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Abstract

An exopolysaccharide (EPS)-producing bacterium, Entero-
bacter cloacae VHP-34, was isolated from a coastal area of
Umargam, Gujarat. Water-soluble EPS produced by Entero-
bacter cloacae VHP-34 was recovered with the organic solvent
acetone and then purified. Carbohydrate and protein content
were measured by the phenol sulphuric method and the Folin-
Lowry method, Carbohydrate and protein content were 40%
and 0.002%, respectively. Acid hydrolysis was done to check
the monosaccharide linkage within the EPS polymer. Strong
acids like HCI and trifluoroacetic acid (TFA) were used to
hydrolyze the EPS. Filtered hydrolysate was used to determine
monosaccharide by thin layer, paper and HPLC techniques.
It was found that the repeating unit of EPS consisted of glucose
and galactose as main monosaccharide components. Purified
EPS was checked for functional groups and for structural
elucidation by FTIR and NMR. SEM was done to check porous
structure of EPS of Enterobacter cloacac VHP-34. Based on
the results of NMR and FTIR, the obtained EPS structure
has monosaccharide fragments with backbones of o-D-Glcp
(I = 4)-a-D-Glcp-(1 — 6)-a-D-Galp, respectively.

Keywords: Enterobacter cloacae, Thin Layer chromatogra-
phy, Paper chromatography, Glucose, Galactose
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Introduction

xopolysaccharides (EPSs) are high molecular weight

sugars that adhere to microbial cells in the marine

system in the form of capsular polysaccharides.

Currently, demand for biological, bioactive polymers
has increased in many sectors.! Marine terrains are rich and
largely unexploited sources of bacterial EPS that can be devel-
oped into different bioprospecting applications.?

Considerable research attention is being placed on marine
microorganisms due to the rich ecological and physiological
diversity of marine environments.> Marine organisms have the
ability to secrete distinctive bioactive compounds, including
polysaccharides and enzymes, which can be used for societal
needs.* Among these bioactive compounds, EPS is one of the
most promising, since exopolysaccharides play important roles
in both saline and hypersaline environments.’

EPS plays a pivotal role in many mechanisms held in marine
ecosystem like nutrient uptake, aggregation, adhesion to shells,
and biofilm formation.® Various Gamma-Proteobacteria were
entrenched as EPS producers. Many halophilic EPS-producing
bacteria are known for protecting membrane integrity of the cell.
The most common halophilic EPS producers belong to the genus
Halomonas.” The exopolysaccharides produced by bacteria
exhibit vast structural diversity, and thus have found a broad
range of implementation in different industrial sectors because
of their physical and rheological properties.®

Marine strain Enterobacter cloacae 70206 has glucose,
galactose and mannose as part of its structural carbohydrates’
monomers.’ Another marine strain, Enterobacter sakazakii, has
glucose, fucose and galactose as part of its monosaccharide
backbone,'® while Enterobacter A47 marine bacterium has
glucose, fucose, galactose and glucouronic acid in structural
composition. !

EPS secreted by marine bacteria have been used as constit-
uents in food products, pharmacy, oil industry, hydrocarbons,
vegetable, mineral oils and bioremediation for environment

DOI: 10.1089/ind.2023.0020
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protection.!? EPS is used as a stabilizing and emulsifying agent
in food industries. EPS is hydrophobic with high molecular mass
and can encourage surface activity, making it useful in emul-
sification.!® Gellan, one type of EPS produced from moderately
halophilic bacterium Sphingomonas paucimobilis ATCC 31461,

can be used as a food additive.'* Glycosaminoglycans, a type
of EPS, is principally used in glycobiology, which is used
for therapeutic drugs.'> EPS of Azotobacter chroococcum XUl
is used in metal bioremediation of Pb and Hg.'® EPS of En-
terobacter sp.was able to do metal bioremediation of Pb.
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Determination and examination of the chemical composi-
tions and structural elucidations of EPS are necessary to
understand their structure—function relationship.'” The chemical
characterization of EPS has been performed by many advanced
techniques, including FTIR, NMR, acid hydrolysis, high-
performance liquid chromatography (HPLC), methylation
analysis, gas chromatography with mass spectroscopy (GC-MS)
and many more.'®

To determine the primary structure of EPS, it is crucial to
examine and identify the repeating unit of monosaccharide. The
monosaccharide composition analysis of EPS usually involves
different methods such as acid hydrolysis or detection by HPLC,
HPTLC and GC.! There are several available methods for
hydrolysis of EPS, which includes acid hydrolysis, enzymatic
hydrolysis and combined acid and enzymatic hydrolysis. Acid
hydrolysis is common and makes use of some common chemical
catalysts like hydrochloric acid (HCI), and trifluoroacetic acid
(TFA). FTIR provides information of functional groups present
at polysaccharide whereas NMR provides the structural per-
ception of carbohydrate polymer by giving information reg-
arding possible linkages between monosaccharide and their
orientations to each other.?

Various analytical methods exist to explore EPS structure and
determine the relative amount of monosaccharides present in
polymer.?! Different spectroscopic methods like such as FTIR
and NMR are well-known methods that can provide significant
information regarding polysaccharide structure.??

The present study focuses on (A) partial purification of
EPS from bacterium Enterobacter cloacae VHP-34 with
acid hydrolysis, paper and thin layer chromatography and
(B) characterization of EPS by NMR, FT-IR, HPLC, and
Scanning Electron Microscope-Energy Dispersive X-ray
crystallography.

Materials and Methods
ISOLATION AND IDENTIFICATION OF EPS PRODUCING
BACTERIA

Potent EPS producer VHP-34 was isolated from Umargam
coast area of Gujarat and grown on modified GYE agar. The 16s
rRNA analysis was compared with other 16 nucleotide sequ-
ences. Evolutionary analyses were conducted by MEGA7. From
the results of 16s rRNA sequencing, the isolate VHP-34 was
found to be Enterobacter cloacae (GenBank, Accession No:
MW492544).2

PRODUCTION OF EPS IN MODIFIED GYE MEDIUM

Enterobacter cloacae VHP-34 was inoculated in modified
glucose yeast extract medium and incubated at 37°C for 72 h on
shaker at 150 rpm. At intervals of 24 h, 10 mL broth was with-
drawn and centrifuged at 10,000 rpm for 10 min. The sticky
supernatant was collected in a centrifuge tube and mixed with
double volume of chilled acetone (RANKEM, 99% pure).
Sticky precipitates were filtered on a pre-weighted Whatman
filter paper. The dried Whatman filter paper was weighed after
overnight drying. The increase in the weight of filter paper was
calculated, with the weight indicating dry mass of EPS produced
by bacterium.*
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EPS Extraction & Recovery
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Fig. 1. Process outline for purification and characterization of EPS

PURIFICATION AND RECOVERY OF EPS

Organic solvent was used to precipitate EPS content in liquid
broth. The efficacy of various solvents—acetone, methanol,
ethanol and isopropanol—to extract the EPS from fermented
broth was evaluated.?* EPS was dried in a hot air oven for 24 to
48 h and then ground in a mortar and pestle (Fig. ).

DETERMINATION OF TOTAL CARBOHYDRATE
AND PROTEIN CONTENT OF EPS

The phenol sulfuric acid method is commonly used for the
fast determination of total carbohydrate content of bacterial
EPS. Total carbohydrate content of EPS was measured by
phenol sulfuric method with glucose as a standard® and total
protein content of EPS was measured by Folin-Lowry method
with bovine serum albumin as a standard.?¢

ACID HYDROLYSIS OF EPS FOR ANALYSIS
OF MONOSACCHARIDE

EPS was hydrolyzed with two strong acids. 20 mg of dry EPS
powder hydrolyzed with 6N Hydrochloric acid and 2M

Fig. 2. Extracted EPS in organic solvent (acetone)
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Trifluoroacetic acid was incubated at 100°C
for 20 min to 1 h. Hydrolyzed sample was
neutralized with sodium carbonate until pH
reached 7.0. Aliquot of hydrolysate was
filtered through Whatman filter paper be-
fore using it for paper chromatography, thin
layer chromatography (TLC) and HPLC.

PAPER AND THIN LAYER
CHROMATOGRAPHY OF HYDROLYSED
EPS

Monosaccharide composition of the EPS
was analyzed by paper chromatography and
TLC. Neutralized hydrolysate was filtered
using Whatman filter paper no.1 for chro-
magraphy analysis. Standard chromato-

graphic sheet of Whatman filter was used
for paper chromatography and silica gel
60G (Merck) plates were used for TLC. For
both chromatographic procedures, the same solvent system was
used. Standardized solvent system was butanol: isopropanol:
pyridine: water in proportions of 103:56:28:8. Hydrolyzed
sample of EPS was spotted on paper as well as TLC sheet along
with standards like glucose, galactose, sucrose, maltose, fruc-
tose, and lactose. After each run, sheets of paper and TLC were
sprayed with developer aniline diphenyl amine (ortho-
phosphoric acid, acetone) reagent and incubated at 105°C for
10 min to develop the spots.

distance travelled by solute
distance travelled by solvent

Rf value =

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

For glycosyl compositional analysis of monosaccharides
present in EPS, HPLC analysis was done using Model Waters
Inc, S5 amino column, with RI detector (R 410, Waters) and
H>O as mobile phase. Flow rate was 0.6 mL/min and runtime
was 25 min. EPS-hydrolyzed sample along with standards were
injected in column. The retention time obtained was compared
to those determined using D-Glucose and

Fig. 3. Paper and TLC chromatogram of EPS hydrolyzed with HCl along with standards

SCANNING ELECTRON MICROSCOPY (SEM) AND ENERGY
DISPERSIVE X RAY SPECTROSCOPY (EDX) OF EPS

SEM was done to study the surface morphology of EPS. EPS
solution (1 mg/mL) was air dried. The sample was analyzed
by scanning electron microscopy (JEOL, JSM-7100F). EDX
analysis was done for elemental analysis of EPS.

Results
PRODUCTION OF EPS IN MODIFIED GYE MEDIUM
Optimization was done manually using statistical tools
like Central Composite Design and Response surface method
to optimize EPS production by Enterobacter cloacae. The
optimum condition was glucose-10.0%, yeast extract-2.0%,
peptone-0.2%, NaCl- 5.0%, inoculum concentration 2%, 72 h
incubation, pH 7, and 37°C temperature.*

PURIFICATION AND RECOVERY OF EPS

Fermented broth was centrifuged at 10,000 rpm for 10 min.
After centrifugation supernatant was taken. For the precipitation
and recovery of EPS, organic solvent was used. Double the

D-Galactose as standards.

FOURIER TRANSFORM INFRARED
SPECTROSCOPY (FTIR) OF EXTRACTED
EPS

FTIR of EPS was performed using Bru-
ker IR spectrophotometer. Sample was
scanned from 500 to 4000 cm™.

NUCLEAR MAGNETIC RESONANCE
ANALYSIS OF EPS

NMR spectrum of EPS was analyzed
using JEOL, ECZR 600 MHz spectrometer.
EPS was dissolved in deuterium oxide
(D>0), at a concentration of 10 mg/mL for

IH NMR. The spectrum was recorded at
600 MHz.
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Fig. 5. HPLC chromatogram showing analysis of EPS of Enterobacter cloacae VHP-34

volume of acetone was used for the recovery of EPS, which
resulted in good quantity of EPS with 32.0 g/L for Enterobacter
cloacae VHP-34. Comparison of our data with other solvents,
like ethanol, gave 16 g/L; methanol yielded 0.9 g/L, and iso-
propyl alcohol gave 26 g/L. of EPS.?* During the study, it was
observed that acetone not only decreased the solubility of
polymer but also washed out impurities such as color compo-
nents, salts, and cells. Crystalline powder again dissolved in
double distilled water and was precipitated again using 1:2
proportions of acetone. This procedure was done three times to
remove maximum protein contamination from EPS. Purified
EPS powder can be stored at 60°C for long periods of time.

Figure 2 shows recovery of EPS in acetone and pure EPS after
three to four repeated washes with acetone.

DETERMINATION OF TOTAL CARBOHYDRATE
AND PROTEIN CONTENT OF EPS

Total carbohydrate content in EPS of Enterobacter cloacae
was 40%, as measured by phenol sulfuric method. Total protein
content was measured by Folin Lawry method, and it was found
that EPS did not contain any protein residues. Furthermore,
qualitative test determination for carbohydrates via the Molish
test, Benedict test and Seliwanoff’s tests were positive for EPS,

2910em-1

3361 cm-1

Transmittance [%)]

1209cm-1
1320cm-1

1650 em-1

T
2500

Wavenumber cm-1

. 1017 cm-1
T

T
2000 1000

Fig. 6. IR Spectrogram of EPS of Enterobacter cloacae VHP-34
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Fig. 7. 1tH NMR of EPS of Enterobacter cloacae VHP-34
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Fig. 8. Proposed structure of EPS of Enterobacter cloacae VHP-34
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Table 1. Elemental Analysis of EPS of Enterobacter cloacae
VHP-34

ELEMENT ATOMIC%

C 52.04
N 7.61
0 39.13
Na 0.98
P 0.08
S 0.09
cl 0.07
Total 100

indicating the presence of carbohydrates by detecting reducing
sugars as hexo and aldo forms.

ACID HYDROLYSIS OF EPS FOR ANALYSIS
OF MONOSACCHARIDE

Acid hydrolysis was done using hydrochloric acid and tri-
fluoroacetic acid. Comparison between the two strong acids
showed that TFA gave good results for hydrolysis of polysac-
charide. Research suggested that TFA has become the first
choice for most sugar derivative analysis due to its effectiveness
with glycosidic bonds without destroying the monosaccharide
components. Moreover, TFA is itself volatile, so there are other
methods for neutralization, like evaporation, which minimizes
the interference in between the whole process.?’

PAPER AND THIN LAYER CHROMATOGRAPHY
OF HYDROLYSED EPS

The depolymerization of EPS by acid hydro-
lysis is the first step in composition study and for

and galactose as a main sugar backbone. Two spots in TLC sheet
had similar Rf values of 0.36 mm and 0.45 mm for glucose and
galactose, respectively. Developer aniline diphenyl amine, with
strong ortho-phsophoric acid, could affect results on paper and
TLC sheet. Paper showed poor results compared to TLC sheet,
as strong acid affected cellulose fibers of paper. Research has
been done with EPS produced by Enterobacter sp. ACD, and the
Paper Chromatography of the EPS acid hydrolysate identified
the monosaccharides galactose, glucose, fucose, and uronic
acid, with traces of fructose. 28

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

Chromatogram obtained by HPLC revealed that EPS of
Enterobacter cloacae VHP-34 was a hetero-polysaccharide of
glucose and galactose (Fig. 5). Glucose is the predominant sugar
composition showing the peak at retention time of 2.491 min
followed by galactose at 3.113min. As per covered area in
particular Retention time the weightage of glucose was higher
than galactose. This HPLC system was connected only with RI
detector and not with LC-MS system, so exact amount of sugar
contents were unknown. Similar results were published by Xiao
et al.,' where EPS of Enterobacter sakazakii was mainly
composed of L-Fucose, D-Glucose, and D-Galactose on the
basis of HPLC analysis.

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)
OF EXTRACTED EPS

FTIR (Fig. 6) results revealed that this EPS has broad stretch
at 3,361 cm "1, which showed presence of hydroxyl group (OH).
Weak stretch at 2,910cm™ was caused by the asymmetric
stretching vibration of the C—H bond in the alkyl group of the
polysaccharide chain structure. EPS of Enterobacter faecalis
MSI12 showed peaks at 2,926 and 2,962 cm™!, which represent
C-H stretch.?® Broad stretch at 1,650 cm™! confirmed the pres-
ence of C=0 group, indicating conjugated ketone. The strong
and sharp absorption peak at 1,017cm™' came from the

further chromatographic determination. The
number of spots on paper as well as thin layer
chromatogram, and their Rf value, were used as
basic criteria for the selection of optimal hydro-
lysis conditions. HCl is often considered too harsh
for hydrolysis and degrades the liberated mono-
saccharides. Paper and TLC chromatogram of
EPS, which was hydrolyzed with HCI, are shown
in Fig. 3. Spots of hydrolyzed EPS on paper as
well as TLC were wide, but not distinct and
trailing with variable Rf value from 0.20 to 0.44 in
the same solvent system.

Hydrolysis of EPS with 2M TFA at 100°C for
2h (Fig. 4) showed significant hydrolysis, with
thin spots and good separation observed. The re-
sults of hydrolysis showed that 2h of treatment

0 1 2 3 4 5 6 7 8 9 10
ull Scale 1942 cts Cursor: 0.000 ke

Spectrum 1

with 2M TFA at 100°C satisfactorily hydrolyzed
the EPS. As per comparison with standard sugars,

it was revealed that hydrolyzed EPS had glucose VHP-34
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Fig. 9. Full scale spectrum of elemental analysis of EPS of Enterobacter cloacae
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stretching vibration of C—O, which was also a characteristic
absorption peak of polysaccharides.

NUCLEAR MAGNETIC RESONANCE ANALYSIS OF EPS
Figure 7 shows an NMR spectrogram of EPS. 1H NMR
spectra of EPS indicated that the presence of anomeric protons
of o hexoses residue at 4.9 ppm and between 3.5 to 4 ppm. 4.09
has high field H while 3.88, 3.76, 3.60 and 3.52 have low field H.
The possible linkages of polysaccharide of Enterobacter cloa-

cae VHP-34 can be «-1, 6 linkage between glucose-galactose
(gluconopyranosyl and galctopyaronosyl) and o-1, 4 linkage
between glucose-glucose. EPS of Enterobacter Iludwigii
showed anomeric protons of hexoses in region of 5.5-4.4.3° On
the basis of 1 H NMR chemical shift, Fig. 8 shows proposed
structure of polymer of EPS have repeat units of glucose and
galactose. The chemical shift of 3.2 to 4.5 ppm corresponds to
the chemical movement of protons, indicating presence of sac-
charide cycle.?!

Fig. 10. Scanning Electron Microscope images of EPS of Enterobacter cloacae VHP-34
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SCANNING ELECTRON MICROSCOPY (SEM) AND ENERGY
DISPERSIVE X RAY SPECTROSCOPY (EDX) OF EPS

Figure 10 illustrated the structure of EPS produced by
Enterobacter cloacae VHP-34 by SEM. SEM analysis of the
EPS showed compact, porous, and irregular web-like struc-
ture.*? Researchers have also reported the porous nature of EPS.
EDX was also performed to study the elemental composition of

Table 2. EPS-Producing Marine Bacteria with Carbohydrate
Monomers

BACTERIA

Alteromonas sp.
JL2810

MONOMERS OF EPS

Galacturonic acid, mannose, rhamnose
and galactose

REFERENCE

36

Bacillus licheniformis

Glucose, galactose , mannose and
arabinose

Streptomyces
carpaticus No. 3

Galacturonic acid, glucose, xylose,
galactose, mannose, and fructose

37

Geobacillus
thermodenitrificans
ArzA-6

Galactose, arabinose,
Fructose and glucose

Shewanella
livingstonensis

Arabinose and xylose

38

Bacillus altitudinis
MSH2014

Mannuronic acid and glucose

Idiomarina
fontislapidosi F32

Glucose, mannose and galactose

39

Alteromonas
hispanica F23

Glucose, mannose and xylose

39

Salipiger mucosus A3

Fucose, galactose, glucose and
mannose

40

Pseudoalteromonas
sp. Strain SM20310

Xylose, mannose, glucose, galactose
and rhamnose

21

Paenibacillus
Spp.

Glucose, mannose, galactose and
glucuronic acid

Kosakonia sp. CCTCC
M2018092

L-fucose, d-glucose, d-galactose,
d-glucuronic acid

41

Halomonas
elongata S6

Glucose, rhamnose, mannose and
glucosamine

42

Halorubrum sp.

Mannose, glucosamine, galacturonic

43

TBZ112 acid, arabinose, and
Glucuronic acid
Klebsiella sp Glucose, fructose, galactose, fucose i

and uronic acid

Vibrio harveyi strain
VB23

Galactose, glucose, rhamnose, fucose,
ribose, arabinose, xylose and
Mannose

45

Pseudoalteromonas
sp. AM

Glucose
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EPS, which showed presence of different elements, such as C, H,
O, Na, Cl, P and S in EPS. Carbon and Hydrogen are building
blocks of EPS polymer. Nitrogen also has an important role as
protein source in EPS structure. Table I represents elemental
analysis of EPS by Energy dispersive X-ray spectroscopy.
Figure 9 represents graphical spectrums of elemental analysis.
EDX results showed the presence of highest amount of Carbon
(52.04%), which might serve as the major component of EPS.

Discussion

Table 2 represents various marine bacteria with their sugar
monomers in structure of EPS with comparison results of EPS of
Enterobacter cloacae VHP-34 . Nagraj et.al described that EPS
of Enterobacter sp. YG4 EPS was composed of 61.89% sugars
and 9.32% proteins.>* Another study on Enterobacter sp. sug-
gested that it was contained total carbohydrates and protein
content of 91.7% and 1.8% respectively.** An EPS of Ente-
robacter sakazakii was dissolved in 3mL of 2M TFA and
hydrolyzed at 110°C for 6h.!° For the analysis of the sugar
composition from EPS of Enterobacter A47, 5mg of purified
EPS was hydrolyzed with 0.1 mL TFA 99% at 120°C for 2h.%
Research on EPS from Enterobacter sp. suggested use of TFA
for hydrolysis. Certain amounts of polysaccharide was hydro-
lyzed at 100°C for different time interval at 1.5h, 5Sh and 10h
with 1 mL of 2M TFA in a sealed test tube.?®

Uronic acid was one of the main residues present in species of
Enterobacter with aldose, hexose and pentose sugar moieties.
Enterobacter cloacae VHP-34 have very small traces of uronic
acid. Another research on same bacterium, Enterobacter cloa-
cae 70206, produced acidic EPS with sugar monomers of
fucose, glucose, galactose, glucuronic acid and pyruvic acid.*!
EPS of Enterobacter sakazakii mainly has a glucose, galactose
and fucose backbone.!° A study of EPS of Enterobacter cloacae
70206 was made up of glucose, galactose, mannose and fucose.’
EPS of Enterobacter ludwigii was made up of repeating units
composed of galactose, glucose, fucose, glucuronic acid.>®

An EPS of strain Enterobacter cloacae P2B was made up of
arabinose, mannose, glucose, galactose and xylose.*® EPS of
Enterobacter strain A47 DSM 23139 was made up of a fucose
sugar backbone,** while EPS of marine Gram-positive bacte-
rium Bacillus licheniformis was made up of glucose, galactose,
mannose and arabinose.® EPS of Bacillus licheniformis 14580
was made up of galactose, fructose and glucose as the pre-
dominating sugar monomers. 47

Conclusion

Many analytical techniques were employed to detect physical
appearance of numerous functional groups as well as chemical
composition of EPS of Enterobacter cloacae VHP-34. Chemical
analysis revealed that EPS has acidic nature with negative
charge. Structural analysis revealed that it has repeating unit of
glucose and galactose as main sugar monomers, while SEM
microscopy proved that EPS of Enterobacter cloacae VHP-34
has a porous structure. EDX study suggested the presence of
higher amounts of carbon in the EPS structure.

EPS of Enterobacter cloacae VHP-34 can be used in heavy
metal bioremediation, particularly with biosorption mechanism
due to its negative charge. It leads to adsorption of positively
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charged heavy metal on the surface of EPS. Many therapeutic
applications could also be possible, including the use of EPS as
anti-inflammatory and anticoagulanting agents. It can also be
used as emulsifying agents in food industries. Finally, this EPS
is the product of gram-negative bacteria, so the antimicrobial
effects of EPS could be used against many pathogens.
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