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a b s t r a c t

Background: Main bioactive constituents and pharmacological functions of ripened red ginseng berry
(Panax ginseng Meyer) have been frequently reported. Yet, the research gap targeting the beneficial ac-
tivities of transformed green ginseng berries has not reported elsewhere.
Methods: Ginsenosides of new green berry cultivar K-1 (GK-1) were identified by HPLC-QTOF/MS. Gin-
senosides bioconversion in GK-1 by bgp1 enzyme was confirmed with HPLC and TLC. Then, mechanisms
of GK-1 and b-glucosidase (bgp1) biotransformed GK-1 (BGK-1) were determined by Quantitative
Reverse Transcription-Polymerase Chain Reaction and Western blot.
Results: GK-1 possesses highest ginsenosides especially ginsenoside-Re amongst seven ginseng cultivars
including (Chunpoong, Huangsuk, Kumpoong, K-1, Honkaejong, Gopoong, and Yunpoong). Ginseng root’s
biomass is not affected with the harvest of GK-1 at 3 weeks after flowering period. Then, Re is bio-
converted into a promising pharmaceutical effect of Rg2 via bgp1. According to the results of cell as-
says, BGK-1 shows decrease of tyrosinase and melanin content in a-melanocyte-stimulating hormone
challenged-murine melanoma B16 cells. BGK-1 which is comparatively more effective than GK-1 extract
shows significant suppression of the nuclear factor (NF)-kB activation and inflammatory target genes, in
LPS-stimulated RAW 264.7 cells.
Conclusion: These results reported effective whitening and anti-inflammatory of BGK-1 as compared to
GK-1.
© 2021 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Ginseng (Panax ginseng Meyer, Araliaceae family) is a widely
cultivated perennial plant in Korea and China for the frequent use of
functional food and herbal medicine [1]. Ginseng berry (GB) is well
known for its potential therapeutic effects mainly the biochemical
and pharmacological properties including whitening [2], anti-
cancer [1], anti-aging [3], and anti-diabetic [4]. The aforementioned
effects are stimulated from the phytochemicals (ginsenosides,
polysaccharides, amino acids, polyphenolics, fatty acids, and
hnology, and College of Life
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reducing sugars) that exist in GB [5e7]. In accordance with the
beneficiary effect of various ginseng berry cultivars, the interest
imposed in the field has drastically increased over the time.

GBs cultivars such as Chunpoong, Kumpoong, and Yunpoong
were categorized according to variant physical representations (i.e.,
berry’s color and stem) [8]. Yoon et al [9] reported that only the
Kumpoong (yellow color berry) has the highest ginsenoside Rg1 as
compared to other existing cultivars. A new cultivar, K-1 has been
reported recently with its superior representation which has
excellent root shape and strong disease resistance [10]. Apart from
physical representation, chemical constituents (especially ginse-
nosides) existing in red ginseng berry (RGB) extract has been
frequently studied [11,12]. However, the chemical components and
biological activities of green (unripe) ginseng berry (GGB) extract
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Abbreviations

GK-1 Green berry cultivar K-1
bgp1 b-glucosidase
BGK-1 bgp1 biotransformed GK-1
RGB Red ginseng berry
GGB green ginseng berry
LPS Lipopolysaccharide
NO Nitric oxide
ROS Reactive oxygen species
iNOS Inducible nitric oxide synthase
TNF-a: Tumor necrosis factor-a
IL-6 Interleukin 1 -6
IL-1b Interleukin 1 beta
NF-kB Nuclear factor kappa B
IkBa Inhibitor kappa B-alpha
TLC Thin-layer chromatography
HPLC High-performance liquid chromatography
qRT-PCR Quantitative Reverse transcription-polymerase

chain reaction
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are less reported as compared to RGB [13]. Whereby, Kim et al [14]
reported that Re ginsenosides are abundantly found in both RGB
and GGB.

Various methods for the Rg2 conversion from Re were proposed
due to the promising enhancement of pharmaceutical effects such
as heat processing [1], microwave and vinegar processing [14], and
ultrasonication [15]. Apart from methods aforementioned, a novel
approach of Rg2 conversion via biotransformation of Re was
developed with recombinant b-glucosidase gene (bgp1) with
promising productivity [16,17]. Whereby, bgp1 can be obtained
from Microbacterium esteraromaticum which is commonly iso-
lated from ginseng fields [18]. The bgp1 was generally cloned and
represented in the form of E.coli BL21 (DE3) that comprises 2,496
base pairs bp (base pairs) and encoded with 831 amino acids. The
minor ginsenoside conversion is done by the effective attachment
on major ginsenosides after hydrolyzation of 1 glucose unit at C-20
position in ginsenoside aglycone by bgp1 enzyme.

The search for efficient and safe compounds from natural plants
targeting skin treatment are frequently studied [19,20]. Generally,
aging issues are the main target for skin treatment that leads to
wrinkling, photo-aging, drying, roughness, lack of elasticity, and
melanogenesis [21]. Specifically speaking, melanogenesis is an
important skin protection factor that prevents harmful effects of
solar radiation. However, abnormal accumulation of melaninwould
result in melasma and age spots [22]. Therefore, tyrosinase which
controls the primary and rate-limiting processes of melanin pro-
duction [23] shall be adopted to suppress melanogenesis that
causes freckles and age spots.

Over-production of NO is important in inflammatory patho-
genesis which would lead to cell damage by reacting with reactive
oxygen species (ROS) [24,25]. Apart from that, nuclear factor kappa
B (NF-kB) is a critical transcription cytokine that allows regulation
of inflammatory factors [26]. In unstimulated cells, NF-kB is
anchored in the cytoplasm as an inactive complex by inhibitor
kappa B-alpha (IkBa) protein. However, RAW 264.7 cells stimulated
by lipopolysaccharide (LPS), ubiquitination-mediated IkBa degra-
dation results in NF-kB activation and nuclear translocation, which
cause the transcription of inflammatory target genes such as TNF-a,
IL-1b, and IL-6 [27].

In short, murine melanoma (B16) skin cells and LPS-stimulated
RAW 264.7 cells in the presence of green new ginseng cultivar K-1
632
(GK-1) extract before and after bgp1-biotransformation were
cultured. Then, cellular melanin content and tyrosinase action in
the B16 cells was measured as well as the NO, ROS production,
expression of NF-kB, IkBa proteins, TNF-a, IL-1b, inducible nitric
oxide synthase (iNOS), and IL-6 genes level in the RAW 264.7 cells.
To the extent of our knowledge, this is the first study considering
biotransformation of GK-1 of saponins by bgp1, as well as the first
report with the treatment on skin cells and RAW 264.7 with GK-1
and BGK-1 extract.

2. Materials and methods

2.1. Materials

The ginseng berries were provided by Gyeonggi Agricultural
Research and Extension Services, South Korea. RAW 264.7 and B16
cell lines were provided by the Korean Cell Line Bank (Seoul, South
Korea). Arbutin and L-3,4-dihydroxyphenylalanin (L-DOPA) were
purchased from Abcam (Cambridge, UK), a-melanocyte-stimu-
lating hormone (a-MSH), Lipopolysaccharide (LPS), and Griess
were provided by Sigma (Sigma-Aldrich, St. Louis, MO, USA). Dul-
becco Modified Eagle Medium (DMEM), fetal bovine serum (FBS),
and antibiotics were supplied by GenDEPOT (Barker, TX, USA); 3-
(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT)
was provided by Life Technologies (Eugene, OR). Antibodies of TNF-
a, NF-kB, IkBa were provided by Cell Signal Technology (Danvers,
MA, USA), genes primer sequence of TNF-a, IL-1b, IL-6 and iNOS
designed by Macrogen (Seoul, South Korea). All other reagent-
grade chemicals were purchased from commercial companies.

2.2. Preparation of bgp1 for GK-1 reaction

Recombinant enzymes were prepared according to a previously
published method [18]. Briefly, bgp1 that was enriched in DE3 was
transformed into recombinant bgp1. Then, bgp1was cultured in the
Luria-Bertani-ampicillin medium at 37 �C until it reached an optical
density of 0.4 at 600 nm. 0.5 mM isopropyl-b-d-thiogalactopyr-
anoside was added and incubated for an additional 9 h at 28 �C. The
bacteria were collected by centrifugation process of 6,000 rpm for
15 min. The supernatant was harvested and stored at 4 �C until
further experiments.

5 mL of bgp1 was reacted with an equal volume ratio of K-1
extract at 2.0 mg/mL in PBS and incubated under shaking (160 rpm)
at 37 �C. An identical volume fraction of water-saturated n-butanol
was added to each sample to inhibit the reaction. Herein, butanol
was completely evaporated before ginsenosides analysis via TLC
and HPLC.

2.3. Phytochemical analysis

Profiling of various ginsenosides in K-1 was carried out via
flight-mass spectrometry (QTOF/MS) approach [28]. This analysis
was executed in negative ion mode on Waters Xevo G2-S QTOF MS
(Waters Corp., Milford, MA, USA). The MS detected the MSE
acquisition mode data with alternative high- and low-collision
energy scans using cone voltage and capillary settings of 40 V
and 3.0 kV, respectively. The source temperature was 120 �C and
desolvation temperature was 550 �C. The desolvation gas flow was
800 L/h, and cone gas flow was 30 L/h. Mass evaluations were
performed by an automated calibration delivery system in the
range between 100 m/z and 2,000 m/z.

The ginsenosides content was identified by HPLC (Agilent 1260,
Palo Alto, CA, USA) [29]. In brief, seven cultivars powder were
extracted with 70% ethanol then evaporated at 40 �C. The extracts
were dissolved in 1 mL of methanol. The ginsenosides analysis was



X.Y. Xu, E.S. Yi, C.H. Kang et al. Journal of Ginseng Research 45 (2021) 631e641
established byHPLC in the C18 column at 203 nmwith a 1.0mL/min
flow rate. Six individual ginsenosides were analyzed, and the
ginsenoside-Rg1, -Re, -Rf, -Rg2, -Rb1, Rc, Rb2, F1, Rd as a reference.
he period between 1st to 9th weeks of K-1 and BGK-1 were
determined using HPLC. TLC evaluation was operated by silica gel
60 F254 plates from Merck KGaA (Darmstadt, Germany) in solvent
mixture of chloroform-methanol-water with the volumetric ratio
of 65:35:10 (v/v/v) as the developer. The spots on the TLC plates
were stained by spraying themwith sulfuric acid in ethanol (10:90,
v/v), followed by reaction at 110 �C for 10 min.

Reducing sugar content in the K-1 extract was measured via the
dinitrosalicylic acid (DNS) reagent approach [29]. K-1 extract and
DNS reagent were mixed and boiled for 5 min, followed by a cool
down process. The absorbance of the reaction mixture was
measured at 550 nm by UV-reader (Bio-Tek, Winooski, VT) which
glucose was used as reference. Total phenolic content in the K-1
extract was assessed by Folin-Ciocalteu approach [5]. K-1 extract
dissolved in 1 mL methanol was mixed with 10% sodium carbonate
for 3 min. Then, 1 mL of Folin-Ciocalteu reagent was incubated for
30 min. Total phenolic content of the GB samples was measured
using UV-reader at 750 nm and determined based on calibration
curves with gallic acid as reference. Acidic polysaccharides were
analyzed with the extraction of 1 g K-1 in DWat 80 �C for 1 h. Then,
ethanol was added and retained for reaction in 4 h periods to
isolate polysaccharides from the mixture. Then, centrifugation,
removal of supernatant, and evaporation at 40 �C. Acidic poly-
saccharides were measured by the m-hydroxydiphenyl method
[30], which 0.2 mL of the sample was mixed with 1.2 mL of
tetraborate-H2SO4 (12.5 mM) at 100 �C for 5 min. Finally, 20 mL of
m-hydroxydiphenyl reagent was added and total polysaccharides
were measured with UV-vis spectrophotometer at 550 nm.
2.4. Cell culture and viability assay

B16, and RAW 264.7 cells were incubated in DMEM supple-
mented with 10% FBS and 1% penicillin-streptomycin (100 � ) at 37
�C with a 95% humidified air and 5% CO2 atmosphere [2]. Cell
proliferation was executed via an MTT approach [31]. After cells
were treated for 24 h, 100 mL of 0.5 mg/mL MTT reagent was added
and cultured at 37 �C for additional 3 h. Next, 100 mL of DMSO was
added and measurement of absorbance at 595 nm using Spec-
traMax ® ABS Plus microplate reader (Molecular Devices, San Jose,
California, USA).
2.5. Cellular melanin content and tyrosinase activity assay

B16 cells were treated with a-MSH (100 nM), GK-1, BGK-1 (25
and 50 mg/mL) extracts for 72 h. The concentration ofmelanin in the
B16 cells was assessed [32]. Cells were collected and the pellet was
then solubilized in 500 mL of NaOHwith 10% DMSO at 80 �C for 1 h.
The absorbance was assessed at 475 nm using a microplate reader.
The standard curve for synthetic melanin (0e500 mg/mL) was
prepared in which the melanin production is presented as a per-
centage of the untreated control.

The activity of tyrosinase was measured using L-DOPA oxidative
enzyme activity approach [32]. After B16 cells were treated, cells
lysis with PBS containing 1% Triton X-100, and freeze-thawing
at �80 �C for 15 min. After centrifugation at 12,000 rpm for 15
min, 10 mL of 15 mM L-DOPA was added to 90 mL of the lysate su-
pernatant and incubated at 37 �C for 1 h. The tyrosinase activity was
then evaluated absorbance at 475 nm by a microplate reader.
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2.6. Measurement of NO and ROS production

The production of NO was determined by measuring nitrite
levels with the Griess reagent [33]. RAW 264.7 cells were pre-
treated with different concentrations of GK-1, BGK-1 extract
(25e100 mg/mL) or 1mMdexamethasone (DEX). After 1 h, cells were
stimulated with 1 mg/mL of LPS. After 24 h incubation, the super-
natant was mixed with the same volume of Griess reagent. NO
levels were then determined using a microplate reader at 520 nm,
and sodium nitrite concentrations were calculated by referencing a
standard curve.

Intracellular accumulation of ROS was measured by executing
cultivation in black 96-well plates. After RAW 264.7 cells were
treated, 10 mM 5-chloromethyl-2,7-dichlorodihydrofluorescein
diacetate were incubated for 30 min under the dark condition.
Intracellular ROS generation was assessed and analyzed using a
FLUO star OPTIMA fluorometer (BMG Labtech Inc.). The excitation
and emission wavelengths were 485 nm and 535 nm, respectively.
Cellular ROS Detection Analysis Kit was applied (Cambridge, MA,
USA) were used to further confirm intracellular ROS generation.
Raw 264.7 cells treated with GK-1 and BGK-1 for 24 h. 0.4 mL/mL of
oxidative stress detection and superoxide detection reagents were
added in cells. After 30 min stationed, fluorescence was measured
by a laser scanning microscope (Leica, Wetzlar, Germany) and
quantified using Image J software.

2.7. Immunofluorescence staining

The effect of GK-1 and BGK-1 on nuclear translocation of NF-kB
p65 was assessed by immunofluorescence analysis. Raw 264.7 cells
were fixed with 4% paraformaldehyde and permeabilization using
0.1% Triton X-100 for 20 min, then blocked with 2% BSA for 1 h. The
antibodies of NF-kB p65 (1:500) were incubated for 3 h followed by
30 min incubation with fluorescein isothiocyanate (FITC)-conju-
gated secondary antibody. Nuclei were applied for Hoechst 33258
reagent, and fluorescence was snapped using a Leica fluorescence
microscope and quantified using Image J software.

2.8. Quantitative reverse transcription-polymerase chain reaction
(qRT-PCR)

Total RNA was obtained from RAW264.7 cells following a Trizol
reagent kit instruction (Invitrogen, Carlsbad, CA, USA). First, 500 ng
of total RNA was reverse transcribed with amfiRivert cDNA Syn-
thesis Platinum Enzyme Mix (GenDEPOT, Katy, TX, USA). The re-
action was performed at 60 �C for 1 min, 25 �C for 5 min, followed
by 45 �C for 45 min, finally heating to 85 �C for 1 min using the
CFX96TM Real Time RT-PCR System with SYBR PremixExTaqTM II
(TaKaRa). qRT-PCR was performed using 50 ng cDNA in a 20 mL
reaction volume using amfiSure qGreen Q-PCR Master Mix (Gen-
DEOT, TX, USA). Gene-specific inflammatory-related primer se-
quences used for qRT-PCR are listed in Table S1. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was used to normalize the
expression level of inflammatory genes.

2.9. Western blot

GK-1 or BGK-1 extracts 50 and 100 mg/mL were incubated along
with the LPS for 24 h. Cell pellets were harvested and lysed using a
cell RIPA lysis buffer for 1 h, then centrifuged (12,000 rpm for 20
min). The protein concentration was quantified using the Bradford
reagent (Sigma-Aldrich Co.). Hereby, an equal amount (50 mg) of
total protein was loaded and resolved in 10% SDS-PAGE using an
Invitrogen 2 mini electrophoresis tank system. Finally, it was
transferred onto a PVDF membrane using iBlot™ 2 Gel Transfer
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Device (Thermo Fisher Scientific, Massachusetts, USA). After 1 h of
membrane blocking with 5% skim milk or BSA solution, the blots
were incubated overnight with IkBa, p-IkBa, NF-kB p65, p-NF-kB
p65 and b-actin at 4�C. The membranes were incubated with sec-
ondary antibodies for 1 h. Finally, signals were captured withWest-
Q pico Emitter Coupled Logic substrate (GenDEPOT, Texas, USA) and
exposed to a Molecular Imager Gel DocTM XR þ system (Bio-Rad
Laboratories, Hercules, CA, USA). Protein band intensities were
measured by Image J software.

2.10. Statistical analysis

All results were carried out in a triplicate manner and presented
in the form of mean ± standard error of the mean (SEM). Statistical
comparison between different treatments was assessed using the
Student’s t-test. #P < 0.05, ##P < 0.01, and ###P < 0.001 vs. control,
and P < 0.05, *P < 0.01, and **P < 0.001 vs. a-MSH/LPS-stimulated
control were indicated as statistically significant.

3. Results and discussion

3.1. Ginsenosides composition of different cultivars

Ginsenoside compositions in different ginseng berry cultivars
were determined by HPLC analysis (Fig. 1A). As shown in Fig 1, K-1
has the highest total ginsenoside content (3.5 mg/g) among the
available cultivars and Re was identified as the most abundant
ginsenoside (Fig. 1B). Kumpoong (yellow berries) contained the
highest Rg1 amongst other cultivars (Fig. 1B), but lowest Re among
the others. Such finding has been supported by Yoon et al [9]. Anti-
inflammatory activity of Kumpoong and K-1 were identified with
the effect of LPS-induced NO production in RAW 264.7 cells.
Negative cytotoxic effects were reported in the cell viability result
(Fig. 1C) of Kumpoong and K-1 at the range below 100 mg/mL for
both before and after biological transformation. Besides, bgp1-
fermentation of Kumpoong and K-1 extract would efficiently
enhance the suppression of LPS-stimulated NO production in every
concentration (Fig. 1D). Notably, K-1 shows a better reduction effect
of NO generation than that of Kumpoong. Therefore, K-1 cultivar
was selected for further examination of its beneficiary properties.

3.2. Chemical composition comparison of K-1 for 4- and 5-years-
old plant

K-1 berries that harvested between the 1st e 9th weeks after
flowering and its granular form is shown in Fig. 2A. The weight of
the harvested berries along the growth periods can be referred to
Fig. 2B. Growth trend of ginseng roots during the harvest period is
shown in Fig. 2C. Interestingly, the ratio of ginseng root weight
started to increase at 3rd (þ1.6%) and 4th (þ1.0%) week after the
decrement ratio (�1.4%) reported in 2ndweek. Till then, the weight
of the ginseng roots decreased from 5th week onwards and ach-
ieved the peak decrement (�8.3%) in 9th week. In short, appro-
priate harvest timeline for 4- and 5-years old green berries by
considering high biological activity and least influence of ginseng
roots’ biomass are reported at 3rd and 2nd week, respectively. As
per result of HPLC analysis (Fig. 2D), highest total ginsenosides
content, especially Re (marked with yellow star) in both 4-and 5-
years-old plants were reported at 3rd week and 2nd week,
respectively. Nonetheless, in-house library of 63 ginsenosides for
the K-1 ginsenosides profiling including name, exact mass, [M-H],
[ESI-2], and [ESI-2] of each compound were developed with
UNIFI software (version 1.7.1; Waters Corp., Milford, MA, USA).
There are including 36 PPD types of ginsenosides, 25 PPT kinds of
ginsenosides, and 2 Oleanolic (Table 1). The structures of all 63
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types of ginsenoside based on the mass data were shown in Fig. S2.
Surprisingly, the new cultivar of K-1 presented 38 more ginseno-
sides types than other cultivars (Chunpoong, Chungsun, Kum-
poong, Yunpoong, Yunpoong, Gopoong, Sunwon, and Sunun) by
QTOF/MS analysis [9].

Main bioactive constituents of K-1 which possess excellent
pharmacological properties are reported with reducing sugars,
flavonoids, phenolics, and acid polysaccharide [6,7,30]. Apart from
that, organic acids, 5-C sugars and most of the ginsenosides were
abundant during the pre-harvest (GGB) stages [34]. However, fla-
vonoids and phenolic compounds would accumulate at higher
levels in the later harvest/post-harvest stage. The concentration of
reducing sugars were reported in the range of 15-20 mg/g (Fig. S1
A). Total flavonoid content (Fig. S1 B) in ripe berries (9th week)
from 4-year-old plants was most abundant (160 mg/g). The
amounts of total phenolics (Fig. S1 C) and acid polysaccharide
(Fig. S1 D) were highest in the first 3 weeks of harvest period.
Whereas, the highest total content of reducing sugars (Fig. S1 E)
and acid polysaccharide (Fig. S1 H) for K-1 were reported at 2nd
week for 5-year-old plants. The total flavonoids (Fig. S1F) and
phenolic (Fig. S1G) were most abundant in the last 2 weeks of
harvest period. In summary, K-1 from 5-year-old plants harvested
during the 2nd week (unripe berries) contained the highest
amount of total ginsenosides, reducing sugars, and acid poly-
saccharide. On the other hand, the total content of flavonoids and
phenolic was highest in the last 2 weeks of harvesting period.

3.3. Ginsenoside alteration from Re to Rg2 in GK-1

As reported previously, Rg2 showed stronger neuro-protective
[35] and obesity prevention [16] properties as compared to Re.
Therefore, researchers were tempted to convert Re into the minor
forms [1,36]. Several methods were proposed for Re deglycosyla-
tion into Rg2 including chemical [14], microbiological [37], physical
[15], and heating [1]. However, most of the aforementioned
methods have undesirable side effects. Herein, enzymatic conver-
sion that discovered and proven previously are capable to address
these side effects [18]. Therefore, bioconversion processes using the
recombinant b-glucosidase (bgp1) were applied to convert Re into
Rg2 through hydrolysis of glucose unit at C-20 position.

Ginsenoside bioconversion of Rg2 from Re via bgp1 fermenta-
tion (Fig. 2E and F) were executed from 2 different sample including
3rd and 2nd week of berries harvested from 4- and 5-years-old
plants, respectively. Ginsenoside profiles were then analyzed with
TLC and HPLC to validate the transformation after bgp1 biocon-
version. In the TLC results (Fig. 2G), bands of Re on the plate
decreased remarkably after biotransformation and the color band
of the Rg2 is apparently deeper than that of the native ginsenoside
Rg2. Whereas such result is validated by those reported in previous
study by Huq et al [16]. In the HPLC results (Fig. 2H and I), the peak
of Re almost disappeared after bgp1-fermentation and the Rg2
peak increased remarkably.

3.4. Whitening effect of GK-1 and BGK-1 in B16 cells

Melanin plays an essential role in protecting skin against the
harmful effects of solar radiation, but it’s abnormal accumulation
would lead to melasma and age spots [38]. Generally, melanogen-
esis is initiated by tyrosinase-catalyzed oxidation process [39].
Herein, cytotoxicity of GK-1 and BGK-1 extracts in B16 cells after 24
h exposure were evaluated with MTT. In results, there were no
significant cytotoxic effect reported at any treatment concentration
in B16 cells (Fig. 3A). Hereby, whitening effects were examinedwith
the melanin and tyrosinase after GK-1 and BGK-1 treatment in a-
MSH-challenged cells. As for melanin production, dosage



Fig. 1. Physicochemical properties and anti-inflammatory effect of biotransformed ginseng berries. 7 types of ginseng cultivar’s ginsenosides contents were determined via HPLC
along with Morphological characteristics (A); Total available ginsenoside concentrations in ginseng berries (B). RAW 264.7 cells incubation with various concentrations of Kum-
poong and K-1 extracts before exposure to 1mg/mL of LPS for 24 h (C); NO production (D). Data are expressed as the mean ± SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001 vs. control.
P < 0.05,*P < 0.01, and**P < 0.001 vs. LPS-treated control.
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dependencies were reported with significant reduction (Fig. 3B).
Suppression effect of the treatment with 25 and 50 mg/mL of GK-1
and BGK-1 extracts shows higher suppression effect as compared to
arbutin treatment at 50 mg/mL. Whereby, BGK-1 extract was re-
ported with higher effectiveness in reducing cellular melanin
content than that of GK-1 extract at both concentrations. On the
other hand, cellular tyrosinase activity increased significantly solely
with a-MSH while comparing with other untreated cells. However,
GK-1 and BGK-1 extracts treatment would significantly suppress
the increase of a-MSH-caused tyrosinase activity. BGK-1 extracts
were reported with effective suppression of intracellular tyrosinase
activity while compared to GK-1 extract at 25 and 50 mg/mL
(Fig. 3C). Therefore, GK-1 was suggested as potential therapeutic
option to suppress a-MSH-stimulated melanin production.
635
3.5. NO production and iNOS gene expression

Cytotoxicity of RAW 264.7 cells after treatment were tested with
indicated concentrations of GK-1 and BGK-1 extract (25e100 mg/
mL) via MTT. In return, GGB extract did not exhibit any significant
cytotoxic effect on RAW 264.7 cells in the maximum range of 100
mg/mL (Fig. 4A). Then, effect of GK-1 and BGK-1 that stimulated by
LPS on NO production and iNOS gene expression were examined.
Whereby, NO is commonly identified as activator that synthesized
by nitric oxide synthases. As shown in Fig. 4B, LPS would signifi-
cantly increase the NO production in RAW 264.7 cells. Both GK-1
and BGK-1 extracts show only slight inhibition on the LPS-
induced NO production at 25 mg/mL. However, it then shows
remarkable suppression from 50 mg/mL to 100 mg/mL (P < 0.01) in
dosage-dependent manner. Notably, BGK-1 extract shows better



Fig. 2. [ I ] Physical properties of K-1 berries in different growth periods along with K-1’s available ginsenoside contents comparison between 4- and 5-year-old plants. [ II ]
Ginsenosides bioconversion in GK-1 and transformation scheme of Re by bgp1-treatment. granular form of K-1 from 1st e 9th week (A); Weight of ginseng berries (B); Ginseng root
biomass profile (C); Ginsenoside profiles and content in K-1 from 4-years and 5-years old plants (D). -Glc: D-glucopyranosyl, -Rha: L-rhamnopyranosyl (E); Three dimensional
structure of bgp1 (F); TLC profiles of Re and Rg2 in GK1 and BGK-1 (G); HPLC profiles of Re and Rg2 in GK1 and BGK-1 from 4-year-old plants (H); HPLC profiles of Re and Rg2 in GK1
and BGK-1 from 5-year-old plants (I).
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Table1
In-house Library of 63 ginsenosides Created Using QTOF/MS data

Type Name Exact mass [M-H] [ESI-2] [ESIþ44] Type Name Exact mass [M-H] [ESI-2] [ESIþ44]

PPD Compound K 622.44447 621.43664 620.64 666.44 PPT ginsenoside A1 800.49221 799.48438 798.69 844.49
PPD ginsenoside F2 784.49729 783.48946 782.70 828.50 PPT ginsenoside F1 638.43938 637.43155 636.64 682.44
PPD ginsenoside I 978.53995 977.53212 976.74 1022.54 PPT ginsenoside F3 800.49221 799.48438 798.69 844.49
PPD ginsenoside La 782.48164 781.47381 780.68 826.48 PPT ginsenoside F4 766.48673 765.47890 764.69 810.49
PPD ginsenoside Mc 786.45880 785.45097 784.66 830.46 PPT ginsenoside Ia 800.49221 799.48438 798.69 844.49
PPD ginsenoside Ra1 1126.62955 1125.62172 1124.83 1170.63 PPT ginsenoside Re 946.55012 945.54229 944.75 990.55
PPD ginsenoside Ra2 1210.63463 1209.62680 1208.83 1254.63 PPT ginsenoside Rf 800.49221 799.48438 798.69 844.49
PPD ginsenoside Ra3 1256.64011 1255.63228 1254.84 1300.64 PPT ginsenoside Rg1 800.49221 799.48438 798.69 844.49
PPD ginsenoside Rb1 1108.60294 1107.59511 1106.80 1152.60 PPT ginsenoside Rg2 784.49729 783.48946 782.70 828.50
PPD ginsenoside Rb2 a-L-arabinose 1078.59237 1077.58454 1076.79 1122.59 PPT ginsenoside Rg8 798.47656 797.46873 796.68 842.48
PPD ginsenoside Rb3 1064.57672 1063.56889 1062.78 1108.58 PPT ginsenoside Rh1 638.43938 637.43155 636.64 682.44
PPD ginsenoside Rc 1078.59237 1077.58454 1076.79 1122.59 PPT ginsenoside Rh4 620.42882 619.42099 618.63 664.43
PPD ginsenoside Rd2 916.53955 915.53172 914.74 960.54 PPT ginsenoside Rk3 620.42882 619.42099 618.63 664.43
PPD ginsenoside Rg3 784.49729 783.48946 782.70 828.50 PPT gynosaponin TN-1 654.43430 653.42647 652.63 698.43
PPD ginsenoside Rg5 766.48673 765.47890 764.69 810.49 PPT gypenoside I-EH 1108.60294 1107.59511 1106.80 1152.60
PPD ginsenoside Rh2 622.44447 621.43664 620.64 666.44 PPT kroyoginsenoside R1 868.51842 867.51059 866.72 912.52
PPD ginsenoside Rk1 766.48673 765.47890 764.69 810.49 PPT notoginsenoside H 948.52938 947.52155 946.73 992.53
PPD ginsenoside Rs1 1136.59785 1135.59002 1134.80 1180.60 PPT notoginsenoside J 818.50277 817.49494 816.70 862.50
PPD ginsenoside S 946.55012 945.54229 944.75 990.55 PPT notoginsenoside R1 932.53447 931.52664 930.73 976.53
PPD gynosaponin I 946.55012 945.54229 944.75 990.55 PPT notoginsenoside R2 770.48164 769.47381 768.68 814.48
PPD gynosaponin M 784.49729 783.48946 782.70 828.50 PPT notoginsenoside R3 946.55012 945.54229 944.75 990.55
PPD kroyoginsenoside R2 1124.59785 1123.59002 1122.80 1168.60 PPT notoginsenoside R8 654.43430 653.42647 652.63 698.43
PPD malonyl ginsenoside Rb2 1194.60333 1193.59550 1192.80 1238.60 PPT notoginsenoside R9 654.43430 653.42647 652.63 698.43
PPD malonyl ginsenoside Rc 1164.59277 1163.58494 1162.79 1208.59 PPT notoginsenoside ST-1 654.43430 653.42647 652.63 698.43
PPD malonyl ginsenoside Rd 1048.54542 1047.53759 1046.75 1092.55 PPT pseudoginsenoside F8 1136.59785 1135.59002 1134.80 1180.60
PPD malonyl ginsenoside Rd1 1194.60333 1193.59550 1192.80 1238.60 Oleanolic ginsenoside RO 956.49808 955.49025 954.70 1000.50
PPD notoginsenoside A 1124.59785 1123.59002 1122.80 1168.60 Oleanolic ginsenoside ROA 1118.55090 1117.54307 1116.75 1162.55
PPD notoginsenoside B 1094.55090 1093.54307 1092.75 1138.55
PPD notoginsenoside C 1140.59277 1139.58494 1138.79 1184.59
PPD notoginsenoside E 978.53995 977.53212 976.74 1022.54
PPD notoginsenoside Fe 900.54464 899.53681 898.74 944.54
PPD notoginsenoside G 960.52938 959.52155 958.73 1004.53
PPD notoginsenoside I 1092.60802 1091.60019 1090.81 1136.61
PPD notoginsenoside ST-2 830.50277 829.49494 828.70 874.50
PPD notoginsenoside ST-3 830.50277 829.49494 828.70 874.50
PPD notoginsenoside ST-5 916.53955 915.53172 914.74 960.54

Fig. 3. Whitening effect of GK-1 and BGK-1 in B16 cells which incubated in different concentrations (5 to 50 mg/mL) with 100 nM a-MSH for 72 h. Cell viability was determined by
MTT assay. Cytotoxicity in B16 melanoma cells (A); Melanin content (B); Tyrosinase activity assay (C). Data are presented as the mean ± SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001
vs. control. P < 0.05, *P < 0.01, and **P < 0.001 vs. a-MSH -stimulated control.
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Fig. 4. Inflammation suppression of GK-1 and BGK-1 in distinct treatment concentration on RAW 264.7 cells with different LPS mode (1 mg/mL) for 24 h. Cytotoxicity in RAW 264.7
cells (A); Production of NO (B); iNOS gene expression via qRT-PCR (C); ROS generation assay (D); Oxidative stress detection (E) and superoxide detection (F) via immunofluorescence
staining; ROS and Mito-SOX fluorescence intensity (G). Data are expressed as the mean ± SEM. #P < 0.05, ##P < 0.01, and ###P < 0.001 vs. control. P < 0.05,*P < 0.01, and**P < 0.001
vs. LPS-treated control.
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reduction of NO production than GK-1 extract at both 50 mg/mL and
100 mg/mL.

iNOS which regulated by stimulated cytokines were reported
with active involvement in immune response that would catalyze
NO production [40]. As reported previously, iNOS expression
increment would induce transcriptional activation in RAW 264.7
cells [41]. Therefore, management of NO and iNOS levels is essential
for anti-inflammation. In our study, production of iNOS
638
accumulation by LPS in RAW 264.7 cells were assessed by qRT-PCR
analysis. LPS shows remarkable increase of iNOS gene expression in
RAW 264.7 cells (Fig. 4C). Whilst, iNOS production was inhibited
when RAW 264.7 cells were treated with GK-1 and BGK-1 (50 and
100 mg/mL). Overall, BGK-1 extract was more effective in reducing
iNOS gene expression than that of GK-1 extract at both concen-
trations aforementioned.



Fig. 5. Inflammation suppression of GK-1 and BGK-1 in distinct treatment concentration on RAW 264.7 cells with different LPS mode (1 mg/mL) for 24 h. Immunofluorescence
analysis of NF-kB p65 nuclear translocation (A): RAW 264.7 cells were stained with anti-p65-NF-kB (green), nucleus was stained with Hoechst 33258 (blue), and merge image
represented p65 nuclear transfer; NF-kB fluorescence intensity (B); Western blot analysis on the expressions of IkBa, p-IkBa, NF-kB and p-NF-kB (C); Bands intensity value were
quantified and normalized to the corresponding b-actin: p-IkBa and IkBa (D); p-NF-kB/NF-kB (E). Genes expression evaluation in LPS-challenged RAW 267.4 cells via qRT-PCR: NF-
kB gene expression (F); TNF-a gene expression (G); IL-1b gene expression (H); IL-6 gene expression (I). Data are expressed as the mean ± SEM. #P < 0.05, ##P < 0.01, and
###P < 0.001 vs. control. P < 0.05,*P < 0.01, and**P < 0.001 vs. LPS-treated control.
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3.6. ROS production

ROS is an important regulator of intracellular signaling and
homeostasis with chemically reactive molecules with oxygen.
Generally, ROSwould accumulate during the exposure of LPS which
leads to critical cell damage [42]. Therefore, examinations were
carried out on both LPS-induced GK-1 and BGK-1 extracts on ROS
production inhibition. In result, LPS shows remarkable increment of
ROS production compared with untreated control, and over-
productionwas significantly suppressed by treatment with the GK-
1 and BGK-1 extracts in concentration dependent manner (p < 0.05
or p < 0.01). Generally, BGK-1 extract shows superior reduction
effect of ROS generation at any concentration as compared to GK-1
extract (Fig. 4D). Yet, the DEX (1 mM) group increased the ROS and
superoxide generation as compared to the control group. The
finding was further supported by previous studies [43,44]. Notably,
NO generationwas reportedwith slight reductionwith the increase
of intracellular ROS levels after Dex (1 uM) group, which the result
was aliased with previous studies [45,46]. Conclusively, GK-1 and
BGK-1 could inhibit LPS-challenged ROS accumulation in macro-
phages. The staining of ROS (Fig. 4E) and superoxide generation
(Fig. 4F) along with the fluorescence intensity (Fig. 4G) are
presented.

3.7. Activation inhibition of NF-kB signaling pathway

NF-kB dimer is bound within its inhibitory protein IkBa in the
cytoplasm which the phosphorylated IkBa is ubiquitinated and
degraded once stimulated by LPS, followed by nuclear translocation
of NF-kB occurs, which leads to the transcription of inflammation
genes such as TNF-a, IL-1b, and IL-6 [40]. According to the molec-
ular mechanism from previous studies, phosphorylated and
degraded IkBa would lead to the rise towards the activation of NF-
kB in LPS-induced RAW 264.7 cells [26,27]. The immunofluores-
cence staining of NF-kB (Fig. 5A) and its respected intensity (Fig. 5B)
are shown. Hereby, LPS stimulated cells showed remarkable
induced of phosphorylated IkB-a which indicates degradation of
IkB-a and NF-kB complex and inflammatory target genes. However,
treatment with GK-1 and BGK-1 extracts decreased with degrada-
tion of IkB-a and NF-kB complex by inhibiting the phosphorylation
of these 2 genes (Fig. 5CeE) and inflammatory target genes such as
TNF-a, IL-1b, and IL-6 (Fig. 5FeH). In addition, BGK-1 extract was
found to be more effective to suppress inflammatory than GK-1
extract at both 50 mg/mL and 100 mg/mL. Therefore, the GK-1 and
BGK-1 extracts are concluded with the anti-inflammation
properties.

4. Conclusion

Feasible harvesting time for ginseng berries without negatively
affecting the root biomass is suggested as according to: 3rd week
for 4 year and 2nd week for 5 year old ginseng. The ginsenoside Re
extracted from new cultivar K-1 green berries can be transformed
into more pharmacologically active Rg2 using recombinant b-
glucosidase (bgp1). Our results have clearly indicated that bgp1-
biotransformed green K-1 berries (BGK-1) can suppress tyrosinase
and melanin content in a-MSH-stimulated B16 cells and are
comparativelymore effective than that of the original GK-1.We also
validated that the anti-inflammatory effect of GK-1 and BGK-1 ex-
tracts was thought to work by inhibiting NO, ROS production, and
NF-kB activation, followed by inflammatory genes such as TNF-a,
640
IL-1b, and IL-6 in LPS-challenged RAW 264.7 cells. In summary,
bgp1-biotransformed green ginseng berries of new cultivar K1 have
increased the whitening effect on skin cells and enhanced the anti-
inflammatory activity dramatically by reducing NF-kB-mediated
inflammation.
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