amylase inhibition assay.

Solvents

% inhibition

ABRF1

ABRF2

ABRF3

ABRF4

Toluene
Choloroform

Ethyl acetate

68.33£ 0.11***
72.78+ 0.4 **
90.66 + 0.08*

72.12+ 0.91%**
69.98+ 0.34 ***
93.28 £0.12*

63.89+ 0.21%**
68.23+ 0.55%*
92.61 +£0.18*

69.25+ 0.32%**
70.91= 0.6 ***
91.34+0.2%

Methanol 83.61+ 0.31%** 84.87+ 0.21%** 86.57+ (0.32%%* 81.10+ 0.41 **
Acetonitrile 78.22+ 0.06%** 75.32+ 0.22%* 72.44+ (0.25%%* 73.55+0.22%
Water 70.88+ 0.19%* 68.52+ 0.65%** 71.58+0.31* 65.11+ 0.87***
Metformin 95.78+ 0.09

Acarbose 96.31+ 0.14

Data exhibit the mean + standard deviation (SD) of three independent experiments (n=3), statistically significant *P<0.05, **P<0.01,

**#P<0.001.

Conclusion

Fungal crude extract from ABRFI1- ABRF4
identified as Fusarium oxysporum, Talaromyces
purpureogenus,  Penicillium  citrinum  and
Aspergillus carneus respectively exhibited modest
antioxidant activity with significant antibacterial
activity. These column fractions of the particular
solvent fraction may have specific metabolites
responsible for antioxidant and antimicrobial
activity. Potential purified extract further needs
to be tested for other therapeutic activities like
anticancer and antiaging potential via in vitro, in
vivo and in silico approaches.
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