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Abstract: Fermented foods containing probiotic Leuconostoc mesenteroides 201607 (LM) were used
to extract exopolysaccharides. An incomplete understanding exists regarding the immunomodu-
latory characteristics of exopolysaccharides (EPSs), which are important constituents of bacterial
biofilms. In this instance, we examined the immunomodulatory capacity of EPSs from fermented
food extracted from L. mesenteroides 201607. Partially purified exopolysaccharide from L. mesenteroides
201607 (PP-LMEPS) consists of glucose (57.1%), thamnose (29.53%), and galactose (13.36%). The
maximum EPS yield was attained after 30 h of incubation at 37 °C and an initial pH of 7.0. When
lipopolysaccharide-stimulated RAW264.7 was exposed to PP-LMEPS, the inflammatory cytokines
were considerably decreased or elevated dose-dependently. Upon the exposure of lipopolysaccharide-
stimulated RAW264.7 cells to PP-LMEPS, a dose-dependent modulation of inflammatory cytokines
was observed. This suggests that the extracted EPS possesses immunomodulatory characteristics, as
evidenced by a significant decrease or increase in inflammatory cytokine levels. However, further
research is warranted to fully elucidate the precise mechanisms and potential therapeutic implications
of the immunomodulatory properties of PP-LMEPS.

Keywords: Leuconostoc mesenteroides 201607; exopolysaccharides (EPS); structure; immunomodulatory
activity

1. Introduction

Complex sugar polymers known as exopolysaccharides (EPSs) are synthesized by mi-
croorganisms, such as bacteria, and are necessary for a number of biological and industrial
processes. Leuconostoc mesenteroides (L. mesenteroides) is a widely distributed lactic acid bacte-
ria (LAB) found in various fermented products, particularly in pickled cabbage, fermented
soybean and juice. This bacterium is known for its ability to produce exopolysaccharides
(EPSs) that are closely associated with human health. It is noteworthy that different bacteria
can generate diverse polysaccharides, and even within the same bacterial type, the pro-
duced polysaccharides may vary. Exopolysaccharide production is influenced by factors
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such as the strain of L. mesenteroides, growth conditions (e.g., temperature, pH, and carbon
source), and the presence of specific substrates [1].

The production of exopolysaccharides involves the enzymatic synthesis of sugar poly-
mers, which are then released into the extracellular environment. Polysaccharide structure
can vary in terms of sugar composition, linkage type, molecular weight, and overall archi-
tecture [2]. Exopolysaccharides produced by L. mesenteroides are heteropolysaccharides,
meaning they are composed of multiple types of sugar residues. Common sugar residues
found in these polysaccharides include glucan, dextran, and mannose [3]. The specific
composition and arrangement of these sugar residues determine their unique properties,
influencing their solubility, rtheological properties, and interactions with other molecules.

Research by Osman Taylan [4] identified a strain of Leuconostoc mesenteroides, namely
581, which produces (3-(2—6)-linked fructan EPS. The EPS produced by this strain demon-
strated immunomodulatory potential by inducing the production of interleukin-4 (IL-4),
indicating its capacity to modulate the immune system. In another study led by Lei Pan [5],
the EPS known as XG5 from Leuconostoc pseudomesenteroides XG5 was identified. This
EPS, characterized by a linear dextran structure through 1,6 glycosidic bonds, was found
to modify the gut microbiota structure in mice. These findings highlight the diverse im-
munomodulatory properties of EPS produced by Leuconostoc strains. Considering the
significance of EPSs produced by L. mesenteroides for human health, it is crucial to explore
strains that can produce these beneficial polysaccharides. Despite this, limited research has
been conducted on the polysaccharides produced by Leuconostoc in such fermented foods,
especially those with immunomodulatory properties.

Moreover, EPSs have potential applications in pharmaceuticals, cosmetics, and biotech-
nology. They can be utilized as encapsulation agents, stabilizers for drug delivery systems,
and components in wound healing products [6]. Studies suggest that there are potential
health benefits associated with the consumption of probiotic L. mesenteroides exopolysaccha-
rides. These benefits may include prebiotic effects [7], the modulation of gut microbiota [7],
immunomodulatory properties [8], and cholesterol-lowering effects. The prebiotic effect
involves promoting the growth of beneficial gut bacteria, which can contribute to improved
gut health and overall well-being [8].

Exopolysaccharides formed by probiotic L. mesenteroides have gained significant focus
as a result of their potential immunomodulatory and anticancer properties. Immunomod-
ulation involves the regulation of the immune system, enhancing its response against
pathogens or diseases [9]. In this context, we will 1l delve into the immunomodulatory
properties of exopolysaccharides from probiotic L. mesenteroides (LMEPS). It has been
demonstrated that LMEPS activates immunological cells, such as dendritic and macrophage
cells. These immune cells are essential for both developing and controlling the body’s
defenses against external stimuli. LMEPS can enhance phagocytic activity, cytokine pro-
duction, and the antigen-presenting abilities of these cells. LMEPS may influence the
production of various cytokines, and it plays a crucial in communication between immune
cells and is essential for controlling immunological responses [10]. According to recent stud-
ies, L. mesenteroides exopolysaccharides (LMEPSs) have anti-inflammatory attributes that
inhibit the synthesis of pro-inflammatory mediators that promote inflammation [11]. This
can help manage inflammatory conditions and reduce inflammation-related tissue damage.
The immunomodulatory properties of these exopolysaccharides can strengthen the immune
system’s capacity [12]. The stimulation of immune responses makes these EPSs attractive
candidates for further research and potential therapeutic applications [3]. However, it
is crucial to remember that additional in-depth investigation is required to completely
comprehend and validate the immunomodulatory potential of this exopolysaccharide,
including in vivo investigations and clinical trials.

Some prior studies have investigated the functional properties of the exopolysaccha-
rides (EPSs) produced by L. mesenteroides [3,7,13-22]. Nonetheless, little research has been
carried out on the structural features and immunostimulatory potential of the extracel-
lular polymer that L. mesenteroides (201607) produces [23]. L. mesenteroides (201607), an
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EPS-producing strain, is used in this investigation. Moreover, various analytical techniques,
including Fourier transform—infrared spectroscopy (FI-IR), high-performance liquid chro-
matography (HPLC), and nuclear magnetic resonance spectroscopy (NMR), were employed
for the examination of the structural characteristics of EPSs derived from L. mesenteroides
(201607). Following this, the in vitro immunomodulatory potential of (LMEPS) was as-
sessed using RAW264.7 macrophages, and its impact on cell viability and cytokine produc-
tion was investigated.

2. Materials and Methods
2.1. Isolation and Partial Purification of EPS (PP-LMEPS)

A modified MRS broth was utilized in the procedure (PP-LMEPS was produced by
adding 20 g/L of sucrose instead of glucose). The cells were grown in stationary culture for
30 h at 37 °C after adding 10% inoculum. To inactivate the enzymes that break down EPS,
the fermented broth was held for 20 min at 4 °C and subjected to 10,000 rpm centrifugation.
It was subsequently heated at 100 °C in a water bath for 20 min. Protein precipitation was
achieved by treating the cell-free supernatant from the prior step with 7% trichloroacetic
acid. The protein-free supernatant was collected after centrifugation. Following this,
twice as much ice-cold ethanol was added. The precipitated EPS was extracted using
centrifugation after being refined and freeze-dried to a constant dry weight, and this raw
EPS formulation was represented as g/L [24].

2.2. Exopolysaccharide Characterization
2.2.1. Determination of the Monosaccharide Composition

The identification of monosaccharides from 10 mg of (PP-LMEPS) involved a series of
steps using a HPLC technique with UV detection (Agilent Technologies, Santa Clara, CA,
USA, Model No: 1100), as outlined in [25]. Initially, the (PP-LMEPS) sample was subjected
to hydrolysis for 6 h at 110 °C in the presence of 2 M trifluoroacetic acid (TFA) using 8 mL of
TFA. Afterwards, 240 pL of 0.3 M NaOH was introduced to 200 pL of the hydrolyzed EPS
or a standard monosaccharide mixture. Following this, the mixture was incubated at 70 °C
for two hours with 240 uL of a 0.5 M solution of 1-phenyl-3-methyl-5-pyrazolone (PMP)
in methanol, followed by a brief 10-s vortexing. The solution was then allowed to cool to
room temperature and neutralized to achieve a balanced pH with 240 uL of 0.3 M HCI.
Subsequently, another 240 uL of 0.3 M NaOH was added to 200 uL of the hydrolyzed EPS
or the standard monosaccharide mixture, then 240 pL of a 0.5 M PMP solution in methanol,
which was added and vortexed for 10 s. The mixture was once again incubated at 70 °C for
two hours. The pH was neutralized by adding 240 uL of 0.3 M HCI after the solution had
reached room temperature.

2.2.2. Structural Characterization of (PP-LMEPS)
Fourier Transform Infrared Spectroscopy (FTIR) Analysis

Using German-made Bruker Tensor 27 equipment (Bruker, Borken, Germany), FT-IR
spectroscopy was used to examine the functional groups in PP-LMEPS in greater detail.
One milligram of dry PP-LMEPS powder was mixed with one hundred milligrams of
potassium bromide (KBr), and the mixture was then packed into a metal mold. The
generated composite was then subjected to FT-IR spectra recording throughout a frequency
range of 400 to 4000 cm ™!, with a spectral resolution of 1 cm ™! [26].

Nuclear Magnetic Resonance (NMR) Spectroscopy Analysis

After dissolving dry 60 mg PP-LMEPS in D, 0, it underwent three cycles of lyophiliza-
tion. Following these preparatory steps, the resulting material was diluted in D,O to
facilitate its analysis through NMR (nuclear magnetic resonance). The 'H and *C NMR
spectra were then recorded using a 600 MHz spectrometer [24].
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2.3. Functional Properties of PP-LMEPS
2.3.1. Antioxidant and Antimicrobial Assay of PP-LMEPS

The inhibitory potential of PP-LMEPS on 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) was investigated using the
aforementioned formula [27]. Antimicrobial activity against food-borne pathogens was
investigated through the use of a disc diffusion assay [28]. Each pathogenic bacteria was
grown for 18 h at 37 °C in TSB (Difco Laboratories Inc., Detroit, MI, USA). An amount
of 100 pL of the pathogens was added to Muller-Hinton agar plates. After solidification,
a 7 mm diameter disc was filled with 30 pL positive control (Ciprofloxacin (20 ng/mL)),
100 pL negative control, and PP-LMEPS. The inhibition zone was measured after 24 h of
incubation. The absorbance of the solution was measured at 517 nm for the DPPH assay
and 734 nm for the ABTS assay. Trolox was then used to make the standard curve. The
scavenging activity was calculated using the following formula:

% inhibition = [(absorbance ontro) — absorbancegample) /absorbancecontrol] X 100

2.3.2. Immunomodulatory Activity of PP-LMEPS
Cell Culture

Dulbecco’s Modified Eagle Medium (DMEM) was enriched with 10% fetal bovine
serum (FBS) and 1% penicillin—streptomycin to support the proliferation of RAW264.7.
The RAW 264.7 cell lines (third passage) were purchased from the American Type Culture
Collection (ATCC® TIB-71™) and from Sigma-Aldrich. The cells were cultured in DMEM
high-glucose medium supplemented with 10% FBS (all the experiments were performed
using the same FBS batch) and 1% penicillin/streptomycin in an atmosphere of 5% CO; and
95% humidity at 37 °C. The cells were passaged after reaching 90% confluence, detached
with a cell scraper and sub-cultivated at a 1:6 ratio in T-75 flasks. All cell culture equipment
(flasks, pipettes, etc.) used in this study were from the same batch. The cells were cultured
continuously from the third passage until passage no. 50. The cells were frozen every fifth
passage, starting from passage number three. Before phenotype and functional analysis,
the cells were thawed and cultured for the next two passages (e.g., cells of passage number
three were thawed and cultured until passage no. 5 and then subjected to further analyses).

Cells Viability Assay

Using the EZ-cytox test, the sample extract’s cytotoxicity of RAW264.7 was assessed [27].
Living cells have the functioning WST chemical in their respiratory chain of mitochondria.
In this study, 4 x 10* cells were loaded onto a 96-well microplate. The cells were rinsed
with PBS following a 24 h incubation period. Then, each well received 100 uL of growth
media with different concentrations of sample extract (range from 100 to 400 mg/mL). The
control group received only medium instead of any sample extract. Every sample was
treated with 10 puL of the WST-1 solution after being kept at 37 °C and 5% CO, for a full
day. Cell viability was measured using the previously described formula [27].

IL-6 Assay

Inhibiting the growth of infections and stopping the spread of cancer cells are two
functions of cytokines, indicating the activation of macrophage cells [27]. Six-well plates
were used to culture the cells (5 x 10° cells/well). The cells were supplemented with
200 pL of PP-LMEPS at different doses based on the viability assay and 1600 pL fresh
medium in place of the prior medium. After adding the extract or chemical, 200 uL of
Lipopolysaccharide phenol extracted from Escherichia coli 0111:B4 (1 ug/mL) (L2630, Sigma-
Aldrich, St. Louis, MO, USA) was added to each well, approximately 1-2 h later. The
cells were centrifuged (2000 x g for 10 min) following incubation. The amount of IL-6 was
determined using ELISA kits ( Human IL-6 ELISA kit, RABO306, Sigma-Aldrich, St. Louis,
MO, USA).
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2.4. Statistical Analysis

Graph Pad Prism (8.0, GraphPad Software, La Jolla, CA, USA) was used for the
collection and analysis of the investigational data. ANOVA one-way variance and Tukey
and Duncan tests were used to assess the significance of the differences between the
alphabets (a—d) in the superscript (p < 0.05).

3. Results and Discussion
3.1. LMEPS Production and Its Characterization
3.1.1. Partial Purification of EPS (PP-LMEPS)

L. mesenteroides (201607) provided the EPS, which was isolated and purified. With a
viable count of 9.1 log10 CFU/mL and an inoculum of 10%, the highest yield of EPS was
achieved after 30 h of incubation. After 30 h, the highest concentration of EPS obtained was
0.470 (g/L). (Figure 1). Nevertheless, the amount of EPS fell since the growth persisted for
more than 30 h. As a result, the current finding demonstrated a substantial relationship
between bacterial growth and EPS generation. An exopolysaccharide (EPS)-producing
strain, SN-8, isolated from Dajiang, was identified as Leuconostoc mesenteroides [3]. Thus,
we have shown that the LAB strains and the length of the fermentation process affect the
EPS yield.

0.5- € s

f s EE 12h
?Emo.4— ZIN = 24 h
> = 30h
3 0.3-
> I 36 h
i 0.2 48 h
S
- Y 72 h
o
o

1% Inoculum 10% Inoculum

Figure 1. EPS production using different inoculum sizes and incubation times: 1% and 10% inoculum
was used for EPS production with different incubation times, like 12, 24, 30, 36, 48, and 72 h. The
Tukey and Duncan tests were 192 used to assess the significance of the differences between the
alphabets (a—f) in superscript (p < 0.05).

3.1.2. Monosaccharide Composition Analysis

The monosaccharide content of PP-LMEPS was examined by means of HPLC. Every
peak was located individually and assessed using the regular peak. Three peaks were
found in the HPLC analysis: glucose, thamnose, and galactose in PP-LMEPS, making
it a heteropolysaccharide (Figure 2). There was less variation in the monosaccharide
content of the polysaccharides discovered in PP-LMEPS compared to previous research
findings. Monosaccharides from L. mesenteroides, such as glucose and fructose, have been
described [8]. On the other hand, further research revealed that the polysaccharides found
in L. mesenteroides were made up of mannose, arabinose, galactose, glucose, and fucose [11].
Monosaccharides like mannose, glucose, and galactose are frequently discovered when
polysaccharides are separated from bacteria [29]. Since our separated EPS are made up of
several types of monosaccharides, they can be thought of as HePSs [30]. The medium’s
composition, pH, temperature, and length of incubation are just a few of the variables that
can affect the yields and molecular functions of HePSs [31].
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(a) PP-LMEPS (b) Glucose(2.5 mg/mL)
¢) Galactose (2.5 mg/mL d) Rhamnose (2.5 mg/mL
8 &

Figure 2. Monosaccharide composition of PP-LMEPS (a) via HPLC analysis. Monosaccharide
derivatives were analyzed using Agilent 1000 series HPLC (Agilent Technologies, Model No. 1100);
(b) glucose standard; (c) galactose standard; (d) rhamnose standard.

3.1.3. Structural Characterization
FT-IR Spectrum Analysis

FT-IR analysis was used to look at the functional group in the PP-LMEPS based on
specific frequencies (Figure 3). The broad peak of absorption at 3394.56 cm ! was attributed
to the polysaccharide hydroxyl groups (O-H); the spectra that appeared between 1000 and
1200 cm~! indicate the presence of a pyranose form of sugars. This is the polysaccharide’s
typical IR absorption spectrum [32]. The bending vibration peak of the O-H band is thought
to be near 1456.25. Peaks at 1204.83 cm ! and 1039.63 cm ! are related to C-O-C and C-O-H
bond stretching, a polysaccharide property. Comparable outcomes were reported by [33]
and [34]. These peaks revealed the presence of the monosaccharides galactose and glucose
as well as glycosidic linkage. Studies have shown that glucans exhibit an IR spectrum
between 1000 and 1500 cm ! [35]. The FTIR spectra of the unique absorption peaks of
glucose residues found in EPS suggested that the glucose in these EPS contained glycosidic
linkages between glycosyl groups as well as OH and C-O groups.

90

1456.25 ™\

80

3394.56 |

70

1039.63

60
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1204.83
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4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm)

Figure 3. Fourier-transformed infrared (FT-IR) spectrum of PP-LMEPS (10 mg/mL) produced by
L. mesenteroides.
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NMR Spectral Analysis

The NMR spectrum analysis of PP-LMEPS is displayed in Figure 4. These were the
assignments made to the 'H, 13C, and NMR spectra. In the 600 MHz 'H NMR spectrum,
three distinct chemical shift signals from anomeric protons (H-1) were detected at 55.29,
55.14, and (3 4.68 ppm. (Figure 4a). The residual D,O signal in the EPS was detected
at 64.800 ppm in the anomeric portion of the spectrum. According to this spectrum,
the PP-LMEPS was found to have three residues: A-x-D-glucose, B-x-L-rhamnose, and
C-B-D-galactose. Reagents A and B were found to have a-configurations based on their
b and ] values for the anomeric signals in the 1 H NMR spectrum, while residue C was
found to have -configurations. The molar ratios for residues A, B, and C were estimated
using the ratios of the peak area from the integration of the H-1 signals; the results were in
agreement with the monosaccharide composition and came out to be around 1.77:1.36:3.37.
The 13C NMR spectra (Figure 4b) revealed that the three residues” C-1 signals could be
found at o 96.43 and 92.25, « 93.95, and 3 95.87 ppm, in that order. Previous research
has discovered a similar structure for the exopolysaccharide from L. casei LC2W [36]. The
morphological characteristics of polysaccharides can generally be used to modify their
bioactivities. For instance, different polysaccharides identified in earlier research are said
to have different immunomodulatory activities. This can be because polysaccharides differ
in their shape [3]. We still need to determine the precise relationship between morphology
and bioactivity. Food packaging and cosmetics manufacturing can benefit from the usage
of porous structures, although particular surface characteristics are anticipated to enhance
their capacity in terms of retaining water [37].

...........................................................................................

53 5.2 51 50 49 48 a7 46 ppm 101 10 9 98 97 9 9 9 83 %2 91 90 ppm

Figure 4. NMR spectra of PP-LMEPS: (a) region from 1D H spectrum; (b) region from 1D 13¢ spectrum.
A-x-D-glucose, B-a-L-thamnose, C-p-D-galactose and D-D,0O. Red color numbers corresponding to
ratio of monosaccharides.

3.2. Functional Properties of PP-LMEPS
3.2.1. In vitro Antioxidant Analysis
DPPH Radical Scavenging Activity

To assess the ability of different natural chemicals to neutralize free radicals, find the
DPPH free radical scavenging rate [38]. PP-LMEPS had significant radical scavenging action
at dosages between 0.0625 and 1 mg/mL, reaching up to 52.43%. (Figure 5a). Nevertheless,
at every concentration tested in the study, its scavenging activity was clearly less effective
than Trolox’s. According to [38], the scavenging ability of DPPH radicals was measured
at 4 mg/mL, while EPS-LR exhibited a 78.7% scavenging ability, which was marginally
better than our outcomes. These findings suggested that the functional characteristics
varied depending on the strain. Free radical exposure can lead to oxidative stress-related
cell damage, which can cause a variety of diseases. As an illustration, the EPS obtained
from Weissella cibaria showed a 34% DPPH scavenging activity [34]. Compared to the EPS
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isolated from the current experiment, L. plantarum YW32’s DPPH scavenging activity was
shown to be 30% [39].
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Figure 5. (a) Scavenging effect of PP-LMEPS on DPPH, ABTS radicals and compared with that
of Trolox; (b) antibacterial activities of EPS compared with that of ampicillin. EPS = EPS from
L. mesenteroides; Tx = Trolox; Positive control = ampicillin. The Tukey and Duncan tests were used to
assess the significance of the differences between the alphabets (a—d) in superscript (p < 0.05).

ABTS Radical Scavenging Activity

The ABTS discoloration method is commonly used to estimate the capacity of lipophilic
and hydrophilic antioxidants to scavenge free radicals [40]. The scavenging ability of PP-
LMEPS against ABTS radicals in comparison with Trolox was assessed. At all of the
tested concentrations (0.0625-1 mg/mL), PP-LMEPS scavenges the ABTS radicals, with the
greatest activity of 44.58% (Figure 5a). There has been news of another study. While the
EPS obtained from Weissella cibaria exhibited 90% [34] ABTS scavenging activity, the present
investigation indicated less than in earlier studies. Chinese cabbage isolate W. cibaria
YB-1 exhibits 82.20 £ 1.8% ABTS scavenging activity [41]. When compared to previously
published EPS, the difference in carbohydrate and chemical compositions was responsible
for SY003 EPS’s increased activity [41].

3.2.2. Antimicrobial Activity of PP-LMEPS

Another crucial function of EPS is its antibacterial action, which keeps disease-causing
bacteria out of the intestine or inhibits them. The results of the disc diffusion method
(Figure 5b) showed that the PP-LMEPS samples showed suppression of the foodborne
pathogens that had been detected. Thus, with the exception of B. cereus ATCC 10987,
which is resistant to PP-LMEPS, S. enteritidis ATCC 13076 (11 mm), S. aureus ATCC 13565
(11.5 mm), and E. coli O157:H7 ATCC® 43895 (8.5 mm) all showed growth suppression
related to PP-LMEPS. The previous reports showed the antibacterial activity of EPS against
food-borne pathogens [42—44]. EPS from microbes has been shown to have strong antimi-
crobial action against a variety of pathogens in vitro. A wide range of putative antibacterial
mechanisms have also been put forth, including the ability to stop cell division, rupture the
cytoplasmic membrane and cell wall, and degrade DNA [43].
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3.2.3. Effect of PP-LMEPS on Cell Viability against RAW 264.7

Various sources of polysaccharides have significant biological effects, including im-
munostimulatory effects. RAW264.7 cells are frequently utilized in immunological studies
of polysaccharides by enhancing cell proliferation, phagocytic capacity, NO generation,
and cytokine secretion. RAW264.7 cell viability serves as a marker of the onset of cyto-
toxicity and immunological activation [45]. The EZ-cytox test in this investigation was
used to identify PP-LMEPS-induced activation of RAW264.7 macrophages. The impact
of PP-LMEPS on RAW264.7 cell survival was nontoxic to the cells at the measured con-
centrations (1-3 mg/mlL), as Figure 6a illustrates. RAW264.7 cell survival decreased as
PP-EPS concentrations rose from 1 to 3 mg/mL, but the numbers continued to be higher
than the blank control (p < 0.05). The MTT results demonstrated that the PP-LMEPS treat-
ment significantly increased the proliferation of RAW264.7 cells, indicating that PP-LMEPS
stimulated the cells. Similarly, RAW264.7 cells were shown to be unaffected by the R-5-EPS
derived from L. helveticus LZ-R-5 at doses ranging from 50 to 400 [33]. Because natural
polysaccharides are more biodegradable and less toxic than synthetic polymers, interest in
the potential of EPSs for immunostimulatory therapy has quickly increased. Numerous
microbial EPSs with new functional characteristics have been discovered recently [46]. The
EPSs can interact with micro- and macro-organisms more readily thanks to the surface
localization. Furthermore, a range of polysaccharides derived from natural sources are
recognized as powerful biological response modifiers with minimal toxicity and are used
as safe and efficient adjuvants in immunizations against diseases and cancer [47].

150 b 100- 200+
= E& Control em Control EA Control
- - =1 LPS (1 pg/ml) 80+ 5 LPS (1 pg/ml) 150- =8 LPS (1 pg/ml)
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Figure 6. (a) Effect of PP-LMEPS on the viability of RAW 264.7; (b) effect of PP-LMEPS on the
production of IL-6; (c) effect of PP-LMEPS on the production of IL-10. The Tukey and Duncan tests
were used to assess the significance of the differences between the alphabets (a-d) in superscript
(p <0.05).

3.2.4. Effect of PP-LMEPS on Immunomodulatory Cytokine Analysis

An important function of macrophages is to mediate the inflammatory response. Bac-
terial lipopolysaccharides cause macrophages to release a variety of cytokines, nitrogen
growth factors, and reactive oxygen (LPS). The cytokines that are released by activated
macrophages are employed to kill infections and stop the growth of cancer cells. Im-
mune responses depend on the release of TNF-«, IL-6, IL-1, and IL-10 by stimulated
macrophages [48]. To examine the immunomodulatory effects of the material, PP-LMEPS
(I mg/mL, 2 mg/mL and 3 mg/mL) was administered to stimulate murine macrophage
RAW?264.7 cells. ELISA kits were then used to quantify the amounts of IL-6 and IL-10 in
the culture supernatants (Figure 6b,c). The amount of pro-inflammatory cytokine IL-6 in
RAW264.7 cells was higher than in cells that were not treated. When cells were grown with
LPS (1 ng/mL) alone, their IL-6 levels were significantly lower (79.5 £ 0.7 pg/mL). The IL-6
levels in LPS-stimulated RAW264.7 macrophages treated with PP-LMEPS were reduced
in a dose-dependent manner in comparison to levels produced merely via LPS. When
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comparing cultures treated with 3 mg/mL PP-LMEPS to LPS-stimulated cells, IL-6 levels
were much lower, with cytokine concentrations of 48.5 & 2.12 pg/mL. When RAW264.7
cells were grown with LPS (1 pg/mL) alone, the anti-inflammatory cytokine IL-10 was
measured as being 123 + 2.82 pg/mL. However, when PP-EPS was added at a dosage of
3 mg/mL, IL-10 levels increased dramatically to 147.5 &+ 3.5 pg/mL as compared to LPS
treatment alone. The anti-inflammatory qualities of L. mesenteroides strains isolated from
kimchi have been studied in the past [11]. In mice fed a high-fat diet, Kang et al. [49] found
that L. mesenteroides strain B-512FMCM'’s sucrose-derived oligosaccharides, produced via
dextransucrase, and had anti-inflammatory characteristics [12,50]. According to recent re-
search, LAB EPSs may exert their anti-inflammatory effects via upregulating TLR negative
regulators, specifically by modulating TLR-4 [50].

4. Conclusions

The extraction of Exopolysaccharides (EPS) from probiotic L. mesenteroides (201607) has
revealed a multifaceted potential, encompassing antimicrobial and immunomodulatory
activities. In conclusion, the study on L. mesenteroides (201607) and its EPS, specifically
PP-LMEPS, revealed promising characteristics and potential applications. The efficient
isolation and purification of EPS resulted in a high yield after 30 h of incubation. HPLC
analysis identified the presence of glucose, rhamnose, and galactose, classifying PP-LMEPS
as a heteropolysaccharide. The DPPH and ABTS assays demonstrated significant free
radical scavenging activity, though slightly less effective than the standard antioxidant
Trolox. Moreover, PP-LMEPS exhibited inhibitory effects against common foodborne
pathogens, showcasing its potential as a natural antimicrobial agent. In the evaluation of
its impact on macrophages, PP-LMEPS demonstrated non-toxicity at tested concentrations
and displayed anti-inflammatory properties by reducing IL-6 levels while enhancing the
production of the anti-inflammatory cytokine IL-10. These findings suggest that PP-LMEPS
holds promise for various applications, including as an antioxidant and antimicrobial
agent, as well as a potential immunomodulator. Further research and exploration of its
applications in various industries may unveil additional benefits and contribute to the
development of novel bioactive compounds.
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