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Abstract

This study investigated the exopolysaccharide (EPS) producing ability of an endophytic fungus GloS2. It
involved examining various aspects, including identifying and cultivating endophytic fungi, producing
and characterizing EPS, optimizing the production process, and evaluating their antioxidant properties.
The fungus GloS2 (Fusarium sp.) was optimized for EPS synthesis through one variable at a time (OVAT)
and response surface methodology (RSM) to determine the optimal culture environment and growth
medium components, resulting in the maximum EPS production of 5.39 gL. Furthermore, the EPS
exhibited significant antioxidant activity with a greater IC_ value (15.05 + 0.51 ug mL?) in the hydroxyl
radical scavenging assay. The Fourier Transform Infrared Spectral analysis indicates the presence of
chemical groups i.e., O-H, C-H, C-O-H, and C-O. Additionally, gas chromatography-mass spectrometry
(GC-MS) analysis revealed that erythrose, fructose, and mannose were the major monosaccharide
components, with a molar proportion of nearly 1:1:1 and a molecular mass of ~1.12 x 10° Da. Moreover,
the structural characterization of EPS has confirmed the existence of a-glycosidic linkage along with
[B-D-galactopyranosyl moieties and substituted glucose residues.
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INTRODUCTION

The domain of microbial
exopolysaccharide (EPS) and its associated
bioactivity in pharmaceuticals has been studied
for a long ago. These are majorly novel microbial
metabolites with sustainable utilities and are less
toxic to contemporary synthetic chemicals. EPS
from novel sources, e.g. fungal endophytes of
ethnomedicinal plants are potent contributors to
the field of biotechnology and come with a variety
of bioactivities in both medicine and agriculture.
EPS from fungal endophytes of various structures,
and requires particular media composition and
growth conditions.

EPSs are the secondary metabolites
produced by various fungi under different
growth conditions. These complex and distinct
macromolecules exhibit various utilities i.e.,
antioxidative, immunomodulatory, antitumor,
antiaging, and hypoglycemic.

Endophytes are a type of fungus that
resides in a mutualistic association with plants
during a phase of their life cycle. They can
remain inside the plant tissues without leading
to immediate signs of infection or visible disease
development.2 These fungi are a reservoir of
distinctive bioactive secondary metabolites,
including alkaloids, quinones, phenolic acids,
steroids, tannins, and terpenoids. These
compounds may exhibit antibacterial, anti-insect,
anticancer, and other effects.

Antioxidants play a vital role in
safeguarding health by providing the initial
defence against oxidative damage and effectively
scavenging free radicals.? They protect cell function
against homeostatic disturbance, including
those from septic shock, aging and oxidative
stress. Although aerobic microorganisms need
oxygen to survive, it can lead to harmful reactive
oxygen species.* ROS and reactive nitrogen
species can lead to oxidative damage in cellular
components. Developing new antioxidant drugs
is vital for combating ROS and preventing chronic
disease.® Recently endophytic fungi have gained
attention for their ability to produce bioactive
compounds with anticancer potential. Endophytic
fungus Curvularia geniculata isolated from

Phyllanthus niruri showed strong anticancer
and antioxidant properties, particularly effective
against HepG2 cell lines.®

Optimizing microbial metabolite
biosynthesis is vital for industrial applications,
and the effectiveness of fermentation processes
is affected by parameters like as the media
composition, starting pH, incubation period, and
temperature. Structure-function connection of
fungal EPS is critical since they have considerable
antioxidant capabilities and act as free radical
scavengers to attenuate oxidative damage.’
Exopolysaccharides produced by Lasiodiplodia
theobromae have shown significant antioxidant
and antimicrobial activity enhancement.?

The flocculation capability of EPS is a
crucial aspect of biopolymer applications.® Bio-
flocculants are biopolymers that induce flocculation
by creating bridges between themselves and other
particles. This feature leads to the aggregation
and precipitation of suspended particles. Hence,
there is a shift toward substituting synthetic
polymers with bio-flocculants due to their easy
biodegradability, eco-friendly application in
wastewater treatment processes, and negligible
toxicity to humans and the environment. These
attributes have positioned biopolymers as a focal
point of interest for numerous researchers in the
current era.’?

Here optimization of EPS production
from endophytic fungi Fusarium sp. GloS2
has been performed using “one variable at a
time” (OVAT) approach and response surface
methodology (RSM) technique. Subsequently, the
characterization and antioxidative activity of the
isolated EPS was investigated.

MATERIALS AND METHODOLOGY

Isolation of endophytic fungi

Healthy Globba marantina plants were
collected from Ghatshila, East Singhbhum, of
the Jharkhand district (latitude 22.5873°N and
longitude 86.4744°E). Plant parts were rinsed
thoroughly with tap water followed by the surface
sterilization procedure. After that stem portions
were placed on water agar plates at 27°C in a
BOD incubator.!! After 4-7 days, fungal mycelium
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appeared from the tissues and was inoculated to
a PDA (Potato Dextrose Agar) plate for optimum
growth.

ITS-based molecular characterization of the
endophytic fungal isolate

After 7 days of incubation, the
reproductive structure of the endophytic fungi was
studied microscopically (Leica DM 3000). Finally,
rDNA molecular-based gene sequencing analysis
of the universal ITS1 and ITS4 sequences was
performed following standard procedures.’? The
ITS sequences were aligned to the NCBI GenBank.
Utilizing MEGA 11 software, multiple sequence
alignment was performed and similar sequences
were included within the alignment which was
done through CLUSTALW for phylogenetic tree
preparation.?

Production and Optimization of EPS
Production of EPS

The experiment was conducted using
a 250 mL Czapek Dox Broth (CDB) broth. The
microorganism was initially maintained in 100 mL
of 6.0 pH at 37°C in an incubator for 8 to 10 days.
Fungal spore suspensions were grown in conical
flasks after 8 to 10 days. After centrifugation of
fungal biomass, the filtrate and fermentation
broth were recovered. The fungal biomass was
dried at 80°C (12 hours) and then weighed. To
separate the cells, the fungal culture broth was
centrifuged for 10 minutes at 10,000 rpm. The
crude EPS was recovered after centrifugation,
freeze-dried, and stored in double volumes of cold
ethanol.*Quantitative sugar and protein analysis
was performed using the standard methodology
of previous work.*>** Monosaccharide analysis was
done after lyophilization of the viscous EPS.

Optimization by the OVAT method

The culture parameters and medium
content had a substantial impact on the synthesis
of EPS. Despite prior research indicating that
the F. solani SD5 strain produces the most
polysaccharides, it is critical to understand that
the Fusarium sp. GloS2 isolate may have unique
growth needs for producing a significant amount
of EPS. As a result, there is a need to investigate
and comprehend the variables that favor large EPS
generation from GloS2.

Therefore, the OVAT method was applied
for optimization of the production process. Various
carbon sources (2 g 100 mL?), such as glucose,
dextrose, galactose, fructose, maltose, sucrose,
and galactose, were utilized simultaneously in PDB
media to study the necessity of supplementary
nutrients for the development of mycelium and
EPS production. After that, two nutrients of varying
concentrations were administered to the culture
media that were successful in EPS and biomass
development. Some metal ions (0.5 g 100 mL?),
such as NaNO,, KH,PO,, and NaCl, were also added
to the culture media to determine how efficient
they were at producing EPS and biomass.

Optimization using Response Surface
Methodology (RSM)

RSM optimization was performed by
analyzing the results of the OVAT experiments. A
three-level (-1, 0, 1) BBD approach was used. Of
the six critical factors involved in EPS production,
only four-glucose concentration (GC), yeast
extract concentration (YEC), pH of fermentation
media (MpH), and fermentation time (FT) were
used for RSM-BBD analysis. The four mentioned
parameters (Supplementary Table 1) were applied
in three different approaches (-1, 0, and +1, which
indicate values lower than the optimum, optimum,
and higher than the optimum, respectively).
The second-order polynomial equation Y= B,
+3B X, +2B XX +3B,x% can estimate the proper
relationship between the factors. Y, represents
the dependent variable, independent factors are
indicated through x. and X, b, b, and bij are the
linear, quadratic, and interaction coefficients,
respectively.

FTIR spectroscopic assessments

Infrared spectra were captured using KBr
pelletsin an FTIR spectrophotometer (PerkinElmer
FT-IR C98747) between 400 and 4000 cm™.1®

XRD assessments

To evaluate the physical properties of the
EPS, X-ray diffraction (XRD) was carried out with
a powder diffractometer (RIGAKU MINIFLEX I1).*°
Dry powder was applied to the sample tray, and
scanning was conducted over a range of 20 angles
(20-70°C).
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Monosaccharide analysis

For monosaccharide analysis, viscous
polysaccharides were lyophilized, and then the
dried polysaccharide was analyzed following the
protocol of De and Nag.? In brief, 100 mg of dried
samples were prepared using methanol, ribitol,
and norleucin. Afterwards, the mixture was heated
to 70°C (15 minutes), centrifuged, and then the
supernatant was treated with methoxyamine HCL
followed by trimethylsiloxane (TMS). The sample
was then injected into GC-MS for monosaccharide

analysis. For running this program, the DB-5 Ultra
Inert column was used, followed by the described
protocols.?

Molecular weight determination

Gel permeation chromatography (GPC)
was employed to determine the molecular weight
(MW) of the EPS. This determination employed a
Sepharose-6B column (65 cm x 2 cm) with dH,0
as the eluent (flow rate of 4 mL min) and dextran
(40, 70, and 200 kDa) as a reference.?

Table. Effects of various parameters on the growth of GloS2

Parameters Impacting Concen. of Fungal cell EPS obtained
components  components mass (g L) (g LY
(gLl
Fermentation time (in days) 2 - 4.03+0.20 0.86 +0.02
4 - 4.57 £0.10 1.02 £ 0.05
6 - 6.55 +0.02 1.52+0.01
8 - 8.98 £ 0.03 1.68 £ 0.02
10 - 8.94 £ 0.01 1.49+0.04
Incubation temperature (°C) 24 - 6.22 +0.02 1.18+0.36
28 - 7.79 £0.04 2.02 £0.02
30 - 6.34£0.03 1.52+0.02
35 - 8.7910.34 2.77 £0.01
37 - 8.22 £0.54 1.55+0.03
Initial medium pH 4 - 6.98 + 0.06 2.80+0.02
5 - 7.27 £0.01 0.68 £0.03
6 - 8.98 £ 0.05 1.38+0.22
6.5 - 7.87 £0.04 3.44 £0.03
7 - 8.19+0.03 3.89£0.02
Additional carbon source Amylose 1 3.50+0.11 3.54+0.03
Fructose 1 6.50 £ 0.04 3.02 £0.07
Dextrose 1 8.40 £ 0.07 4.87 +£0.07
Sucrose 1 8.70+£0.01 3.87+0.13
Glucose concentration Glucose 2 8.12+0.20 3.02+0.10
4 8.72 £0.07 3.22£0.08
5 8.90£0.03 4.87 £ 0.05
6 9.50£0.17 4.32 £ 0.05
7 9.67 £0.05 4.00+0.03
8 8.90£0.15 3.59+0.01
Nitrogen source Yeast extract 0.3 2.50+£0.02 4.02 £0.02
NH,NO, 0.3 3.20+£0.01 3.18 £0.08
Yeast extract concentration 0.1 - 2.90 £ 0.07 2.98+0.21
0.3 - 4.10+0.02 3.87£0.01
0.4 - 4.89 +0.09 498 +0.23
0.5 - 4.89 +£0.02 3.57£0.05
0.6 - 5.02 £0.07 3.00 £ 0.07
Different metal ions NaCl 0.05 2.20+0.12 1.20+0.04
KCl 0.05 2.90+0.10 1.50+0.01
MgCl, 0.05 2.87 £0.08 0.97 £0.03
CaCl, 0.05 2.65+0.05 1.30+0.02
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Advanced spectroscopic analysis

The basic characteristics of EPS were
determined via 1D 'H and **C 400 MHz NMR
spectra. The lyophilized samples were solubilized
in D,O for analysis of NMR. The spectra were
captured on a Bruker Ascend™ 400 and analyzed
with Bruker TopSpin 4.4.0 software.

Flocculation property

The flocculation capacity of EPS was
assessed by the technique of Devi et al.,® with
minimal changes. Concisely, the solution of
EPS was stirred with 1% CaCl, and 0.5% kaolin
suspension (pH 7.0). The resultant compound was
vortexed for 2 min then the uppermost surface of
the sample was retrieved and quantified at 550 nm
using a UV-Vis spectrophotometer. Flocculation
activity (FA) of EPS was evaluated using the
following formula: a (%) = {(a-b) / b} x 100, where
‘a’ and ‘b’ are the OD values of the control (dH,0)
and EPS samples, accordingly.

Water holding capacity (WHC) analysis

EPS was assessed according to the earlier
published methodology with slight modifications.?
For this test, in a microcentrifuge tube, 15 mg of
EPS sample was mixed with Milli-Q water and then

weighed. Then the sample was kept at ambient
temperature for 24 hours. Then incubation, the
mixture was centrifuged and then the supernatant
was discarded. The tubes were reweighed, and the
WHC calculation was carried out using the given
formula.

WHC = Water attached weight (mg)/primary
sample weight (mg) x 100.

Screening for antioxidant activity

Common free radical producers, such
as DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS
(2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) were used to assess the capacity of EPS to
combat oxidative stress. H,O, (hydrogen peroxide),
and FRAP (ferric ion reducing antioxidant power)
assays were also performed. Ascorbic acid
served as the reference antioxidant. For this
evaluation, the spectrophotometric method
was utilized.?

The antioxidant activity of EPS was
assessed following the procedure of Blois et
al.,*® Rajurkar et al.”” Winterbourne?®and Oyaizu.?
The results were calculated using the following
formula [(A,-A)/A,] x 10.

60 | NR 154227.1 Neocosmospora rubicola CBS 101018

0.0010 OP379518.1 Fusarium sp. isolate Glo S2

00023
KT313636.1 Fusarium sp. FSSC 5 strain GJS 09-1469
OM106597.1 Fusarium sp. isolate GLBRC400

EU750687.1 Fusarium sp. 18014

KX359614.1 Fusarium cf. solani isolate SAN1077 2

MT453275.1 Fusarium solani isolate DSM100290 DF32 RLCS13

LT746269.1 Fusarium solani

LT746274.1 Fusarium solani

LT746275.1 Neocosmospora sp. FSSC 9

100 ‘ EU750688.1 Fusarium sp. 19001

0.0050 ‘— MT251175.1 Fusarium falciforme strain DTO 422-H8

0.01

C

Figure 1. Plate morphology of the endophytic isolate (a) microscopic image of the endophytic isolate (b) and
evolutionary relationship of Fusarium sp. GloS2 with several related fungi (c)
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Statistical analysis

All trials were executed in triplicate, and
the results are expressed as the means + standard
errors (SE). Data analysis was conducted by Prism
Graph Pad software version 8.2 (San Diego,
California, USA). Additionally, Minitab (version
20.2) software was utilized for the response

surface methodology experiment, which was
based on Box Behnken Design (BBD).

RESULTS

EPS producer GloS2 is identified as Fusarium sp.
4 endophytic fungi were obtained and
the one with the highest EPS production was
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Figure 2. FTIR spectroscopy of GloS2 EPS
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Figure 3. X-ray diffraction (XRD) analysis of GloS2 EPS
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further studied for its identification. The mycelia
of isolate lack any special structure was confirmed
as Fusarium sp. GloS2 with a GenBank Acc. No.-
OP379518. To determine its phylogenetic position,
we employed the MEGA 11 program utilizing the
obtained ITS. The resulting phylogenetic tree
is shown in Figure 1. To capture microscopic
images, polarized microscopic equipment was
utilized. These images revealed the sterile mycelial
structure and provided top and bottom views of
the plate morphology (Figure 1).

Production of and optimization of the production
parameters

The OVAT optimization findings indicated
thata 5gL*GC, 0.4 gL*YEC, an MpH of 7, an 8-day
FT, and a temperature of 35°C resulted in the
highest EPS production of GloS2 (Table).

Following OVAT optimization, the study
used the RSM approach with a tri-model BBD
design (Box Behnken design), with four replicates
at the center point for critical parameters such
as the amount of glucose, amount of yeast
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Figure 4. NMR spectrum analysis of GloS2 (a) 1H NMR (b) 13C NMR
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concentration, fermentation media pH, and
fermentation time. This model aimed to investigate
the most suitable EPS production process.
Supplementary Tables shows the experimental
design, including expected and measured data
related to EPS production. The expected response
of Y to EPS synthesis by Fusarium sp. GloS2 was
defined to the coded factors as detailed below:

Y, = -116.88 + 49.65 YEC + 4.970 GC +
26.82 MpH + 6.034 FT - 52.05 YEC*YEC - 0.5409
GC*GC-2.0221 MpH*MpH - 0.7181 FT*FT - 1.458
YEC*GC- 0.505 YEC*MpH +0.183 YEC*FT - 0.0530
GC*MpH + 0.2162 GC*FT - 0.0450 MpH*FT

To evaluate the degree of fit of the RSM
to the experimental data, a regression analysis was
conducted (Supplementary Table 2). The F statistics
of the model (291.91) are significant. To assess the
goodness of fit of the regression equation, the
determinant coefficient (R*Adj) of the model was
checked. An R?Adj value of 99.14% was obtained
from the RSM-generated second-order polynomial
equation (Supplementary Table 1). This value
indicates that both the obtained and assumed
values are in proper alignment. The model is good
from its fitness point of view, as the calculated F
statistics related to ANOVA is 21.55 and the model
is accurate in depicting any equation related to
EPS production. The model was also consistent,
as the P value for lack of fit was 0.005. Each
model term was regarded as significant if the
Probability value of the probability was within
a range of 0 to 0.05. The interactions between
glucose and yeast extract were the most important
(P < 0.05). Therefore, YEC and FT (P < 0.05) were
correlated, and a three-dimensional surface plot
was generated utilizing the information from
the constructed model. This 3D plot provides an
idea of the possible interactions required for the
optimum synthesis (Supplementary Figure 1).
The 3D plots have significant quadratic surfaces
compared to the linear planes. The RSM-BBD
yielded a maximum production of 5.39 g L™ using
the said parameters.

FTIR analysis

The FTIR spectra of GloS2 within the
400-4500 cm™ range are shown in Figure 2. The
FTIR spectra, as depicted in Figure 3, revealed
the potential chemical groups present in the
structure of EPS. A prior study illustrated that EPS

encompasses a variety of functional groups.*° The
prominent and wide absorption bands observed at
3300 cm™in the EPS spectrum are associated along
with the presence of hydroxyl (O-H) functional
groups.®*In addition, bands at 2982 cm™ suggest
alkyl C-H bonds inside the carbon ring, which
is a typical characteristic of polysaccharides.??
This finding is similar to previous findings on
polysaccharide architectures.®®* Additionally,
the absorption peak in the 1000-1200 cm™ is a
distinctive characteristic of sugar derivatives.
The unique properties of the EPS observed at
800-1500 cmregion are generally determined
by the vibrational properties of the glucose unit.
Polysaccharides are specifically found to have
bands that range from 800 to 1200 cm™. The peak
underneath 1000 cm™ is frequently attributed to
phosphate group bending vibrations. Thus, the
presence of a phosphate group may be indicated
by the small peak at 628.75 cm™.3* Additionally,
distinctive bands of EPS were observed in the
800-1200 cm™ range.

XRD analysis

Itis a robust tool to assess the amorphous
and crystalline properties of materials in both
qualitative and semiquantitative ways. The XRD
pattern of GloS2 EPS (Figure 3) shows distinct
peaks in the 26 range of 20-50. The existence
of wide peaks can be attributed to the polymer
structure.

Analysis of monosaccharide compositions

The monosaccharide components are
erythrose (RT-50.65 min), fructose (RT-57.61 min),
and mannose (RT-58.69 min). Fructose is the most
abundant component compared to sugars. So, it
is a heteropolysaccharide type of EPS.

Molecular weight determination

EPS is composed of erythrose (with a
retention time of 50.65), fructose (RT-57.61),
and mannose (RT-58.69) in a 1:1:1 ratio with a
molecular weight of ~ 1.12’ 10° Da. Each repeating
unit of EPS contains one erythrose, fructose, or
mannose unit. Therefore, two hundred thirty-
three repeating units are present in the EPS.

NMR analysis
In this study, we used 'H and *C NMR
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spectra for EPS analysis. Signals within the range
of 5.3 to 3.3 ppm (*H) and 60 to 103 ppm (*3C)
are characteristics of polysaccharides.® The 'H
NMR spectra are shown in Figure 4A. Four signals
from a-anomeric proton at 5.31, 5.30, 5.12 and
5.11 ppm and it’s confirmed that a-glycosidic
linkage existed in this EPS.3® The chemical shift
from 4.1to 3.3 ppm has indicated the a-glycosidic
rings.*’A signal in the range of 5.12 was attributed
to galacturonate acid residues.?®'*C NMR spectra
showed in Figure 4B, the anomeric carbon signals
at 103,92 ppm. Also, a single spectrum at 92.11
indicated that it was a-pyranose, similar to the
polysaccharide from Cordyceps sinensis.** The
C2-C6 signals were observed within the region of
60-92 ppm. The downfield chemical shift at about
76.3 stated that it was (1 4,6)-3-D-galactopyranosyl
moiety, similar to what was seen with the EPS from
Fusarium solani.?* The chemical shift at 62.34 ppm
represented the unsubstituted C6 and attributed
at about 69.59 ppm was represented as the
substituted of C4 glucose residue.*

Flocculation activity

The EPS showed significant flocculation
activity (Supplementary Table 3). The highest
flocculating activity (88.37%) of the EPS was
observed at a concentration of 40 mgL? in
comparison to the equal amount of standard clay
suspension.

Water holding capacity (WHC) analysis

The hygroscopic nature of EPS is reflected
in its water-holding capacity (WHC), which is
related to the existence of hydrogen bonds within
the polymer substances, enabling the retention
of water.** The WHC of GloS2 EPS was 188.07
1.33%.

Antioxidative activity of GloS2-EPS

The IC_, value for the hydroxyl radical
scavenging ability of GloS2 was 15.05 = 0.51 ug
mL* (Supplementary Table 4). However, compared
to ascorbic acid (AsA), EPS showed greater
scavenging activity.

The IC, value DPPH radical scavenging
was 29.21 + 0.41 pyg mL™* which is equivalent to
that of AsA (31.93 + 0.68 ug mL?). Therefore, a
comparison shows that the scavenging ability of EPS

is moderate against DPPH radicals (Supplementary
Table 4).

In the ABTS radical assay, antioxidants can
contribute electrons or hydrogen atoms, influencing
the color of ABTS, and the antioxidant capacity of
the sample was estimated (Supplementary Table
4). GloS2 had a scavenging capacity of 25.35 +
0.086 pg mL! against ABTS radicals. The results
indicated that EPS had greater scavenging ability
than AsA.

Reducing ability was assessed in the
reducing power assays by the reaction change of
Fe* to Fe?'. The EPS of GloS2 showed a greater
absorbance value than the standard, indicating a
stronger reductive potential and electron donor
capacity for free radical stabilization. IC_ value
was 73.44 +1.32 ug mL* (Supplementary Table 4).
Furthermore, the investigation revealed that the
antioxidant potency of the sample simultaneously
depended on the concentration.

DISCUSSION

With several uses in both medicine and
agriculture, endophytic fungi have long been
reliable sources of potent bioactive chemicals.*
These endophyte-derived secondary metabolites
have proven to be viable alternatives to common
antibacterial and antioxidant substances. In
particular, EPS exhibits considerable potential
and has excelled in this domain.*® Extracellular
polymeric substances from endophytic fungi have
gained widespread recognition for their potent
antioxidative properties. They hold the promise of
replacing currently used components in this role.
To realize their full potential for pharmaceutical
applications, it is imperative to maximize their
production. To attain the optimum yield of EPS, a
variety of optimization strategies are being used.

The fermentation duration is the first
crucial factor in ensuring maximum production
of EPS. The highest yield of EPS was observed
after 8 incubation days in the current study. Table
shows the daily fluctuations in fungal growth and
related EPS production. EPS production gradually
increased between days 2 and 8 but then abruptly
declined. The decline in EPS production may be
due to EPS mobilization by the organism, possibly
influenced by EPS hydrolase along with depletion
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of the carbon source also reduced broth viscosity
supported this belief. An extended incubation
period also promotes EPS lyase activity, reducing
EPS levels.** The data also revealed similar
incubation durations for EPS production.*46

The synthesis of EPS is significantly
influenced by the temperature either enzymatic
stimulation or inhibition. Furthermore, both
EPS and biomass production were reduced
at certain temperatures. The synthesis of any
microbial metabolite is particularly sensitive to
the pH of the medium.?” pH plays a vital role in
enzymatic activity for high EPS production. The
maximum biomass and EPS were achieved in
this investigation at an initial medium pH of 7
(3.890 g L?). D-glucose was shown as the most
efficient carbon source for achieving maximal
synthesis of EPS. The production shows a robust
correlation with the addition of carbon sources.*
Experiments with varying glucose concentrations
(from 2% to 5%) revealed that biomass and EPS
production increased simultaneously within
this range. However, the best concentration
for generating the greatest amount of EPS was
5% glucose, which produced a yield of 4.876
gL, Furthermore, nitrogen was shown to be
an essential ingredient for the formation of EPS
and biomass. High amounts of EPS and biomass
were produced by yeast extract and NH,NO_,
with the most favorable amount of yeast extract
concentrate being 0.4 gL?, which produced EPS
at a rate of 4.98 gL'. Moreover, metal ions are
key to biological functions by acting as catalysts
in essential enzyme reactions. In this study, EPS
production was greater in KCl-supplemented
media than in NaCl and MgCl, supplemented
media. These results emphasize that metal ions
may increase cell membrane permeability and
increase EPS secretion. Alternatively, these ions
could act as cofactors for key enzymes essential
to EPS production. Also this finding suggests the
role of metal ions, glucose content, and nitrogen
sources in the optimization.?> However, the OVAT
optimization technique played a significant role in
selecting various culture conditions and growth
components that improved the yield of EPS
produced by Fusarium sp. GloS2.

From the FTIR data, it is anticipated
that the EPS contains different chemical groups.
The occurrence of these distinct chemical

groups influences the bioactivities of EPS.*®
XRD results revealed the crystalline structure
of the EPS. These findings are consistent with
prior studies,* indicating that biopolymers have
crystalline areas, even though most biopolymers
are characterized as amorphous in the literature.

According to GC-MS analysis, EPS were
shown to be heteropolysaccharides consisting
of monosaccharides. Three distinct forms of
the monosaccharides, erythrose, fructose, and
mannose, were discovered to be present in
Fusarium sp. GloS2 (molecular weight ~ 1.12
x 10° Da). The unique configuration of EPS
frequently determines their bioactivity. The
endophytic fungi Colletotrichum alatae LCS1 and
Fusarium sp. Al14 has been shown to possess
similar heteropolysaccharides (molecular weight
~3.29 x 10° Da and ~ 2.4 x 3 10*Da), which
comprise similar kinds of sugar moieties. These
heteropolysaccharides demonstrate significant
bioactivity.?>**Moreover, both proton and carbon
NMR spectra of EPS revealed the existence of
a-glycosidic linkage along with galacturonic
acid residues.®*® Also, this finding highlighted
the complex and unique structure of EPS with
notable B-D-galactopyranosyl moieties and
substituted glucose residues. A recent study
showed that exopolysaccharides of Lactobacillus
delbrueckii ssp. bulgaricus exhibited strong
antioxidant activity mainly due to its high galactose
content. Glycosidic linkage and branching patterns
enhanced this activity by improving flexibility and
water solubility. These characteristics are crucial
for effective radical scavenging.>® Research showed
that antioxidant activity of exopolysaccharides
might depend on low molecular weight, high
branch degree, different linkages and complex
conformation. In vitro antioxidant activity revealed
that polysaccharides (extracted from Tricholoma
lobayense) made up of galactopyranosyl moieties
exhibited antioxidant activities.>

The flocculation activity of the EPS is
concentration-dependent (Supplementary Table
3). A comparable level of flocculation activity
was observed for EPS isolated from MRL SM
8 (Fusarium mangiferae).> Functional group
and molecular weight significantly improve
flocculation, and higher doses can decrease
the efficiency of flocculants.®®* A comparable
progression in flocculation activity with increasing
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EPS dosage was previously found for Lysinibacillus
fusiformis KMNTT 10.>* The current flocculation
study revealed that the EPS generated by Fusarium
strains had a wide range of flocculation efficiencies,
making them potentially useful in the sludge
treatment, food, and mining industries. The WHC
capacity of GloS2 was high, surpassing other EPS
sources like Bacillus licheniformis and Gloeocapsa
gelatinosa.***

DPPH radical and H,0O, scavenging assays
assess the oxidative stress resistance ability of
natural substances.>® Previous research revealed
that EPS derived from Fusarium solani SD5 has
considerable DPPH radical scavenging ability.>’
Isolated EPS was therefore predicted to donate
hydrogen ions, resulting in the decolourization of
violet-coloured DPPH to a colourless product.>’
The superoxide radical scavenging capacity is
also important in antioxidant research.*® Recent
discoveries showed that different kinds of
exopolysaccharides isolated from endophytic fungi
exhibited antioxidative activities, e.g. Cyclocarva
paliurus,®® Armillaria mellea,* Fusarium equiseti,®®
Fusarium culmorum,®® Pilidiella guizhouensis.5
Different types of approaches are taken to
fight against problems of malignancy, tumor,
and cytotoxicity, and EPS from GloS2 is just a
nature-based sustainable solution to that.®® The
antioxidant capacity of GloS2, as determined by
DPPH, ABTS, H,0,, and FRAP radical capturing, was
contrasted against that of ascorbic acid in this
study. The remarkable IC_, value of EPS shows its
potential as a substitute for synthetic antioxidants.

The EPS from GloS2 is found to be an
effective in vitro antioxidant (in terms of free
radical scavenging). Still, its in vivo activity must
be assessed for further therapeutic use and dose
selection. Their oral dosage-based application
in the liver, and kidney tissues of Wistar rats or
Swiss albino mice as per the body weight will
elucidate the potent radical scavenging activity
in animal systems and will ease up things for
further pharmaceutical utilisation. Antioxidative
potentialities of two novel EPS from endophytic
fungi of medicinal plants exhibit strong repro-
protective activity in vivo and support our present
investigational outcomes.®

CONCLUSION

Polysaccharides possess distinct
therapeutic qualities, including antibacterial,
antioxidant, anticancer, and antiproliferative
effects. This study revealed that Endophytic
Fusarium sp. GloS2 exhibits a diverse composition
of EPSs comprising various monosaccharide
units, as well as in vitro antioxidative properties.
However, further in vivo testing is essential to
accurately ascertain its antioxidative potential.
These findings hold significant promise for the
pharmaceutical industry. Moreover, they fuel the
enthusiasm of endophyte biologists to explore
novel, naturally biodiverse regions or biomes in
search of such unique endophytic fungi. These
fungi serve as effective sources of functional
EPS, opening up new avenues for research and
application.
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