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Abstract: Red ginseng has powerful potential for use as a prebiotic, but its use is limited due to its
antibacterial activity. The aim of this study is to present panax ginseng’s endophytic lactic acid bac-
teria capable to overcome the antibacterial activity of red ginseng and improve their characteristic.
Lactobacillus paracasei HY7017 (HY7017) was cultured in a medium supplemented with red ginseng.
The probiotic properties and immune-enhancing effects of HY7017 were investigated in vitro and
in vivo. HY7017 was proliferated strongly in RGE and had significantly improved properties com-
pared with an L. paracasei type strain ATCC25302. HY7017 cultured in RGE-supplemented medium
increased the production of nitric oxide, TNF-a, and IL-6 in macrophages, and increased IL-12 and
IFN-vy secretion in splenocytes. Furthermore, HY7017 restored WBC counts, increased the amount
of IL-2 and IFN-y released, and enhanced the cytotoxicity of natural killer cells when orally admin-
istered to immunosuppressed mice. Moreover, HY7017 has properties that make it suitable as a
probiotic, such as stability in the gastrointestinal tract and adhesion to Caco-2 cells. This study
showed that HY7017 cultured with RGE may contribute to the development of probiotics to enhance
immunity.
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1. Introduction

Red ginseng, which is the steamed root of ginseng that has been dried, is widely used
as a therapeutic dietary herb for its medicinal anti-inflammatory, anti-cancer, and anti-
diabetic effects [1-4]. Ginsenosides are a major component of red ginseng that exhibit
pharmacological properties. These are converted to less polar and more bioavailable
forms during the heating process involved in red ginseng production; Rh2 and Rg3 are
examples of ginsenosides that are found only in red ginseng [5-7]. Ginseng also contains
various constituents such as polysaccharides, peptides, fatty acids, and polyacetylenes
[8,9]. Therefore, investigating the use of red ginseng as a culture medium for microorgan-
isms is an active area of research.

Probiotics are defined as live microorganisms that have health benefits to the host
when administered in adequate amounts. As well as providing the general benefit of fa-
vorably regulating gut microbial composition, probiotics can create a healthy gastrointes-
tinal tract and immune system [10]. There is increasing interest in the health promoting
function of foods [11]. Furthermore, among probiotics, lactic acid bacteria (LAB) and
bifidobacteria are safe and widely used [12]. But the low viability and stability of probiot-
ics mean that developing formulas in media other than dairy products is a challenge [13].
In addition, probiotics need to survive in sufficient numbers through the gastrointestinal
tract and adhere to and colonize the gut to be beneficial to the host [14-16]. Therefore, the
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ability to survive acidic and bile conditions and colonize the intestinal mucosa are essen-
tial criteria for probiotic selection. The ability to meet these criteria, using appropriate
technology, must be determined during the production of probiotics.

In this study, we present a novel strain with enhanced beneficial effects of probiotics
through the physiologically active components of red ginseng. We showed that supple-
menting Lactobacillus paracasei HY7017 culture medium with 3% RGE improved the effi-
ciency of the culture process, such as increasing bacterial numbers and the number of cells
harvested. In addition, HY7017 cultured in media supplemented with RGE increased ni-
tric oxide (NO) inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), tumor
necrosis factor-a (TNF-a), and interleukin-6 (IL-6) production in RAW 264.7 cells, and
increased interferon-y (IFN-y) secretion from splenocytes. Furthermore, HY7017 en-
hanced the proliferation of splenocytes, restored white blood cell (WBC) levels, and in-
creased secretion of interleukin-2 (IL-2), IFN-y, and the cytotoxicity of natural killer (NK)
cells when orally administered to immunosuppressed mice. Finally, supplementation
with 3% RGE enhanced the probiotic properties of HY7017, such as gastrointestinal tract
(GIT) tolerance and adhesion to Caco-2 cells.

2. Materials and Methods
2.1. Characterization of HY7017
2.1.1. Isolation and Identification of Endophytic LAB Strains

Ginseng (Panax ginseng C.A. Meyer.) roots were obtained at Punggi-eup field, Korea.
Ginseng was stored at 4 °C, and endophytes were isolated within 24 h. The isolation of
endophytic LABs from ginseng roots was performed using the previous method [17].
Briefly, the ginseng was thoroughly washed, cleaned of soil, and then the root surface was
sterilized in 70% (v/v) ethanol for 1 min and was disinfected with 1% sodium hypochlorite
for 10 min. The epidermis of the ginseng root was removed with a sterile razor blade. The
sample was pulverized with a grinder to obtain 10 g and then diluted with 90 mL sterile
water. Next, the sample was serially diluted in 9 mL sterile diluent and smeared on de
Man, Rogosa, and Sharpe (MRS; BD Biosciences, Franklin Lakes, NJ, USA) agar for 24-48
h. After colonies that formed on the plate were separated, they were inoculated into 2 Brix
RGE mixed with 5 Brix red ginseng extract and M9 minimal medium and incubated at 37
°C for 48 h. After incubation, OD600 values were measured with a microplate reader (Bi-
oTek, Winooski, VT, USA) at 24 and 48 h. The colonies that produced the greatest increase
in OD value were selected and re-blotted on a 2 Brix red ginseng agar plate; this strain
was used for subsequent experiments. The strain was identified through 165 rRNA se-
quencing (Macrogen, Inc., Seoul, Korea) performed using universal rRNA gene primers
(27F and 1492R). 165 rRN A sequencing results were compared with the Genbank database
through the Basic Local Alignment Search Tool (BLAST) of the National Center for Bio-
technology Institute (NCBI). The sequenced strain was named L. paracasei HY7017 and
was deposited in Korea Collection for Type Cultures (KCTC, Jeongeup-si, Jeollabuk-do,
Korea) with accession number KCTC14616BP. L. paracasei type strain ATCC25302 was
purchased from the American Type Culture Collection (ATCC, Rockville, MD, USA).

2.1.2. Measurement of the Bacterial Number in Medium Supplemented with RGE during
the Fermentation Process

To investigate the effect of RGE on the growth of microorganisms, 10 mL MRS broth
was prepared containing either 1%, 3%, 5%, or 10% RGE. Activated L. paracasei strains
were inoculated with 1% (v/v) of each medium by serial passage twice in each medium,
followed by anaerobic incubation at 37 °C for 24 h. To measure the number of LAB in each
prepared medium, the collected sample was diluted according to the decimal dilution
method using sterile physiological saline, and then cultured at 37 °C in an agar medium
for plate measurement containing bromocresol purple (BCP; Eiken Chemical, Tokyo, Ja-
pan). The resulting colonies were then measured.
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To investigate the effect of 3% RGE on the fermentation process in mass culture using
a fermenter, MRS medium containing 3% RGE was prepared. The 2 L MRS was inoculated
with 1% (v/v) of the L. paracasei strains pre-cultured in medium containing 3% RGE and
then fermented. The cells were harvested by centrifugation for 20 min to remove the cul-
ture solution; the final volume of harvested cells was 100 mL. The harvested cells were
homogenized; a freeze-drying protective agent was added; the cells were frozen at —40 °C;
and then the cells were dried in a freeze dryer. The dried cells were pulverized and pow-
dered. The culture solution, concentrated solution, and powder were each diluted in ster-
ile physiological saline, spread on BCP medium, cultured at 35 °C for 48 h, and then the
number of viable cells was measured.

2.1.3. HPLC Measurement of Ginsenosides in HY7017

To fractionate HY7017, a cellular fractionation process was performed. Briefly,
HY7017 were washed three times to completely remove the culture medium. After cen-
trifugation, the HY7017 pellet was diluted in 1 mL phosphate-buffered saline (PBS; Sigma-
Aldrich, St. Louis, MO, USA) and then transferred to lysing matrix b (MP biomedicals,
Irvine, CA, USA), disrupted with a FastPrep-24 Classic (MP biomedicals). Then the lysate
was transferred to an EP tube (Eppendorf, Hamburg, Germany) and centrifugation at
13,200 rpm for 5 min. the supernatant was referred cytosol fraction and the pellet was
referred membrane fraction. The supernatant and pellet were collected through the cellu-
lar fractionation process and were transferred to an LC vial. The ginsenoside standards
Rb1 and 20(S, R)-Rg3 were purchased from Sigma-Aldrich. The contents of the ginseno-
sides Rbl and Rg3 were determined using an Agilent Technologies 1260 High-Perfor-
mance Liquid Chromatography (HPLC) system coupled to a C18 column (250 x 4.5 mm,
6.0 um, Supelco®, St. Louis, MO, USA). The mobile phase consisted of water (solvent A,
85%) and acetonitrile (solvent B, 15%) at 45 °C at a flow rate of 1.6 mL/min.

2.2. Assay for Immune Activity
2.2.1. Analysis of NO Production on RAW 264.7 Cells

The murine macrophage cell line RAW 264.7 was obtained from the Korean Cell Line
Bank (KCLB 40071). Cells were cultured in Dulbecco’s modified Eagle’s medium (DMEM,;
Gibco, Waltham, MA, USA) containing 10% (v/v) fetal bovine serum (FBS; Gibco) and 1%
(v/v) penicillin-streptomycin solution (Hyclone, Logan, UT, USA). The amount of nitrous
oxide in the cell culture medium was determined using the previous method [18]. RAW
264.7 cells (2 x 105 cells/well) were plated in 96-well cell culture plates and incubated with
1 pg/mL lipopolysaccharide (LPS) and LAB strains (10° CFU/well) for 24 h. After incuba-
tion, 100 L cell culture medium was added to the same amount of Griess reagent (Sigma-
Aldrich). The absorbance of the sample was measured at 540 nm using a microplate
reader. NO production was calculated relative to sodium nitrate as a standard.

2.2.2. Quantitative Reverse-Transcription Polymerase Chain Reaction Analysis

RNA was isolated from cells using the TRIzol reagent (Invitrogen, Carlsbad, CA,
USA). cDNA was synthesized from 2 ug RNA on a thermal cycler (Bio-Rad, Hercules, CA,
USA) using Maxime RT PreMix (iNtRON Biotechnology, Seongnam, Korea); the reaction
ran for 60 min. The cDNA was analyzed by qPCR (Applied Biosystems, Carlsbad, CA,
USA) using the TagMan Probe-Based Gene Expression analysis system in combination
with TagMan Gene Expression Master Mix containing ROX (Applied Biosystems). Quan-
tification of iNOS  (Mm01309902_m1), COX-2 (Mm00478372_m1l), IL-12
(MmO00434169_m1), IFN-y (Mm99999071_m1), and GAPDH (Mm99999915_g1) transcripts
was performed using gene-specific primers. Expression data were normalized against the
corresponding level of GAPDH. To compare mRNA levels between groups, relative
mRNA levels were calculated using the 2-2CT method.
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2.2.3. Determination of Cytokines by ELISA In Vitro

To obtain splenocytes, spleens were removed from mice. The spleens were then gen-
tly pressed with a syringe and forced through a 70 um cell strainer (SPL Life Sciences,
Pocheon-si, Gyeonggi-do, Korea). Cells were treated with RBC lysis buffer (Sigma-Al-
drich, St. Louis, MO, USA), and isolated splenocytes were incubated in RPMI-1640 (Gibco)
containing 10% FBS and 1% penicillin-streptomycin (Hyclone) in a 5% CO2 incubator. For
measurement of cytokine on RAW 264.7 cells and splenocytes, the cells were placed to a
6-well plate at 1 x 10¢ cells/well and incubated at 37 °C and 5% CO: for 48 h. After incuba-
tion, the cells were treated with the samples for 24 h; LPS (1 ug/mL), 3% (v/v) RGE, LAB
strains (1 x 106 CFU/mL). The TNF-a, IL-6, IL-10, IL-12, and IFN-y concentration in the
culture medium was determined by ELISA kit (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

2.2.4. Analysis of Splenic NK Cell Activity

NK cells were isolated from splenocytes using CD49b (DX5) MicroBeads (Miltenyi
Biotec Technology, Bergisch Gladbach, Germany) according to the manufacturer’s in-
structions. NK-cells (1 x 10> cells/well) were co-cultured with YAC-1 cells (1 x 10°
cells/well) at a ratio of 1:1 in a 96-well v-bottom plate. And the cells were treated with the
samples for 24 h; LPS (1 pg/mL), 3% RGE (1.5 mg/mL), LAB strains (1 x 105 CFU/well).
The cytotoxic effects of the obtained supernatant were measured using a CytoTox 96 non-
radioactive cytotoxicity assay kit (Promega, Madison, WI, USA) according to the manu-
facturer’s instructions.

2.2.5. Animal Experiment

Balb/c mice (male, 6 weeks old, 20-25 g) were purchased from dooyeol biotech (Seoul,
Korea) and maintained at 20-22 °C, 40-60% relative humidity, and a 12 h light/dark cycle,
and fed an autoclaved standard laboratory diet, and allowed free access to water. The
experimental procedure was approved by the Ethics Review Committee of R&D center,
hy co., Ltd., Korea (AEC-2021-0003-Y). The protocol for immunosuppression mice model
was performed according to a previous method [19]. An immunosuppression model was
established by intraperitoneal (i.p.) injection of cyclophosphamide (CP, Sigma-Aldrich) in
sterile saline (150 mg/kg) twice every second day in 35 mice. After 1 week of adaptation,
mice were randomly divided into six groups (1 = 7 per group) as follows: normal mice
(NOR), CP alone (CP), CP plus beta-glucan positive control ($-glucan, 20 mg/kg), CP plus
1 x 10° CFU/kg HY7017 cultured in MRS (high-dose HY7017-M), CP plus 1 x 108 CFU/kg
HY7017 cultured in MRS supplemented with 3% RGE (low-dose HY7017-RGEs), and CP
plus 1 x 10° CFU/kg HY7017 cultured in MRS supplemented with 3% RGE (high-dose
HY7017-RGEs. L. paracasei HY7017 was administered 24 h after the last injection of CP.
The NOR and CP groups were administered distilled water via oral gavage.

2.2.6. Analysis of Immune-Enhancing Effects in Immunosuppressed Mice

Whole blood and spleen were collected at the end of the experiment. The spleen was
weighed immediately after sacrifice, and splenocyte and NK cell isolation was performed
as previously described. To evaluate splenocyte proliferation, splenocytes were placed
into 96-well flat-bottomed microplates in triplicate at 5 x 10° cells/well, and then 4 pg/well
of ConA (T-cell mitogen) and 1 pg/well of LPS (B-cell mitogen) were added to the wells.
The cells were incubated in a total volume of 100 puL/well. Serum-free RPMI 1640 medium
was used as the control. The proliferated cells were counted using a CCK-8 assay kit
(Dojindo Molecular Technologies, Kumamoto, Japan). Next, whole blood collected in hep-
arinized tubes was analyzed for RBC and WBC counts. Total numbers of RBC and WBC
were tested using an auto hematology analyzer (BC-5000Vet, mindray, Shénzhen, China).
Next, the IL-2 and IFN-y concentration in the culture medium was determined by ELISA
kit (R&D Systems, Minneapolis, MN, USA) according to the manufacturer’s instructions.
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Finally, the cytotoxic effects of the obtained supernatant were measured using a CytoTox
96 non-radioactive cytotoxicity assay kit (Promega, Madison, WI, USA) according to the
manufacturer’s instructions.

2.3. Probiotic Properties of HY7017
2.3.1. Resistance to the Effects of the GI Tract

We evaluated the potential of HY7017 grown in a 3% RGE-supplemented medium as
a probiotic by measuring survival in physiological conditions similar to those of the hu-
man GIT [20]. To this end, in vitro digestion tests were performed to evaluate resistance
to saliva, gastric juice, and bile salts. Simulated Salivary Fluid (SSF), simulated gastric
fluid (SGF), and simulated intestinal fluid (SIF) were preheated to 37 °C prior to in vitro
digestion of bacteria. Then, 5 mL HY7017 or ATCC25302 culture was poured into a 50 mL
conical tube. The oral simulation was performed by adding 26 uL of 0.3 M CaClz solution
and 4 mL of 6.55 mg/mL a-amylase solution in SSF. The pH was then adjusted to 7.0 with
1 M NaOH, and the mixture was incubated at 37 °C for 2 min. The gastric fluid simulation
was performed by adding 6 pL of 0.3 mol/L CaClz, 694 uL distilled water, and 9.1 mL of
0.07 mg/mL pepsin to SGF. The pH was adjusted to 3 with 1 M HCl, and the mixture was
incubated at 37 °C with continuous shaking for 2 h. The intestinal phase was simulated
by adding 40 pL of 0.3 M CaCl, 1.31 mL distilled water, 2.5 mL of 160 mM bile extract,
and 16 mL of 22.15 mg/mL pancreatic solution. The pH was raised to 7.0 by adding 1 M
NaOH, and the mixture was incubated at 37 °C for 2 h with shaking. For each step, a
control group cultured in PBS was set. At the end of each simulation, aliquots of HY7017
or ATCC25302 were collected, and viable cell counts were measured to determine the vi-
ability after simulated saliva, gastric fluid, and intestinal fluid digestions.

2.3.2. Adhesion to Caco-2 Cells

The rate of adhesion of HY7017 and ATCC25302 to human Caco-2 adenocarcinoma
colon cells was measured as previously described [21]. Caco-2 cells were cultured in
DMEM supplemented with 10% heat-inactivated FBS and 1% antibiotic/antifungal solu-
tion at 37 °C in an atmosphere containing 5% COz. Caco-2 cells were seeded at a concen-
tration of 1 x 10¢ cells/well in 6-well plates. After the cells were grown to 100% confluence,
the medium was replaced with DMEM without antibiotics and FBS. MRS or RGE-supple-
mented MRS-cultured HY7017 and ATCC25302 were diluted in PBS, and each well of
CaCo-2 cells was inoculated with 1.0 x 10° CFU/mL HY7017 or ATCC25302 for 2 h at 37
°C in 5% CO: to allow HY7017 or ATCC25302 to adhere to Caco-2 cells. Cells were then
washed three times with PBS and treated with 0.025% trypsin-EDTA (Gibco) for 10 min
to detach the cells from the plate. The isolated bacterial cells were serially diluted with
PBS and plated on MRS agar medium. Plates were incubated at 37 °C for 72 h, and then
the number of colonies was counted (A1, CFU/mL). L. paracasei HY7017 or L. paracasei
ATCC25302 added first to each well of the plate were also assayed (Ao, CFU/mL). The
adhesion rate was calculated as follows.

% Adhesion ability = (A1/Ad) x 100 (1)

2.4. Statistical Analysis

All data are expressed as mean standard error. Significant differences were statisti-
cally analyzed using one-way analysis of variance (ANOVA), followed by Tukey’s multi-
ple range test (p < 0.05). The obtained data were analyzed using GraphPad Prism 7 pro-
gram (GraphPad Software, Inc, San Diego, CA, USA)
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3. Results
3.1. Characteristics of HY7017 in Response to RGE
3.1.1. Endophytic LABs Isolation and Identification

Endophytic LABs were isolated from the ginseng root system; four strains increased
the OD value in 2 Brix RGE, and the strain with the greatest increase in OD value was
selected for further experiments. Through 16S rRNA sequencing, the strain was confirmed
as L. paracasei, and we named this strain HY7017. To confirm that the growth of HY7017
was dependent on the Brix of red ginseng, M9 minimal medium, 0.5 Brix, 1 Brix, 2 Brix,
and 5 Brix RGE were prepared. The number of viable cells increased in proportion to the
Brix of RGE (Figure 1). In particular, HY7017 cultured in 5 Brix RGE produced >10°
CFU/mL of bacteria. When the same experiment was performed using ATCC25302, the
number of viable cells was not dependent on the concentration of RGE (Figure 1).
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Figure 1. Bacterial numbers (logioCFU/mL) of Lactobacillus paracasei strains grown in MRS, M9 min-
imal medium, 0.5 Brix RG, 1 Brix RG, 2 Brix RG, and 5 Brix RG. Data are represented as mean *
standard error of the mean (SEM) of three independent experiments. * p < 0.05, compared with M9

minimal. MRS, cultured in MRS broth; M9 minimal, cultured in M9 minimal medium; 0.5 Brix RG, cultured in
0.5 Brix RGE broth; 1 Brix RG, cultured in 1 Brix RGE broth; 2 Brix RG, cultured in 2 Brix RGE broth; 5 Brix RG,
cultured in 5 Brix RGE broth.

3.1.2. Growth Performance of HY7017 in RGE-Supplemented Medium

To investigate the role of RGE as a cell culture supplement, we measured the number
of viable cells of HY7017 and ATCC25302 for each RGE concentration added to the MRS
broth (Table 1). The number of ATCC25302 cultured in MRS was 1.58 x 10 CFU/mL, and
the number of viable cells decreased as RGE was added. In 3% RGE-supplemented me-
dium, the number of viable cells was 2.67 x 108 CFU/mL. The number of viable cells of
HY7017 cultured in MRS was 1.54 x 10° CFU/mL, and 2.08 x 10° CFU/mL in MRS supple-
mented with 3% RGE. The number of viable cells cultured in MRS supplemented with 1%,
5%, and 10% RGE was similar.
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Table 1. The bacterial number of Lactobacillus paracasei strains in MRS according to RGE content.

Strain Red Ginseng Extract (%)  Bacterial Number (CFU/mL)

0 1.58 x 10 2+ 0.07
1 123 x10°+0.15

L. paracasei ATCC25302 3 2.67x108+0.35 **
5 2.13x108+0.15**
10 2.07 x108+0.12 **
0 1.54 x10°+0.05
1 1.64x10°+0.15

L. paracasei HY7017 2.08 x10°+0.06 *

5 1.54x109+0.21
10 1.42 x 109+ 0.25

The data are presented as the mean + SEM. * p <0.05, ** p <0.01 vs. 0% group.

We performed mass culture using a fermenter to determine the effect of 3% RGE
supplementation on the probiotic manufacturing process (Table 2). The number of viable
cells inoculated into each culture condition was performed under the same conditions.
The number of HY7017 bacteria cultured in MRS supplemented with 3% RGE was slightly
higher than that in MRS. The number of bacterial cells was dependent upon the culture
conditions. The number of harvested cells from the normal medium was 9.73 x 10
CFU/mL, whereas 2.11 x 10" CFU/mL cells were harvested from 3% RGE-supplemented
medium. The number of lyophilized cells was 3.57 x 10" CFU/mL in 3% RGE-supple-
mented medium, and 1.8 x 10 x 101" CFU/mL in normal medium. The number of
ATCC25302 viable cells in 3% RGE-supplemented medium was lower than in the normal
medium at each step of the manufacturing process.

Table 2. Bacterial counts of Lactobacillus paracasei strains during the manufacturing process according to growth condi-

tions.
Strain Growth Manufacturing process (CFU/mL)
Condition Inoculation Fermentation Concentration Lyophilization
L. paracasei MRS 4.67x10°+0.55 1.31x 1010+ 0.31 2.15x10 1 +0.95 3.47 x10 1 +0.51
ATCC25302 +3% RGE ~ 4.67x10°+0.55 8.73x10°+0.54 133x10"+049* 193x10"+09*
L. paracasei HY7017 MRS 5.03 x10°+0.35 1.50 x 10 10+ 0.18 9.73 x 1010+ 0.64 1.80 x 10 11 + 0.47
+3% RGE 5.03 x 10 2 + 0.35 174x1010+0.13 211x10"+0.11* 3.57x101+0.4*

The data are presented as the mean + SEM. * p <0.05 vs. Growth condition in MRS.

3.1.3. Analysis of the Ginsenoside Content in HY7017

We investigated the ability of HY7017 cultured in RGE-supplemented medium to
accumulate ginsenosides in the cytoplasm. We measured the protopanaxadiol (PPD)-type
ginsenoside Rb1 and Rg3. We showed that HY7017 takes up ginsenoside (Figure S1) by
comparing the area of the peak representing Rbl and Rgl in the washing buffer and
HY?7017 lysate. The content of Rb1 in the culture medium increased according to the con-
centration supplemented with RGE, whereas Rb1 was reduced in the culture supernatant
obtained after culturing HY7017 compared to the culture medium. Rg3 showed a ten-
dency to slightly increase in the culture supernatant obtained after incubation of HY7017.
There was no peak present in the washing solution, whereas a peak representing RGE was
present in the HY7017 lysate, which was transformed by the enzyme activity of the LAB.
The ginsenoside peak was not observed in the cytoplasmic fraction of HY7017 cultured in
medium supplemented with 1% RGE. On the other hand, it was confirmed that Rg3 was
uptake in HY7017 cytoplasm in RGE-supplemented medium of 2% or more. These results
showed that Rb1 was converted to the minor ginsenoside Rg3 by hydrolysis of the sugar
moiety by HY7017.
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3.2. The Immune-Enhancing Effect of HY7017
3.2.1. HY7017-Mediated Production of NO and Cytokines in RAW 264.7 Cells

We investigated the immune-enhancing effect of heat-killed HY7017 and ATCC25302
treatment on RAW 264.7 cells (Figure 2). First, we showed the effect of heat-killed HY7017
treatment on NO production in RAW 264.7 cells (Figure 2A). NO release levels increased
to 20.54 + 0.13 uM in the LPS-treated group (LPS), but rather decreased in the 3% RGE-
treated group. ATCC25302 did not affect the NO release level regardless of the RGE sup-
plementation condition. By contrast, HY7017 cultured in 3% RGE-supplemented medium
(HY7017-RGEs) significantly increased NO release levels, but HY7017 cultured in MRS
(HY7017-M) did not increase the NO level. Cells treated with HY7017-RGEs released 8.45
* 0.33 uM NO, which was higher than the amount released by HY7017-M treated cells
(4.96 £ 0.32 pM NO). Next, we compared the levels of mRNAs encoding iNOS and COX-
2 between cells treated with L. paracasei strains cultured in MRS and cells treated with L.
paracasei strains cultured in medium supplemented with RGE. As shown in Figure 2B,C,
the mRNA level of iNOS and COX-2 were significantly increased compared to the NT
group, following treatment with HY7017-RGEs. It was observed that HY7017-RGEs sig-
nificantly increased compared to HY7017-M at the mRNA level of iNOS, respectively. Fi-
nally, we conducted an ELISA to measure the amount of TNF-q, IL-6, and IL-10 secreted
from macrophages treated with LABs (Figure 2D-F). TNFa and IL-6 in RAW 264.7 cells
increased by HY7017 treatment, but IL-10 was no significant difference. In particular, sup-
plementing the medium with RGE could dramatically increase the secretion of TNF-a.
While, ATCC25302 treatment significantly increased TNF-a, but had no effect on the se-
cretion of cytokines IL-6 and IL-10. These results indicate that HY7017-RGEs increase the
release of pro-inflammatory cytokines but not anti-inflammatory cytokines.
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Figure 2. Effect of Lactobacillus paracasei HY7017 and ATCC25302 cultured in each medium on RAW
264.7 cells. The production of nitric oxide (NO) was measured by Griess reagent (A). Relative mRNA
levels of iNOS (B) and COX-2 (C) were monitored by qPCR and normalized against GAPDH. The
secretion of TNF-a (D), IL-6 (E) and IL-10 (F) were determined using an ELISA kit. Data are repre-
sented as mean + standard error of the mean (SEM) of three independent experiments. * p < 0.05, **
p <0.01 and *** p <0.001 compared with NT. # p < 0.05 and ## p < 0.01 compared with HY7017-M.
NT, non-treated group; LPS, treated with LPS; 3% RGE, treated with 3% RGE in PBS; ATCC25302-
M, treated with 1x10° CFU/mL of ATCC25302 grown in MRS; ATCC25302-RGEs, treated with 1x10¢
CFU/mL of ATCC25302 grown in 3% RGE-supplemented MRS; HY7017-M, treated with 1x10°
CFU/mL of HY7017 grown in MRS; HY7017-RGEs, treated with 1x10° CFU/mL of HY7017 grown in
3% RGE-supplemented MRS.
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3.2.2. HY7017-Mediated Cytokine Production and NK Cell Activity in Splenocytes

To investigate the immune-enhancing effect of LAB treatment, we isolated spleno-
cytes and NK cells from spleens extracted from BALB/c mice and treated each cell type
with heat-killed HY7017 and ATCC25302 (Figure 3). Figure 3A,B shows that HY7017-
RGEs treatment significantly increased the mRNA levels of IL-12 and IFN-y in spleno-
cytes. However, ATCC25302 treatment did not increase mRNA levels of IL-12 and IFN-y.
Likewise, IL-12 and IFN-y production was significantly increased in the HY7017-RGEs
treatment, similar to the result of the mRNA level (Figure 3C,D). In particular, HY7017-
RGEs treatment significantly increased IFN-y production than HY7017-M treatment. Fi-
nally, we confirmed the cytotoxicity of NK cells to YAC-1 cells (Figure 3E). The cytotoxi-
city of NK cells was 4.4% in NT-treated cells; 11.8% in LPS-treated cells; 6.6% in 3% RGE-
treated cells; 7.2% in ATCC25302-M treated cells; 7.8% in ATCC25302-RGEs treated cells;
8.4% in HY7017-M treated cells, and 10.8% in HY7017-RGEs treated cells. This result indi-
cates that HY7017 cultured in 3% RGE-supplemented medium most increases NK cell ac-
tivity.
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Figure 3. Effect of Lactobacillus paracasei HY7017 and ATCC25302 cultured in each medium on splenocytes. Relative mRNA
levels of IL-12 (A) and IFN-y (B) were monitored by qPCR and normalized against GAPDH. The secretion of IL-12 (C)
and IFN-y (D) were measured by ELISA kit. The splenic NK cell cytotoxicity (E) to YAC-1 was measured by CytoTox 96
non-radioactive cytotoxicity assay kit. Data are represented as the mean * standard error of the mean (SEM) of three inde-
pendent experiments. * p < 0.05, ** p < 0.01 and *** p <0.001 compared with NT. # p <0.05 compared with HY7017-M. NT,
non-treated group; LPS, treated with LPS; 3% RGE, treated with 3% RGE in PBS; ATCC25302-M, treated with 1x10°
CFU/mL of ATCC25302 grown in MRS; ATCC25302-RGEs, treated with 1x10° CFU/mL of ATCC25302 grown in 3% RGE-
supplemented MRS; HY7017-M, treated with 1x10¢ CFU/mL of HY7017 grown in MRS; HY7017-RGEs, treated with 1x10¢
CFU/mL of HY7017 grown in 3% RGE-supplemented MRS.

3.2.3. Effect of Bacterial Fractions

HY7017 cultured in MRS or 3% RGE supplemented MRS were obtained to cell frac-
tions. The membrane-rich pellet is referred to as the “membrane fraction”, and the super-
natant containing the soluble material is referred to as the “cytosol fraction”. Our results
showed that splenocytes treated with total lysate or cytosol fraction had significantly
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higher IFN-y levels than the non-treated group (Figure S2A). The increase in IFN-y levels
in splenocytes treated with the membrane fraction was not significant. In addition, we
showed that NK activity varied according to the fraction that the cells were treated with.
The activity of NK cells treated with total lysate or cytosol fraction was significantly higher
than in the non-treated group (Figure S2B). The activity of NK cells treated with the mem-
brane fraction tended to be higher but was not significant.

3.2.4. The Effect of Oral Administration of HY7017 to Immunosuppressed Mice

To evaluate the immune-enhancing effect of HY7017 in vivo, HY7017 was adminis-
tered to CP-induced immunosuppressed mice. The spleen weight and splenocyte prolif-
erative capacity, peripheral RBC and WBC counts, cytokine release from splenocytes, and
NK activity were measured (Figure 4). We measured the effect of oral administration of
HY?7017 for 5 days. CP treatment significantly reduced the weight of the mice by 57.94%
compared with the normal group (Figure 4A). Oral administration of high-dose HY7017-
RGE:s slightly increased the weight of the spleen, but this effect was not significant.
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Figure 4. Effect of orally administered Lactobacillus paracasei HY7017 in CP-immunosuppressed mice
on the weight of spleen (A), lipopolysaccharide-induced B-cell proliferation (B), and concanavalin
A-induced T-cell proliferation lipopolysaccharide-induced B-cell proliferation (C) in splenocytes.
The number of red blood cells (RBC, x10¢/uL) (D) and white blood cells (WBC, x10%/uL) (E); ratio of
lymphocytes (F); level of IL-2 (G) and IFN-y cytokines (H) secreted from ConA-treated splenic
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cytotoxic T-cells; splenic NK cell activity (I). Data are represented as the mean =+ standard error of
the mean (SEM) (n =7 mice per group). * p <0.05, ** p <0.01 and ** p <0.001 compared with CP. # p
<0.05 compared with High-dose HY7017-M. NOR, normal mice; CP, treated with CP; $-glucan, oral
administration with 20 mg/kg of B-glucan for 5 days after CP-induction; high-dose HY7017-M, oral
administration with 1x10° CFU/mL of HY7017 grown in MRS for 5 days after CP-induction; low-
dose HY7017-RGEs, oral administration with 1x108 CFU/mL of HY7017 grown in 3%RGE-supple-
mented MRS for 5 days after CP-induction; High-dose HY7017-RGEs, oral administration with 1x10°
CFU/mL of HY7017 grown in 3% RGE-supplemented MRS for 5 days after CP induction.

We measured the effect of HY7017 on the proliferative capacity of splenocytes from
CP-immunosuppressed mice stimulated with LPS and ConA (Figure 4B,C). CP treatment
significantly reduced the proliferative response of lymphocytes to LPS and ConA to 86.4%
and 85.1% of the normal group, respectively, at day 5 in CP-treated mice. Oral administra-
tion of high-dose HY7017-RGEs increased LPS-induced B-cell proliferation and ConA-in-
duced T-cell proliferation to 94.9% and 95.52% of the normal group, respectively.

On day 5 after CP treatment, RBC and WBC levels were reduced to 81% and 30.4%
respectively, compared with the normal group (Figure 4D-F); oral administration of high-
dose HY7017-RGEs for 5 days restored the level of and WBCs. However, the RBC level
and lymphocyte ratio were not significantly different from the CP-treated group.

Next, we measured the effect of HY7017 on the expression of the immunoregulatory
cytokines IL-2 and IFN-y in splenocytes isolated from CP-treated mice (Figure 4G,H). CP
treatment significantly reduced the secretion of IL-2 and IFN-y to 55.5% and 21.6%, re-
spectively, of normal splenocytes; Oral administration of HY7017-RGEs of CP-treated
mice reversed the reductions in IL-2 and IFN-y secretion to 90.57% and 27.95% of normal
splenocytes, respectively.

We orally administered HY7017 to CP-treated mice, isolated NK cells from the
spleen, and measured the cytotoxic effects of the isolated cells on YAC-1 cells (Figure 4I).
Treatment with CP alone significantly reduced the cytotoxic effects of NK cells compared
with cells isolated from normal mice. Oral administration of high-dose HY7017-RGEs re-
stored the cytotoxic effects of spleen-derived NK on YAC-1 cells.

3.3. Probiotic Properties
3.3.1. Stability in the Gastrointestinal Tract

To determine the stability of HY7017 and ATCC25302 in the GIT, HY7017, and
ATCC25302 were cultured in MRS or 3% RGE-supplemented MRS and tested in a simu-
lated GIT model (Figure 5A). Our results showed that 88% of HY7017 cultured in MRS
survived the oral stage, whereas 97% of HY7017 cultured in 3% RGE-supplemented MRS
survived the oral stage. In the gastric simulation test, 68% of HY7017 cultured in MRS and
83% of HY7017 cultured in 3% RGE-supplemented MRS survived gastric simulation. In
the intestinal stage, 48% of HY7017 cultured in MRS survived the small intestine stage,
whereas 65% of HY7017 cultured in 3% RGE-supplemented MRS survived the small in-
testine stage. But we showed that there was no significant difference in the stability of
ATCC25302 strains cultured in the RGE-containing medium or normal medium in the
GIT. Overall, these results indicate that HY7017 grown in 3% RGE-supplemented MRS
has better GIT stability than the ATCC25302.
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Figure 5. The survival rate of HY7017 and ATCC25302 during simulated gastrointestinal tract (A). The number of LAB
attached to one Caco-2 cell under co-culture conditions (B). Data are represented as the mean * standard error of the mean
(SEM) of three independent experiments (* p < 0.05).

3.3.2. Adhesion Rate

To determine the adhesion rate of caco-2 cells of HY7017 and ATCC25302, HY7017
and ATCC25302 were cultured in MRS or 3% RGE-supplemented MRS (Figure 5B).
HY7017 cultured in MRS had an adhesion rate of 2.1%, and HY7017 cultured in 3% RGE-
supplemented MRS had an intestinal adhesion rate of 4.1%. This result showed that
HY7017 cultured in RGE had better intestinal adhesion. The intestinal adhesion rate of
ATCC25302 cultured in MRS medium was 4.6%, and the intestinal adhesion rate of
ATCC25302 cultured in 3% RGE-supplemented MRS had an intestinal adhesion rate of
4.3%, demonstrating that the growth medium did not affect the intestinal adhesion of
ATCC25302.

4. Discussion

The aim of this study was to isolate potential probiotic strains of bacteria from gin-
seng root and was to compare the characteristics of these strains grown in culture media
supplemented with RGE. There is a need to find LABs that have the ability to overcome
the antibacterial activity of red ginseng [22] and to determine the optimal concentration
of red ginseng extract that promotes probiotic bacterial growth. We isolated endophytic
LABs from the ginseng roots and investigated the survival rate in RGE broth. 5 Brix RGE
was diluted in M9 minimal medium to prepare 2 Brix RGE broth, and LAB having the
highest OD value was selected when cultured in RGE broth. In addition, L. paracasei type
strain ATCC25302 and HY7017 were cultured according to the concentration gradient of
RGE. We observed that ATCC25302 could not grow in RGE, yet HY7017 produced more
than 108 viable cells in 5 Brix RGE. These results suggest that the growth-promoting char-
acteristics of RGE are unique to HY7017. However, since there is a clear limitation of using
RGE alone as a culture medium, an experiment was conducted to determine the role of
growth media supplemented with RGE.

We examined the growth characteristics of ATCC25302 and HY7017 grown in RGE-
supplemented medium. In medium supplemented with 0%, 1%, 3%, 5%, and 10% RGE,
growth of ATCC25302 was not promoted and was decreased at 3% or more RGE (Table.
1). However, 3% RGE promoted the growth of HY7017, and growth was not reduced at
any of the RGE concentrations tested. These results are consistent with a report showing
that saponin, a pharmacological component of red ginseng, promotes the growth of LAB
at certain concentrations but inhibits growth above these concentrations [23]. The sup-
pression of the growth of microorganisms with increasing RGE concentrations is thought
to be due to the gradual increase in the antimicrobial molecules from red ginseng [22].
Therefore, concentrations of RGE supplements need to be optimized because the condi-
tions for promoting growth are different for each species of bacteria. We compared how
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3% RGE-supplemented medium affected the growth of ATCC25302 and HY7017 in a
mass-culture fermenter (Table. 2). The growth performance of HY7017 cultured in 3%
RGE-supplemented MRS was 2-fold higher than HY7017 cultured in MRS. Increasing the
efficiency of the LAB culture process can minimize the loss of cell harvest in the subse-
quent downstream process, resulting in increased productivity of probiotic production.
Exopolysaccharide (EPS), a biogenic product of LAB, forms a capsule around the cell wall
that forms part of the cell wall or is present in a viscous form outside the cell wall [24].
EPS is a microbial polysaccharide that accumulates during fermentation and makes it dif-
ficult to harvest cells from the culture medium. Supplementation of culture medium with
RGE seems to be related to the production of EPS. The exact mechanism that underlies the
relationship between RGE and EPS has not been elucidated; it will be necessary to inves-
tigate in future studies whether the addition of RGE lowers biogenic products such as
EPS, or whether RGE components interact with EPS. Overall, our results suggest that the
supplementation of HY7017 growth media with RGE will be advantageous in the indus-
trial production of HY7017 probiotics.

LAB has been validated through many studies as a safe microorganism that repair
the disturbance of the gut microbiota [25] and induces non-specific activation of the host
immune system [26]. For instance, L. acidophilus LAFTIL10 or L. paracasei LAFTI L26 were
able to enhance specific gut and systemic immune responses in mice by enhancing the
secretion of anti-inflammatory cytokine IL-10 and pro-inflammatory cytokine IFN-y [27].
Another study showed that all of the hydrolysates and whole cells from L. paracasei
NTU101 induce the proliferation of macrophages and splenocytes and promote the re-
lease of IL-10 and IL-12 cytokines to modulate the innate and adaptive immune systems
and inflammatory responses [28]. Previous work by our group showed that L. plantarum
HY7712 significantly increased IL-2 and IFN-y production and NK cell activity in CP-
treated mice [19]. However, studies on LAB improved the immune-enhancing effects have
not been performed thoroughly. Therefore, to search LAB capable of improving immune-
enhancing effects using RGE, we investigated first the ability of HY7017 isolated from
ginseng roots to activate immune cells and then its immune-enhancing effect in immuno-
suppressed mice.

Macrophages are representative phagocytic cells involved in innate immunity that
induce immune responses by directly phagocytosing pathogens or by secreting immune
mediators such as cytokines [29]. Activated macrophages secrete NO, which acts as an
immune signal transmitter, and NO activates other immune cells to increase resistance to
pathogens [30]. NO is synthesized by iNOS, which is activated for the immune response
[31], and NO activates COX-2 to produce PGE2 for the immune response [32]. In addition,
activated macrophages promote the immune response by increasing the expression of cy-
tokines such as TNF-a, IL-6, and IL-10, which are considered important factors of the in-
nate immune response. According to our data, treatment of HY7017 cultured in 3% RGE
supplemented medium increased NO production by raising the mRNA expression level
of iNOS and increased secretion of pro-inflammatory cytokines such as TNF-a and IL-6.
However, HY7017 treatment did not affect the secretion of the anti-inflammatory cytokine
IL-10. These results indicated that HY7017 only exhibited an immune-enhancing effect
and did not cause an inflammatory response.

Various immune cells such as T-cells, B-cells, macrophages, and NK cells exist in the
splenocytes isolated from the spleen, and the culture supernatant contains a large number
of cytokines secreted by these immune cells. IL-12 is a cytokine released from antigen-
presenting cells that acts on naive T cells to promote differentiation into Th1 cells [33] and
follicular helper T precursor cells [34]. IFN-y can mediate cellular immune function and
promote differentiation and proliferation of Th1 cells [35]. Since IFN-vy is mainly produced
in NK-cells and T-cells, it is a representative indicator of NK-cell and T-cell function [36].
Therefore, an increase in the expression level of IFN-y suggests that the activity of NK-
cells and T-cells has increased, resulting in immune enhancement. NK-cells, which are the
main type of cells responsible for innate immunity, are activated by IFN or macrophage-
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derived cytokines, and the activated NK-cells secrete cytokines such as IFN-y and TNF-«
to promote apoptosis of stem cells or contribute to activating other immune cells [37,38].
As our data show, HY7017-RGEs raised production of IL-12 and IFN-y, which are upreg-
ulated by the mRNA levels of IL-12 and IFN-y, and significantly increased the NK cell
activity. By contrast, ATCC25302 did not increase cytokine production and NK cell activ-
ity. In summary, HY7017 cultured in 3% RGE-supplemented medium improved the im-
mune-enhancing effect than HY7017 cultured in MRS.

The spleen, a major lymphoid organ where B-lymphocytes and T-lymphocytes ma-
ture, provides a protective immune response to antigens [39]. Thus, the size of the spleen
and proliferation of spleen cells are important indicators of a functioning immune system
[40]. In addition, WBCs play an important role in the body’s defense system, swallowing
foreign substances and producing antibodies [41]. The number of lymphocytes changes
are used in part to diagnose immunosuppressive diseases and acute infectious diseases
[42]. Furthermore, IL-2 is an important immunomodulatory that induces the differentia-
tion of lymphoid cells and stimulates IFN-y production [43]. In this study, the oral admin-
istration of HY7017 cultured in 3% RGE-supplemented medium tended to recover spleen
size in immunosuppressed mice, but this effect was not significant (Figure 4A). Next, the
proliferative ability of splenocytes was significantly increased following oral administra-
tion of high-dose HY7017 grown in 3% RGE-supplemented medium (Figure 4B,C). Next,
the results of our study showed that high-dose HY7017 grown in 3% RGE-supplemented
medium restored CP-induced decreases in WBC levels, and the immunity of mice was
improved (Figure 4D-F). Finally, oral administration of high-dose HY7017 grown in 3%
RGE-supplemented medium increased IL-2 and IFN-y production in splenocytes from
immunosuppressed mice and restored NK cell activity in immunosuppressed mice (Fig-
ure 4G-I). Therefore, culturing HY7017 in the presence of RGE is advantageous for im-
mune-enhancing effects in CP-induced mice.

In a previous study, it was reported that L. paracasei have immunomodulatory abili-
ties via increased Th1-associated cytokines and reduced Th2-associated cytokines, switch-
ing the immune response from a Th2 toward a Th1 response. For example, L. paracasei
V0151 IL-2, IL-4, IL-5, and IL-13 production was dose-dependently downregulated,
whereas IL-12 was dose-dependently upregulated [44]. Another study showed that the
impact of consuming dairy yogurt containing L. paracasei significantly increased NK cell
activity, IL-12, IFN-y, and immunoglobulin (Ig) G1 levels [45]. According to the results of
this study, HY7017 works similarly to the previously known immunomodulatory effect
of Lactobacillus paracasei, and also has a unique characteristic that can improve efficacy by
culturing in a medium supplemented with RGE. The immune-enhancing effect of gin-
senosides is widely known, and useful ingredients of red ginseng, such as red ginseng
acidic polysaccharide (RGAP), increase NK cell activity [46]. The beneficial effect of RGE
on probiotics may be mediated by ginsenosides. Rg3 were detected in the cytosol of
HY7017 (Figure S1), and treatment of the cytoplasmic fraction in splenocytes significantly
increased IFN-y and NK cell activity (Figure S2). These results suggested that intracellular
ginsenosides might produce the observed beneficial effect. However, the exact mecha-
nism of how these ingredients enhance the efficacy of HY7017 cells during culture remains
to be elucidated.

Probiotics exhibit various health effects on the digestive tract, intestinal microbiota,
and immune system, and they are lower high cholesterol levels [10,13,47]. To exert bene-
ficial effects, probiotics need to survive acid and bile transit and adhere to mucosal sur-
faces [48]. The survival rate of HY7017 in the GIT was better than that of ATCC25302,
suggesting that the HY7017 strain is more suitable as a probiotic. The survival rate of
ATCC25302 was lower when it was cultured in 3% RGE-supplemented MRS, while the
survival rate of HY7017 cultured in 3% RGE supplemented MRS was higher in the intes-
tinal phase (Figure 5A). This result suggests that RGE provides HY7017 with protective
characteristics against pH or enzymes. The intestinal cell adhesion of HY7017 was 2.3%,
which was lower than that of ATCC25302 (4.6%). The culture of HY7017 in 3% RGE-
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supplemented MRS increased the adherence to 4.1% (Figure 5B) but did not affect
ATCC25302, indicating that the effect of RGE was beneficial to HY7017 only. Previous
studies have reported that EPS caused a decrease in the adhesion of the commercial pro-
biotic strains by competing for similar adhesion targets on the probiotic strains or attach-
ing to the cellular surface of probiotics [49]. The increase in intestinal cell adhesion rate
may be due to the EPS-reducing effect. Further research is needed to elucidate the mech-
anisms by which RGE specifically acts on the HY7017 strain.

5. Conclusions

This study suggests that supplementing culture medium with RGE promotes the
growth of HY7017. Since RGE supplementation exhibits higher cell incubation and har-
vest efficiency, this method will be advantageous to the industrial production of probiot-
ics. In addition, cell- and animal-based studies showed that culturing HY7017 in RGE-
supplemented medium produces immune-enhancing effects; namely, increased NO,
TNF-a, and IL-6 production from macrophages, increased IL-12, IFN-y, and NK cell ac-
tivity in splenocytes, recovery of WBC levels, IL-2 and IFN-y upregulation, and increased
NK-cell activity from immunosuppressed mice. In addition, RGE supplementation en-
hanced the probiotic properties of HY7017, including increased stability in the GIT and
better adhesion to Caco-2 cells. These results suggest that RGE supplementation enhanced
the physiological properties of HY7017 and that HY7017 is an effective immunomodula-
tors as a potential probiotic.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/fermentation7040238/s1, Figure S1: Analysis of the ginsenoside content in culture me-
dium, culture supernatant, and cytosol fraction according to RGE concentration. Figure S2: Effect of
cell fractions of HY7017 cultured in 3% RGE-supplemented MRS on IFN-y secretion and splenic NK
cell activity.
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