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Background: The biological activities of ginseng saponins (ginsenosides) are associated with type,
number, and position of sugar moieties linked to aglycone skeletons. Deglycosylated minor ginsenosides
are known to be more biologically active than major ginsenosides. Accordingly, the deglycosylation of
major ginsenosides can provide the multibioactive effects of ginsenosides. The purpose of this study was
to transform ginsenoside Rb2, one of the protopanaxadiol-type major ginsenosides, into minor ginse-
nosides using b-glycosidase (BG-1) purified from Armillaria mellea mycelium.
Methods: Ginsenoside Rb2 was hydrolyzed by using BG-1; the hydrolytic properties of Rb2 by BG-1 were
also characterized. In addition, the influence of reaction conditions such as reaction time, pH, and
temperature, and transformation pathways of Rb2, Rd, F2, compound O (C-O), and C-Y by treatment with
BG-1 were investigated.
Results: BG-1 first hydrolyzes 3-O-outer b-D-glucoside of Rb2, then 3-O-b-D-glucoside of C-O into C-Y. C-Y
was gradually converted into C-K with a prolonged reaction time, but the pathway of Rb2 / Rd / F2 /

C-K was not observed. The optimum reaction conditions for C-Y and C-K formation from Rb2 by BG-1
were pH 4.0e4.5, temperature 45e60�C, and reaction time 72e96 h.
Conclusion: b-Glycosidase purified from A. mellea mycelium can be efficiently used to transform Rb2 into
C-Y and C-K. To our best knowledge, this is the first result of transformation from Rb2 into C-Y and C-K by
basidiomycete mushroom enzyme.
� 2017 The Korean Society of Ginseng, Published by Elsevier Korea LLC. 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, the root of Panax ginseng Meyer, contains various
bioactive components, such as ginsenosides, polyacetylenes,
phenolic acids, and polysaccharides [1e3]. Among these com-
pound classes, ginsenosides are known as the major active
compounds, and dammarane-type ginsenosides in ginseng are
divided into two groups according to attached position and
number of hydroxyl groups in dammarane-type skeletons, i.e.,
protopanaxadiol (PPD)-type and protopaxatriol-type [3,4]. A few
ginsenosides including Rb1, Rb2, and Rc constitute nearly 80e90%
of the total ginsenosides of ginseng [5]. However, the absorption
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of these major ginsenosides in human intestine is known to be
poor because of large molecular size, low water solubility of hy-
drophobic aglycones, and poor permeability through the cell
membrane [6,7]. Meanwhile, the human intestinal bacterial me-
tabolites, i.e., minor ginsenosides, such as compound O (C-O), C-Y,
C-Mc, C-Mc1, and C-K, which are nearly absent in unprocessed
ginseng, are more easily absorbed into the bloodstream [8,9].
Previous studies reported an attempt to convert major ginseno-
sides into minor ginsenosides by physical and chemical tech-
niques [10e12], microbial [13,14] or enzymatic transformations
[5,14]. In particular, minor ginsenosides could be prepared by
crude microbial preparations or purified b-glycoside hydrolases
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from major ginsenosides, which were easily obtained from un-
processed extract [5,13].

Recently, biological effects of C-K, such as anti-inflammatory,
anticarcinogenic, antiangiogenesis, antiaging, antidiabetic, and
hepatoprotective activities, have been reported [14,15], but rela-
tively little is known about the bioactivity of C-Y [16]. However,
duringmicrobial or enzymatic biotransformation of ginsenosides, it
is difficult to stop the hydrolysis of Rb2 at the stage of C-O or C-Y
formation because C-O or C-Y can be further transformed into C-K.
Furthermore, the application of some ginsenoside-hydrolyzing b-
glycosidases has a serious limitation in that they have poor activ-
ities against Rb2, which possess a-L-arabinopyranosidic linkage
[13]. Therefore, it is very useful to search for Rb2-hydrolyzing b-
glycosidases having a good regioselectivity and a high yield. Our
attention has been focused on the transformation of major ginse-
nosides into minor ginsenosides by glycoside hydrolases secreted
from basidiomycetes mycelia. In previous studies [17,18], we found
that minor ginsenosides, C-K and C-Mc, could be efficiently pro-
duced from Rb1 and Rc by a crude enzyme extract or purified b-
glycosidase from Armillaria mellea mycelium. Rb2 has a-L-arabi-
nopyranosidic linkage different from Rb1 (b-D-glucosidic) and Rc
(a-L-arabinofuranosidic) at the C-20 outer position of the aglycone.
Therefore, we report on the biotransformation of Rb2 using b-
glycosidase (BG-1) purified from A. mellea mycelium.
S Rb2 AM GL PB GA PO
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Fig. 2. TLC analysis of reaction products of Rb2 and ammonium sulfate (30e80%)
precipitates from mushroom mycelia. The reaction mixture contained Rb2 (2.0 mg)
and ammonium sulfate (30e80%) precipitate containing 1.5 U as a b-glucosidase in 1.0
mL of 0.2M acetate buffer (pH 4.5), and distilled water to make a final volume of 2.0 mL
was incubated for 96 h at 45�C, respectively. After heating for 10 min in boiling water,
the reaction mixture was extracted with water-saturated n-butanol (2.0 mL � 2) and
concentrated. The residue was dissolved in methanol (1.0 mL). S, ginsenoside standard
mixture; AM, Armillaria mellea; GL, Ganoderma lucidum; PB, Phellinus baumii; GA,
Ganoderma applanta; PO, Pleurotus ostreatus.
2. Materials and methods

2.1. Materials

Individual ginsenoside standards and the standard mixture
(Rb1, Rb2, Rc, Rd, Rg3, F2, Rh2, C-K) were provided by the Korea
Ginseng Corporation Research Institute (Daejeon, South Korea). C-Y
and C-O were provided by Professor Tae-Hoo Yi (Department of
Oriental Medicinal Materials and Processing College of Life Science,
Kyung-Hee University, Yongin, South Korea). Ginsenoside Rb2 was
also isolated from white ginseng roots [19]. p-Nitrophenol and p-
nitrophenyl-b-D-glucopyranoside were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). Silica gel 60 (70e230 mesh) for
Fig. 1. Two main pathways of the transformation of ginsenoside Rb2 by microbial glycos
compound Y; Glc, b-D-glucopyranosyl.
column chromatography and silica gel 60 F254 TLC plates were
purchased from Merck Co. (Darmstadt, Germany). HPLC-grade
distilled water and acetonitrile were purchased from J.T. Baker
(Center Valley, PA, USA). Other reagents (analytical grade) were
purchased from Daejung Chemicals & Metals Co. (Siheung,
Gyonggi-do, South Korea).
idases [13]. ara (p), a-L-arabinopyranosyl; C-K, compound K; C-O, compound O; C-Y,
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Fig. 3. Time course of transformation of Rb2 by b-glycosidase (BG-1) purified from
Armillaria mellea mycelium. The reaction mixture containing Rb2 (20 mg) and BG-1 (15
U) in 10.0 mL of 0.2M acetate buffer (pH 4.5), and distilled water to make a final
volume of 20 mL was incubated for 96 h at 45�C. The reaction mixture (2.0 mL) was
taken at different time intervals. After heating for 10 min in boiling water, the reaction
mixture was extracted with water-saturated n-butanol (2.0 mL � 2) and concentrated.
The residue was dissolved in methanol (1.0 mL). S, ginsenoside standard mixture.

Fig. 4. HPLC analysis of the transformation products of Rb2 by BG-1 with different reaction t
as in Fig. 3. The reaction mixture was taken at different time intervals (0, 12, 48, and 96 h)
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2.2. Production of mushroom mycelia and purification of
b-glycosidase from A. mellea mycelium

The strains of five mushoomsdA. mellea (KACC 50013), Gano-
derma lucidium (KACC 42231), Phellinus baumii (KACC 53719),
Ganoderma applanata (KACC 53688), and Pleurotus ostreatus (KACC
50356)dwere provided by the Korean Agricultural Culture
Collection (Suwon, Gyeonggi-Do, South Korea). Unless otherwise
stated, all procedures for mushroom mycelia production, prepara-
tions of crude enzymes (30e80% salt precipitates), and purification
of b-glycosidase from A. mellea mycelium were performed accord-
ing to the methods described in our previous studies [17,18].

2.3. Screening of ginsenoside Rb2-hydrolyzing activity using crude
enzyme preparations from mushroom mycelia

A reaction mixture containing Rb2 (2.0 mg) as a substrate and
each crude enzyme preparation (1.5 U as a b-glucosidase) con-
taining b-glycosidase activity in 1.0 mL of 0.2M sodium acetate
buffer (pH 4.5), and distilled water to make a final volume of 2.0 mL
was incubated for 96 h at 45�C, respectively. After heating for 10
min in boiling water, the mixture was extracted with water-
saturated n-butanol (2.0 mL � 2). The extract was concentrated
under reduced pressure, dissolved in methanol (1.0 mL).

2.4. Influence of reaction condition on transformation of
ginsenoside Rb2 by BG-1

For investigation of the time course of transformation of Rb2 by
BG-1, the reaction mixture containing Rb2 (20 mg), BG-1 enzyme
imes. The composition of the reaction mixture and the reaction conditions are the same
. C-K, compound K; C-O, compound O; C-Y, compound Y.



M.-J. Kim et al / Biotransformation of ginsenoside Rb2 507
(15 U), 10 mL of 0.2M acetate buffer (pH 4.5), and distilled water to
make a final volume of 20 mL was incubated for 96 h at 45�C. The
mixture (2.0 mL) during reaction was taken at different time in-
tervals and extracted with water-saturated n-butanol (2.0 mL � 2).
The extract was concentrated under reduced pressure, dissolved in
methanol (1.0 mL), and was subjected to TLC and HPLC analysis.
Reactionmixture (2.0mL) containing individual ginsenoside (Rd, F2,
C-O, or C-Y) in methanol (0.2 mL) and BG-1 (1.5 U) in 1.8 mL of 0.1M
acetate buffer (pH 4.5) were incubated for 96 h at 45�C. The reaction
mixturewas extractedwithwater-saturated n-butanol (2.0mL� 2).
The extract was concentrated to dryness under reduced pressure,
and the residue was dissolved in methanol (1.0 mL).

The influence of temperature and pH on transformation of Rb2
by BG-1 was investigated under the following conditions: tem-
perature range 30e70�C and pH range 4.0e9.0. Each reaction was
incubated for 96 h at 45�C.

2.5. General analytical methods

b-Glucosidase activity was assayed as described by Mfombep
et al. [20]. TLC, HPLC, and ultra-high performance liquid
chromatography-quadrupole time-of-flight mass spectrometry
(UPLC/Q-TOF-MS) analysis were performed as described in our
previous studies [17,18]. The relative ratio of the transformation
products in the reaction mixtures was calculated from the peak
Fig. 5. MS spectra (negative ion mode) of the transformation products of Rb2 by BG-1. The
sodium acetate buffer (pH 4.5) and was incubated for 24 h at 45�C. After heating for 10 mi
961.5005 [M-H þ HCOOH ]e; (B) C-Y m/z 799.4680 [M-H þ HCOOH]e; (C) C-K m/z 667.441
area percentages in HPLC analysis without considering the detector
response factor. HPLC analyses were performed in triplicate, and
the results are expressed as the mean � standard deviation.

3. Results

3.1. Biotransformation of ginsenoside Rb2 by BG-1

Microbial b-glycosidases hydrolyze Rb2 through two different
main pathways as shown in Fig. 1 [13]. One pathway is Rb2 / Rd
/ F2 / C-K and another pathway is Rb2 / C-O / C-Y / C-K. In
preliminary experiments, when crude enzyme preparations (30e
80% ammonium sulfate precipitate) obtained from five mushrooms
mycelia were incubated with Rb2 as a substrate, high Rb2-
hydrolyzing activity was only observed with enzyme preparation
from A. mellea, whereas other enzyme preparations showed very
weak hydrolytic activities against Rb2 (Fig. 2). Therefore, this result
demonstrated that A. mellea has the potential to be used to produce
minor ginsenosides from Rb2.

The sample was taken from the reaction mixture at different
time intervals during a 96-h reaction to investigate the trans-
formation pattern of Rb2 by BG-1, and analyzed by TLC and HPLC.
The TLC profile (Fig. 3) showed that Rb2 was gradually transformed
into three products having different Rf values with those of the
authentic standards. Rb2 was transformed into product 1 in the
reaction mixture (2.0 mL) contained Rb2 (2.0 mg) and BG-1 (1.5 U) in 2.0 mL of 0.1M
n in boiling water, the reaction mixture was analyzed by UPLC/Q-TOF-MS. (A) C-O m/z
5 [M-H þ HCOOH]e. C-K, compound K; C-O, compound O; C-Y, compound Y.
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initial stage of the reaction. After 72e96 h reaction, almost all of the
Rb2 and product 1 were transformed into products 2 and 3 (Fig. 4).
The mixture after 24 h reactionwas analyzed by UPLC/Q-TOF-MS to
determine the molecular weights of the products (Fig. 5). Product 1
showed a quasimolecular ion peak at m/z 961.5005 [M-
H þ HCOOH]e (molecular formula C47H80O17). Product 2 showed a
quasimolecular ion peak at m/z 799.4680 [M-H þ HCOOH]e (mo-
lecular formula C41H70O12), and product 3 showed a quasimolecular
ion peak at m/z 667.4415 [M-H þ HCOOH]e (molecular formula
C36H62O18). HPLC retention times and Rf values on TLC of products
were also consistent with those of the authentic standards, C-O, C-
Y, and C-K. These results suggested that BG-1 hydrolyzed b-soph-
orosyl moiety at the C-3 position of Rb2 to form C-Y via C-O, fol-
lowed hydrolysis for C-K formation at the a-(1 / 6)-
arabinopyranosidic linkage at the C-20 position with a prolonged
reaction time, but the transformation pathway of C-K formation via
Rd and F2 from Rb2 was not observed.
3.2. Influence of reaction conditions and substrate specificity

The enzymatic transformation of ginsenosides was highly
influenced by reaction conditions such as pH and temperature.
When the influence of pH on transformation of Rb2 by BG-1 was
Fig. 6. Influence of pH on the transformation of Rb2 by BG-1. The reaction mixture (2.0
mL), containing Rb2 (2.0 mg) and BG-1 (1.5 U) in 2.0 mL of buffer solution (0.1M), was
incubated for 96 h at 45�C at the given pH values (each at 0.1M); acetate (pH 4.0e5.5),
sodium phosphate (pH 6.0 and 7.0), TriseHCl (pH 8.0), and glycineeNaOH buffer (pH
9.0). Experiments were performed in triplicate, and results are shown as
mean � standard deviation. BG-1, b-glycosidase; C-K, compound K; C-O, compound O;
C-Y, compound Y.
investigated at broad pH range (pH 4.0e9.0), C-Yand C-K formation
reached their maxima in the range of pH 4.0e4.5 (Fig. 6). These
results indicate that the optimum pH range for the transformation
of Rb2 by BG-1 is between pH 4.0 and 4.5. Then the influence of
temperature was investigated in the range of 30e70�C. The trans-
formation of Rb2 was maximized at 40e55�C (Fig. 7).

The Rb2 molecule contains two b-D-glucopyranosyl moieties at
C-3 position and one a-L-arabinopyranosyl and one b-D-glucopyr-
anosyl moiety at C-20 position of aglycone skeleton. Therefore, Rb2
can be hydrolyzed by enzymes via more than one pathway. The
results from TLC and HPLC analysis showed that the biotransfor-
mation of Rb2 by BG-1 followed one pathway as shown in Figs. 3
and 4. BG-1 attacked the outer and inner b-glucosidic linkage
attached to the C-3 position of aglycone to form C-O and C-Y. To
investigate whether BG-1 showed the same specificity and
S-1   S-2   Rb2 BG-1  Rd  BG-1 C-O  BG-1   F2 BG-1  C-Y BG-1
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Fig. 8. TLC analysis of transformation products of Rb2, Rd, C-O, F2, and C-Y by BG-1.
The reaction mixture (2.0 mL), containing ginsenoside (each 2.0 mg) in methanol
(0.2 mL) and BG-1 (1.5 U) in 1.8 mL of 0.1M acetate buffer (pH 4.5), was incubated for
96 h at 45�C, respectively. BG-1, b-glycosidase; C-K, compound K; C-O, compound O;
C-Y, compound Y.

Fig. 7. Influence of temperature on the transformation of Rb2 by BG-1. The reaction
mixture (2.0 mL), containing Rb2 (2.0 mg) and BG-1 (1.5 U) in 2.0 mL of 0.1M acetate
buffer (pH 4.5), was incubated for 96 h at the given temperatures. Experiments were
performed in triplicate, and results are shown as mean � standard deviation. BG-1, b-
glycosidase; C-K, compound K; C-O, compound O; C-Y, compound Y.
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selectivity against glycosyl moieties attached to the C-3 and C-20
positions of other PPD-type ginsenosides, C-O, C-Y, Rd and F2 were
also used as substrates. C-O was transformed into C-Y by hydrolysis
of the glucosyl moiety at the C-3 position. When C-Y was used as a
substrate, BG-1 was also gradually transformed C-Y into C-K by
hydrolysis of the a-L-arabinopyranosidic linkage at the C-20 posi-
tion (Fig. 8). But Rd was transformed into C-K by way of F-2, formed
by hydrolysis of outer b-glucosyl linkage at the C-3 position (Fig. 9).

4. Discussion

By screening for mushrooms that have Rb2-hydrolyzing activity,
we found that a crude enzymatic preparation from A. mellea
mycelium can efficiently transform Rb2 into C-Y and C-K, whereas
crude enzymes prepared from other mushroom mycelia showed
very weak transformation activities against Rb2. These results
Fig. 9. Proposed transformation pathways of Rb2, C-O, C-Y, Rd and F2 by BG-1. The Rf value
BG-1, b-glycosidase; C-K, compound K; C-O, compound O; C-Y, compound Y.
demonstrate that b-glycosidases from other mushroom mycelia
used in this study could hardly hydrolyze the a-(1 / 6)-L-arabi-
nopyranosidic linkage at the C-20 position of Rb2. Previous studies
reported that contents of minor ginsenosides in red ginseng ex-
tracts or its by-products could be enhanced by fermentation with
some mushrooms [21e23]. However, the enhanced component in
fermented products bymushrooms used in previous studies was Rd
that was contained in unprocessed ginseng rather than minor
ginsenosides, The medicinal fungus Codyceps sinensis was also
shown to be capable of producing C-K from Rb1 [24].

Ginsenoside-hydrolyzing enzymes can be divided into four
categories, based on the hydrolyzing characteristics of glycosidic
linkages of ginsenoside molecules [25,26]. Interestingly, type Ⅲ
enzyme could selectively hydrolyze 3-b-sophorosyl and the outer
20-a-L-arabinopyranosidic linkages of Rb2 but not the inner 20-b-
D-glucosidic linkage [26]. BG-1 also attacked the b-sophorosyl
s on TLC of transformation products were compared with those of authentic standards.
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linkage bonded to the hydroxyl group at C-3 and the outer 20-a-L-
arabinopyranosidic linkage at C-20 to form C-Y via C-O in Rb2. C-Y
was also very slowly transformed into C-K over a prolonged reac-
tion time. However, the use of a large quantity of enzyme (BG-1)
may be necessary to rapidly transform C-Y into C-K, because BG-1
enzyme has a weak activity in hydrolyzing the outer 20-a-L-ara-
binopyranosidic linkage of the aglycone [18]. Meanwhile, when Rd
was used as a substrate, BG-1 transformed it into C-K via F2. These
results indicate that BG-1 has no hydrolyzing activity of the inner b-
glucosidic linkage bonded to the hydroxyl group at C-20 position of
Rb2. The transformation characteristics of BG-1 on Rb2 are similar
to those of previously published studies on Rb2 transformation by
b-glycosidases from gut bacteria [9,27], Sulfolobus acidocaldarius
[16], Microbacterium esteromaticum [28], Dictyoglomus turgidum
[29], Penicillium aculeatum [30], Penicillium oxalicum [31], Sangui-
bacter keddieii [32], recombinant Sphingomonas sp. [33], and crude
enzyme extracts from Aspergillus niger and Aspergillus usamii [34].

The optimum pH range for transformation of Rb2 into C-Yand C-
K by BG-1 was between 4.0 and 4.5. b-Glucosidase activities
secreted by white rot fungi such as A. mellea exhibited pH optima
between 3.5 and 5.0 [20]. The influence of pH on enzymatic
transformation of ginsenosides has been extensively investigated
using microbial enzymes isolated from various sources. These en-
zymes capable of transforming PPD-type ginsenosides showed
optimal activities in the range of pH 4.0e6.0 [13,14]. BG-1 exhibited
potent Rb2-transforming activity from 40�C to 55�C. Generally, the
optimum temperatures for ginsenoside-hydrolyzing enzymes from
human gut and soil bacteria are in the range of 37e45�C [13,14,33].
In recent years, even though many studies have reported the suc-
cessful transformation of major ginsenosides into more active mi-
nor ginsenosides, such as Rg3, F2, Rh2, C-Mc, C-Y, and C-K, using
various microbial enzymes, there have been relatively few studies
on the biotransformation of major ginsenosides by b-glycosidases
from basidiomycetes mushrooms. Interestingly, our results showed
that BG-1 transformed Rb2 into C-Y and C-K via the Rb2 / C-O /

C-Y and C-K pathway.
In conclusion, A. mellea b-glycosidase exhibited potent trans-

formation activity against Rb2. The incubation conditions for op-
timum transformation of Rb2 into C-Y and C-K were a reaction time
of 72e96 h, a pH of 4.0e4.5, and a temperature of 40e55�C. The
pathway for C-Y and C-K formation from Rb2 was Rb2/ C-O/ C-
Y, but the pathway Rb2 / G-Rd / G-F2 / C-K was not observed.
C-Y was also slowly hydrolyzed at a-(1 / 6)-arabinopyranosidic
linkage at the C-20 position to form C-K given a prolonged reaction
time. The results of the present study suggest that b-glycosidase
purified from A. mellea mycelium can be efficiently used to trans-
form Rb2 into C-Y and C-K.
Conflicts of interest

All contributing authors declare that they have no conflicts of
interest.
Acknowledgments

This work was supported in part by a Korea Government
Scholarship Program (J.U.).
References

[1] Attele AS, Wu JA, Yuan CS. Ginseng pharmacology: multiple constituents and
multiple actions. Biochem Pharmacol 1999;58:1685e93.

[2] Kim DH. Chemical diversity of Panax ginseng, Panax quinquifolium, and Panax
notoginseng. J. Ginseng Res 2012;36:1e15.
[3] Christensen LP. Ginsenosides: chemistry, biosynthesis, analysis, and potential
health effects. In: Taylor S, editor. Adv Food Nutr Res. Amsterdam: Elsevier;
2008. p. 1e99.

[4] Park JD, Rhee DK, Lee YH. Biological activities and chemistry of saponins from
Panax ginseng C. A. Meyer. Phytochem Rev 2005;4:159e75.

[5] Jin F, Yu H, Fu Y, An DS, Im WT, Lee ST, da Silva JAT. Biotransformation of
ginsenosides (ginseng saponins). Int J Biomed Pharmaceut Sci 2012;6:
33e44.

[6] Xu QF, Fang XL, Chen DF. Pharmacokinetics and bioavailability of ginseno-
side Rb1 and Rg1 from Panax notoginseng in rats. J Ethnopharmacol
2005;84:187e92.

[7] Yu K, Chen F, Li C. Absorption, disposition, and pharmacokinetics of saponins
from Chinese medicinal herbs: what do we know and what do we need to
know more? Curr Drug Metab 2012;13:577e98.

[8] Tawab MA, Bahr U, Karas M, Wurglics M, Schubert-Zsilavecz M. Degradation
of ginsenosides in humans after oral administration. Drug Metab Dispos
2003;31:1065e71.

[9] Hasegawa H. Proof of the mysterious efficacy of ginseng: basic and clinical
trials: metabolic activation of ginsenoside: deglycosylation by intestinal bac-
teria and esterification with fatty acid. J Pharmacol 2004;95:153e7.

[10] Kim WY, Kim JM, Han SB, Lee SK, Kim ND, Park MK, Kim CK, Park JH. Steaming
of ginseng at high temperature enhances biological activity. J Nat Prod
2000;63:1702e4.

[11] Han BH, Park MH, Han YN, Woo LK, Sankawa U, Yahara S, Tanaka O. Degra-
dation of ginseng saponins under mild acidic conditions. Planta Med 1982;44:
146e9.

[12] Chen YJ, Nose M, Ogihara Y. Alkaline cleavage of ginsenosides. Chem Pharm
Bull 1987;35:1653e5.

[13] Park CS, Yoo MH, Noh KH, Oh DK. Biotransformation of ginsenosides by hy-
drolyzing the sugar moieties of ginsenosides using microbial glycosidases.
Appl Microbiol Biotechnol 2010;87:9e19.

[14] Yang XD, Yang YY, Ouyang DS, Yang GP. A review of biotransformation and
pharmacology of ginsenoside compound K. Fitoterapia 2015;100:208e20.

[15] Wong AST, Che CM, Leung KW. Recent advances in ginseng as cancer
therapeutics: a functional and mechanistic overview. Nat Prod Rep 2015;32:
256e72.

[16] Noh KH, Oh DK. Production of the rare ginsenosides compound K, compound
Y, and compound Mc by a thermostable b-glycosidase from Sulfolobus acid-
ocaldarius. Biol Pharm Bull 2009;32:1830e5.

[17] Upadhyaya J, Kim MJ, Kim YH, Ko SY, Park HW, Kim MK. Enzymatic formation
of compound-K from ginsenoside Rb1 by enzyme preparation from cultured
mycelia of Armillaria mellea. J Ginseng Res 2016;40:105e12.

[18] Upadhyaya J, Yoon MS, Kim MJ, Ryu NS, Song YE, Kim YH, Kim MK. Purifi-
cation and characterization of a novel ginsenoside Rc-hydrolyzing b-glucosi-
dase from Armillaria mellea mycelia. AMB Expr 2016;6:112. 1e13.

[19] Sanada S, Kondo N, Shoji J, Tanaka O, Shibata S. Studies on the saponins of
ginseng. Ⅰ. Structures of ginsenoside-Ro, -Rb1, -Rb2, -Rc, and -Rd. Chem Pharm
Bull 1974;22:421e8.

[20] Mfombep PM, Senwo ZN, Isikhuemhen OS. Enzymatic activities and kinetic
properties of b-glucosidase from selected white rot fungi. Adv Biol Chem
2013;3:198e207.

[21] Bae SH, Lee HS, Kim MR, Kim SY, Kim JM, Suh HJ. Changes of ginsenoside
content by mushroom mycelial fermentation in red ginseng extract. J Ginseng
Res 2011;35:235e42.

[22] Hsu BY, Lu TJ, Chen CH, Wang SJ, Hwang LS. Biotransformation of ginsenoside
Rd in ginseng extraction residue by fermentation with lingzhi (Ganoderma
lucidum). Food Chem 2013;141:4186e93.

[23] Ryu JS, Lee HJ, Bae SH, Kim SY, Park Y, Suh HJ, Jeong YH. The bioavailability of
red ginseng extract of fermented by Phellinus linteus. J Ginseng Res 2013;37:
108e16.

[24] Wang WN, Yan BX, Xu WD, Qiu Y, Guo YL, Qiu ZD. Highly selective biocon-
version of ginsenoside Rb1 to compound K by the mycelium of Cordyceps
sinensis under optimized conditions. Molecules 2015;20:19291e9.

[25] Wang D, Yu H, Song J, Xu Y, Jin F. Enzyme kinetics of ginsenosidase Ⅳ hy-
drolyzing 6-O-multi-glycosides of protopanaxatriol type ginsenosides. Process
Biochem 2012;47:133e8.

[26] Jin XF, Yu HS, Wang DM, Liu TQ, Liu CY, An DS, Im WT, Kim SG, Jin FX. Kinetics
of a cloned special ginsenosidase hydrolyzing 3-O-glucoside of multi-
protopanaxadiol-type ginsenosides, named ginsenosidase type Ⅲ.
J Microbiol Biotechnol 2012;22:343e51.

[27] Bae EA, Park ST, Kim DH. Constitutive b-glucosidases hydrolyzing ginse-
noside Rb1 and Rb2 from human intestinal bacteria. Biol Pharm Bull
2000;23:1481e5.

[28] Quan LH, Jin Y, Wang C, Min JW, Kim YJ, Yang DC. Enzymatic transformation of
the major ginsenoside Rb2 to minor compound Y and compound K by a
ginsenoside-hydrolyzing b-glycosidase Microbacterium esteraromaticum. J Ind
Microbiol Biotechnol 2012;39:1557e62.

[29] Lee GW, Kim KR, Oh DK. Production of rare ginsenosides (compound Mc,
compound Y and aglycon protopanaxadiol) by b-glucosidase from Dictyoglo-
mus turgidum that hydrolyzes b-linked, but not a-linked, sugars in ginseno-
sides. Biotechnol Lett 2012;34:1679e86.

[30] Lee GW, Yoo MH, Shin KC, Kim KR, Kim YS, Lee KW, Oh DK. b-Glucosidase
from Penicillium aculeatum hydrolyzes exo-, 3-O-, and 6-O-b-glucosides but
not 20-O-b-glucoside and other glycosides of ginsenosides. Appl Microbiol
Biotechnol 2013;97:6315e24.

http://refhub.elsevier.com/S1226-8453(17)30011-8/sref1
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref1
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref1
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref2
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref2
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref2
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref3
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref3
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref3
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref3
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref4
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref4
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref4
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref5
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref5
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref5
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref5
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref6
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref6
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref6
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref6
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref7
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref7
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref7
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref7
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref8
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref8
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref8
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref8
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref9
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref9
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref9
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref9
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref10
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref10
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref10
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref10
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref11
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref11
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref11
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref11
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref12
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref12
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref12
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref13
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref13
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref13
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref13
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref14
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref14
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref14
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref15
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref15
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref15
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref15
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref16
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref16
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref16
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref16
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref17
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref17
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref17
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref17
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref18
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref18
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref18
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref18
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref19
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref19
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref19
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref19
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref20
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref20
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref20
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref20
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref21
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref21
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref21
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref21
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref22
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref22
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref22
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref22
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref23
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref23
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref23
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref23
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref24
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref24
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref24
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref24
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref25
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref25
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref25
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref25
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref26
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref26
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref26
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref26
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref26
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref27
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref27
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref27
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref27
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref28
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref28
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref28
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref28
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref28
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref29
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref29
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref29
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref29
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref29
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref30
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref30
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref30
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref30
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref30


M.-J. Kim et al / Biotransformation of ginsenoside Rb2 511
[31] Gao J, Xu W, Fang Q, Liang F, Jin R, Wu D, Tai G, Zhou Y. Efficient biotrans-
formation for preparation of pharmaceutically active ginsenoside compound
K by Penicillium oxalicum sp. 68. Ann Microbiol 2013;63:139e49.

[32] Kim JK, Cui CH, Yoon MH, Kim SC, Im WT. Bioconversion of major ginsenoside
Rg1 to minor ginsenoside F1 using novel recombinant ginsenoside hydro-
lyzing glycosidase cloned from Sanguibacter keddieii and enzyme character-
ization. J Biotechnol 2012;161:294e301.
[33] Wang L, Liu QM, Sung BH, An DS, Lee HG, Im WT. Bioconversion of ginseno-
sides Rb1, Rb2, Rc, and Rd by novel b-glucosidase hydrolyzing outer 3-O
glycoside from Sphingomonas sp. 2F2: cloning, expression, and enzyme
characterization. J Biotechnol 2011;156:125e33.

[34] Chi H, Kim DH, Ji GE. Transformation of ginsenosides Rb2 and Re from Panax
ginseng by food microorganisms. Biol Pharm Bull 2005;28:2102e5.

http://refhub.elsevier.com/S1226-8453(17)30011-8/sref31
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref31
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref31
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref31
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref32
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref32
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref32
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref32
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref32
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref33
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref33
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref33
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref33
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref33
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref34
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref34
http://refhub.elsevier.com/S1226-8453(17)30011-8/sref34

	Highly regioselective biotransformation of ginsenoside Rb2 into compound Y and compound K by β-glycosidase purified from Ar ...
	1. Introduction
	2. Materials and methods
	2.1. Materials
	2.2. Production of mushroom mycelia and purification of β-glycosidase from A. mellea mycelium
	2.3. Screening of ginsenoside Rb2-hydrolyzing activity using crude enzyme preparations from mushroom mycelia
	2.4. Influence of reaction condition on transformation of ginsenoside Rb2 by BG-1
	2.5. General analytical methods

	3. Results
	3.1. Biotransformation of ginsenoside Rb2 by BG-1
	3.2. Influence of reaction conditions and substrate specificity

	4. Discussion
	Conflicts of interest
	Acknowledgments
	References


