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ABSTRACT

Bacterial exopolysaccharides (EPS) represent a diverse class of biopolymers with wide-ranging applications
in food, pharmaceutical, and nutraceutical industries. To explore novel bacterial EPS, this study focused on
isolation of EPS producing bacteria from the rhizosphere region of sweet potato plantation. A total of 25
morphologically different mucoid isolates were recorded whose extracted EPS was confirmed using the
Molisch test. Selected isolates EPS were partially purified and quantified for which EPS Sp21 led to highest
dry weight yield of 2.40 g/1 of media. The exopolysaccharide from EPS Sp21 had a carbohydrate content of
84.69+0.031ng/ml and protein content of 7.50+.04pg /ml as determined by phenol sulphuric acid and Lowry’s
method respectively. The extracted EPS UV visible analysis demonstrated absorption in the range of 200
nm to 400 nm with maxima at 230 nm indicative of C-O, C-C, or C-O-C sugar backbone bonds. Zeta-
Potential studies of purified exopolysaccharide confirmed that EPS is anionic with highly poly-dispersive
nature. Further, scanning electron microscopic appearance of EPS was highly irregular, layered, porous
and spongy. Energy-Dispersive X-ray analysis (EDX) demonstrated predominance of carbon (55.2 wt.%)
and oxygen (40.7 wt.%) with other trace elements. 16SrRNA sequencing and BLAST analysis of EPS Sp21

exhibited similarity to Enterobacter cloacae.
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Introduction

Bacterial exopolysaccharides (EPS) are high molecu-
lar weight macromolecules imparting defending at-
tributes to the producers. Apart from providing nu-
trition, EPS can assist bacteria in host adhesion,
biofilm formation and protection against
unfavourable physical and chemical conditions
(Casillo et al., 2018). Owing to this, their appearance
is equally vocal in a diverse array of Gram-negative
and Gram-positive bacteria (Kaur and Dey, 2023).
Across bacteria, EPS is predominantly encountered

as a cell surface matrix which is either firmly or
loosely attached. Moreover, in certain bacteria it
may exhibit a completely secretory nature which
makes extraction and purification simpler (Xiao et
al., 2022). Analogous to variations in localization,
uniformity is also not observed with respect to its
production stage. Though most bacteria begin EPS
production in the exponential or stationary phase,
the exact phase of production depends on bacterial
strain and environmental parameters. Interestingly,
the EPS production stage may not be confined in a
bacterium but can alter with triggering factors mak-
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ing its production highly manipulative (Xu et al.,
2009).

Compositionally bacterial EPS shows a predomi-
nance of carbohydrates followed by proteins and
meagre amounts of nucleic and uronic acids
(Angelin and Kavitha, 2020). Thus, they are prima-
rily either homopolysaccharides (branched and un-
branched) or hetero polysaccharides which are com-
posed of simple sugars like glucose, fructose, galac-
tose, rhamnose, fucose, N-acetylglucosamine and
alginate, xanthan, gellan etc, respectively (Pereira et
al., 2019). However, this composition is found to
vary not only across bacterial species but also their
planktonic and sessile form (Kives et al., 2006).
Moreover, variations in EPS composition are also
reported due to triggering factors like environmen-
tal and nutritional changes. The presence of each
macromolecule with its unique permutation of
bonding and branching pattern makes EPS either
polyanionic or polycationic (Sharma et al., 2021;
Nkoh et al., 2019).

Bacterial EPS are currently receiving considerable
limelight not only due its heterogenous, complex
and biocompatible nature but also due to economi-
cal, simple and reproducible extraction procedures
(Nwosu et al., 2019). Moreover, due to rapid multi-
plication rates, manipulating environmental param-
eters and utilization of a wide range of substrates
bacterial EPS is becoming a favoured choice
(Nguyen et al., 2020). Bacterial EPS are known to
carry diverse functional groups from hydroxyl to
acetate, and porous morphology which makes cum-
bersome alterations easy to enhance existing valu-
able properties. Lastly EPS chemical and physical
properties can further be altered by medium, envi-
ronmental and genetic manipulations. Owing to
these abundant advantages bacterial EPS have
found applications in diverse industries from food
to pharmaceuticals. The present study thus aims for
isolation and characterization of EPS producing bac-
teria and physicochemical analysis of
exopolysaccharide.

Materials and Methods

Isolation and Screening

Soil samples were collected from a depth of 20 cm
from the rhizosphere of Sweet Potato plantation
(19.012769° N and 73.0308° E). Using appropriate
dilutions of the soil samples isolation was carried
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out on sterile Yeast Extract Mannitol agar plates
(Abd-Alla et al., 2024). On incubation at 37 °C for
48hrs macroscopic characters of the isolates were
recorded. EPS producing isolates were selected
based on mucoid phenotype (Dhanya et al., 2018).

Preliminary screening of EPS Producing isolates

For preliminary screening, EPS from mucoid isolates
was extracted using formaldehyde/ethanol method
and confirmed by Molisch test (Shukla et al., 2022).
The confirmed EPS producer’s polysaccharide was
extracted using the same method followed by its
partial purification using membrane filtration (0.22
um) and dialysis (Yadav et al., 2024). Isolate with
highest EPS yield was selected for further studies.

Quantification of Carbohydrate and Protein
content in EPS

Thetotal carbohydrate and protein content in se-
lected isolate’s EPS was determined by using phenol
— sulfuric acid method (Dubois et al., 1956, Amao
and Omojasola, 2019) and Lowry method respec-
tively (Waterborg, 2009; Kanamarlapudi and
Muddada, 2017).

Characterization of Exopolysaccharide (EPS)

Ultraviolet-Visible Spectroscopic analysis of EPS

Purified EPS (10 ug/ml) obtained post-dialysis was
prepared in double distilled water and subjected to
UV-Visible analysis (Shimadzu UV-1800). Post
baseline correction a wavelength scan in the range of
200 nm to 800 nm and 200 to 300nm was performed.
Throughout the study double distilled water was
maintained as blank (Pratiwi et al., 2022).

Zeta Potential Analysis of EPS

Zeta potential study enables quantification of charge
developed on a particle’s surface, owing to ioniza-
tion of chemical groups or adsorption of ions
(Tamboli and Tade, 2025). Thus, this study will re-
veal ionic character associated with the potent EPS.
Here using ELSZneo (Otsuka Electronics Co., Ltd.)
particle size and charge on potential EPS were mea-
sured. EPS sample (0.5 mg/ml) was prepared using
double distilled water. After optimizing the
analyser, Iml of prepared EPS sample was loaded in
the rinsed zeta cell with reference to aqueous stan-
dard polystyrene latex, - 70.3 mv+10 %. Measure-
ment was carried out at 25 °C with water as dispers-
ant (Rf-1.33). The instrument calculates electro-
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phoretic mobility and converts it to zeta potential
using the Smoluchowski equation (Gangella et al.,
2021).

Scanning Electron Microscopic examination of EPS

For this study, 0.5mg of purified EPS fine powder
was mounted on an aluminium stub (1.2 cm in di-
ameter) with carbon tape. Loose particles were
eliminated using a blower, followed by a thin sput-
ter coating of gold (~5-10 nm) for duration of ~30-
60 seconds. An appropriate vacuum mode was se-
lected depending on sample conductivity. In the
SEM mode, accelerating voltage and magnification
were 5-15 kVac and 100,000X, respectively
(Bamigbade, 2023).

Energy-Dispersive X-ray analysis (EDX) analysis
of EPS

Using SEM in EDX analysis mode, an appropriate
area was selected using either point or area scan.
The operating settings included voltage of 15-20 kV
to ensure sufficient penetration depth and acquisi-
tion time between 30-100 seconds. The spectra were
interpreted to determine the presence of elements
typically associated with EPS (Zaghloul and
Ibrahim, 2022).

Identification of potent EPS producer

For identification of potent EPS producer, genomic
DNA was extracted using HiPurA Bacterial DNA
purification spin column kit (MB505-250PR,
HiMedia, India). The extracted product was con-
firmed using 1% agarose gel electrophoresis. Using
universal primers, F27 (5 "AGAGTTTGATC
MTGGCTCAG 3’) and 1492R (5" GGTTACC
TTGTTACGACTT 3’) and Applied Biosystems
Veriti Thermal Cycler, amplification of 165rRNA
was carried out.

The EPS producing isolate was identified using
16SrRNA sequencing. PCR products were detected
by staining with GelRed Nucleic Acid Gel Stain on
1% agarose electrophoresis gel. PCR product was
purified using Exonuclease I and Shrimp Alkaline
Phosphatase Purification Kit and sequenced using
the BigDye Terminator v.3.1 Cycle Sequencing Kit
(Applied Biosystems, USA). Cycle sequenced
amplicons were purified using sodium acetate-etha-
nol method (Thermo Fisher Scientific) and sequenc-
ing reactions were run on a 3500xL Genetic Ana-
lyzer (Applied Biosystems, USA). Sequencing files
were edited using CHROMASLITE (version 1.5)
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and further analysed by Basic Local Alignment
Search Tool (BLAST)

Results and Discussion

Isolation and Screening

A total of 10 soil samples were collected from the
sampling site. The soil was dark brown, with earthy
odor, and coarse nature. Across 63 morphologically
different isolates only 25 demonstrated mucoid phe-
notype. Each isolate was transferred and maintained
on sterile Yeast Extract Mannitol agar slants for fur-
ther evaluation.

Preliminary screening of EPS Producing isolates

Each isolate’s EPS was extracted successfully.
Across 25 isolates, 18 isolated EPS were confirmed
using the Molisch test. EPS from all the 18 isolates
were extracted and partially purified. Most of the
isolates had an EPS dry weight yield in the range of
0.3gm/lit to 1.7 gm/lit. However,EPS Sp 21 (Fig. 1,
2) was highest EPSproducer with dry weight yield
of 2.40gm/lit and hence was selected for further
studies.

Fig. 1. EPS Sp21 Growth  Fig. 2. Purified and Dried

EPS

Carbohydrate and Protein Quantification of EPS

Using phenol sulphuric acid method and Lowry’
method, 100 png/ml of purified EPS from isolate EPS
Sp21 had a carbohydrate content of 84.69+0.031 g/
ml and protein content of 7.50+.04 png/ml, respec-
tively. This not only confirms that isolate’s EPS is
carbohydrate-rich and protein deficient biopolymer
but also its effective purification suitable for further
biochemical and functional characterization. A mi-
nor fraction of protein islikely to be outcome of gly-
coprotein linkages or extracellular enzyme residues
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(Patel et al., 2020; Kumar et al., 2021).

Characterization of EPS

Ultra-violet visible and Zeta Potential analysis of
Purified EPS

Wavelength scan of EPS in the UV-Vis region (Fig.
3) showed maximum absorption from 200nm to
400nm with maxima at 230nm indicating the pre-
dominance of chromophores. Absorption seen at
200-230 nm often suggests the presence of conju-
gated carbon systems, such as carbonyl (C=0)
groups or aromatic rings. Since many anionic
exopolysaccharides contain uronic acids or acety-
lated groups, this absorption might be due to the
presence of conjugated carboxyl group in EPS struc-
ture. Furthermore, absorbance around 200-230 nm
is indicative of C-O, C-C, or C-O-C sugar backbone
bonds, reflecting electronic transitions of the
glyosidic linkages. (Paikra and Panda, 2022 and
Pratiwi and Nandiyanto, 2022)
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Fig. 3. UV Visible scan of EPS

Zeta potential study (Fig 4) revealed that EPS has
Z-average diameter of ~4.73 um and Polydispersity
Index (PDI) of 1.467 indicative of very broad distri-
bution and highly polydisperse (PDI > 1) nature,
respectively. The net Zeta potential on EPS was
found to be —24.3 mV. This negative value suggests
that the exopolysaccharide has a significant degree
of electrostatic repulsion between the particles. Mo-
bility and electrokinetic behaviour of EPS was -
1.972E-004 cm?/Vs which signifies the particle’s
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movement in response to the applied electric field.
The negative mobility in combination with the zeta
potential, confirms the anionic surface charge on
EPS. Studies have reported anionic EPS typically
carries a negative charge due to functional groups
like carboxylates (-COOY), sulphates (-SO?{), or
phosphates (-PO?). Anionic EPS are preferred over
cationic EPS owing to better binding capacity and
biodegradable nature (Casillo et al., 2018; Ghosh et
al., 2024)

Scanning electron microscope analysis of EPS

Under low magnification, (2 mm) irregular shaped
flakes with crumpled, sheet-like morphology having
rough surfaces and visible internal cavities, indica-
tive of porous architecture, were observed. Similar
observations were recorded at higher magnifications
(100 pm and 20 pum) typical to a native polysaccha-
ride (Fig. 5). Moreover, at higher magnifications, the
structure has a sponge-likesurface with irregular
distribution of pores, typical of hydrogels. The pres-
ence of interconnected pores suggests good fluid
absorption, swelling capacity, and potential cell at-
tachment sites which can be employed in drug load-
ing, release and absorption.
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Fig. 5. Scanning Electron Microscope images at low and
high magnifications

Energy-Dispersive X-ray analysis (EDX) analysis
of EPS

EDX analysis (Fig. 6) revealed the sample is pre-
dominantly carbon (55.2 wt.%) and oxygen (40.7
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Fig. 6. EDX analysis of EPS Sp21

wt.%), A small proportion of nitrogen (2.23 + 0.25
wt.%) was also detected, which may be attributed to
the presence of amino sugars or residual proteina-
ceous material. Trace amounts of sodium, phospho-
rus, potassium, and calcium were also recorded.
This confirms the polysaccharide nature of the EPS.

Identification of EPS Sp21

The genomic DNA was purified successfully and
the PCR amplified product was sequenced.
BLASTN analysis of amplified product revealed
that the isolate has 99.15% similarity to Enterobacter
cloacae strain DSM 30054 (NCBI Accession No.
NR_117679.1), with query coverage and E value as
100% and 0, respectively.

Conclusion

Considering the demand for natural
exopolysaccharide in diverse industries the current
work aimed at isolation and preliminary character-
ization of EPS and its producer. Across 25 EPS pro-
ducing isolates, EPS Sp21 was found to have highest
productivity. EPS biochemical and spectroscopic
analysis revealed a high C:O ratio and indicated the
presence of conjugated carboxyl or carbonyl groups.
The EPS was anionic with highly polydispersive
character as detected during Zeta potential analysis.
SEM analysis revealed that EPS has porous and
sponge like morphology which can be employed ef-

fectively in the pharmaceutical industry. EPS Sp21
had 99.15% similarity to Enterobacter cloacae as deter-
mined by 165rDNA sequencing and BLASTN analy-
sis. This is the first study which confirms composi-
tion, porous and anionic character of EPS from
Enterobacter cloacae.
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