
Ginseng, the root of Panax ginseng C. A. MEYER, is a
medicinal plant used worldwide and has been reported to
have various biological effects.1—3) Ginsenosides isolated
from ginseng are the main pharmacoactive molecules of gin-
seng.4) They exhibit efficacy as anticancer, antistress, antihy-
pertention, antidiabetes, and antinociception agents, and fa-
cilitate learning and improve weakness as tonics.5) More than
34 ginsenosides, triterpene-derivatives containing sugars,
have been isolated from the ginseng saponin fraction. The
chemical structures of the individual ginsenosides have been
identified.6—12) Based on the ginsenoside aglycone, the gin-
senosides can be classified into three groups: the pro-
topanaxadiol-type; protopanaxatriol-type; and oleanolic acid-
type saponins.13)

Recently, ginsenoside Rh2, a rare saponin contained in
wild ginseng and red ginseng, has attracted attention because
of its high inhibition of cancer cell growth.14) The ginseno-
side Rh2 inhibited the growth of B16 melanoma cells,15,16)

and inhibited the tumor growth of human ovarian cancer cells
inoculated into nude mice to the same extent as cis-di-
amminedichloroplatinum.17,18) However, it is very difficult to
obtain the ginsenoside Rh2 from wild and red ginseng, be-
cause its content is low. We reported that ginsenoside Rh2
was obtained from ginsenoside-b-glucosidase from the newly
isolated microorganism FFCDL-48 strain by hydrolyzing the
other protopanaxadiol saponins such as ginsenoside Rg3 into
ginsenoside Rh2,19) as shown in Fig. 1.

In this study, the ginsenoside-b-glucosidase in the ginseng
plant which hydrolyzes the b-(1→2)-glucoside bond of gin-
senosides was isolated, purified, and characterized.

Experimental
Materials The ginseng root used was 4-year-old ginseng from the No. 1

Ginseng Plant of Fusong, Jilin Province, China. The standard 20(S)-ginseno-
side Rg3, 20(S)-ginsenoside Rh2, and other ginsenosides were obtained
from the Academy of Science of D.P.R. Korea. The thin-layer chromatogra-
phy (TLC) plate was a silica gel plate (Kieselgel 60 F-254, Merck).

Enzyme Extraction from Ginseng The fresh ginseng was broken into
pieces and added to a 3-fold volume of 20 mM acetate buffer, pH 5.0. It was
extracted at 40 °C for 2 h and the supernatant was obtained by centrifugation
for use in saponin enzyme purification.

Purification of Ginsenoside-bb-Glucosidase and Estimation of Molecu-
lar Weight Pellets of (NH4)2SO4 were slowly added to the supernatant ex-

tracted from fresh ginseng with shaking to 70% saturation and stored at 4 °C
overnight. The mixture was centrifuged to collect the protein precipitate.
This crude protein was dissolved in distilled water and dialyzed against
20 mM acetate buffer, pH 5.0. After removing the nondissolved fraction by
centrifugation, the enzyme solution was fractionated on a column (f1.53
10 cm) of DEAE-cellulose DE-52 (Whatman). The column was eluted step-
wise with 60, 120, 180, and 240 mM KCl in 20 mM Tris–HCl buffer, pH 7.4.
The purified enzyme was dried by freeze-drying and used for the study of
enzyme properties. The enzyme purity and molecular weight were estimated
by the SDS polyacrylamide gel electrophoresis method using the carbonic
anhydrase (29 kDa), ovalbumin (43 kDa), bovine serum albumin (66 kDa),
and Taq polymerase (99 kDa) as standard proteins.20)

Analysis of Enzyme Activity Ginsenoside-b-glucosidase activity was
measured using ginsenoside Rg3 0.15 mg/ml in 20 mM acetate buffer, pH 5.0
as the substrate. Enzyme solution 0.1 ml was added to the same volume of
ginsenoside Rg3 solution and allowed to react at 60 °C for 24 h. Then bu-
tanol 0.2 ml was added to the reaction mixture. The product ginsenoside Rh2
in the butanol layer was detected by TLC.21) The ginsenoside Rh2 on the sil-
ica plate was determined by scanning the TLC spots14) using a Shimadzu
CS-930. One unit of enzyme activity was defined as the amount of enzyme
producing 1 nmole of ginsenoside Rh2 per h.

Exocellulase b-glucosidase (EC 3.2.1.21) activity was determined by a
colorimetric method using p-nitrophenyl-b-glucoside (PNPG) as the sub-
strate.22) One unit of enzyme activity was defined as the amount of enzyme
liberating 1 mmol of p-nitrophenol per h.

Concentration of Protein The concentration of protein was measured
by the method of Lowry et al.23)

Structure of Ginsenoside from Enzyme Reaction The structure of
ginsenoside produced from Rg3 enzyme reaction was detected by the nu-
clear magnetic resonance (NMR) spectrum method using Bruker DR3400
with pyridine-d5 as the solvent. The mass spectrum was determined using a
JEOL DX3303 instrument and bombarding the sample with the fast-atom
bombardment mass spectrometry (FAB-MS).

Results and Discussion
Enzyme Purification When the concentration of

(NH4)2SO4 reached 70% saturation, most of the saponin en-
zyme was precipitated. The precipitates were centrifuged to
collect the protein, and the crude protein was dissolved, dia-
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Fig. 1. Hydrolysis of Ginsenoside Rg3 by Ginsenoside-b-Glucosidase



lyzed, and fractionated on a DEAE-cellulose column. The re-
sult is shown in Fig. 2. The enzyme peak eluted by the step
of 180 mM KCl solution hydrolyzed ginsenoside Rg3, and
formed one spot in polyacrylamide gel electrophoresis, con-
firming that this enzyme was a pure protein. The enzyme
peak eluted by the step of 120 mM KCl solution had ginseno-
side hydrolysis activity, but was not a pure protein. The pure
enzyme activity (yield) was 14.4% of total enzyme used in
the purification, and the specific activity of pure saponin en-
zyme was 148 U/mg, an increase of approximately 16 fold
(Table 1).

Enzyme Molecular Weight and Other Properties The
purified saponin enzyme from the DEAE-cellulose column

formed one spot in SDS polyacrylamide gel electrophoresis
(Fig. 3), and its molecular weight is about 59 kDa (Fig. 4),
which is different from the 34 kDa of the ginsenoside-b-glu-
cosidase from the FFCDL-48 strain.19)

The saponin enzyme of the ginseng plant is stable at less
than 60 °C, and its optimum temperature is 60 °C (Fig. 5),
but the optimum temperature of the enzyme from the
FFCDL-48 strain is 50 °C.19) The optimum pH of the ginseng
enzyme is 5.0 (Fig. 6), the same as that of the FFCDL-48
strain enzyme.19)

The effects of metallic ions on the saponin enzyme are
summarized in Table 2. Mg21, Fe31, and Zn21 ions have no
significant effect on the activity of the enzyme, Ca21 ion has
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Fig. 2. Purification of Ginsenoside-b-Glucosidase on DEAE-Cellulose
DE-52

Column, f1.5310 cm; fraction, 3 ml/tube; elution buffer, 60, 120, 180, and 240 mM

KCl in 20 mM Tris–HCl buffer (pH 7.4).

Fig. 3. SDS-Polyacrylamide Gel Electrophoresis of Ginsenoside-b-Glu-
cosidase

1, carbonic anhydrase (29 kDa); 2, ovalbumin (43 kDa); 3, bovine serum albumin
(66 kDa); 4, taq polymerase (99 kDa); 5, ginsenoside-b-glucosidase.

Fig. 4. Molecular Weight of Ginsenoside-b-Glucosidase on SDS-Poly-
acrylamide Gel Electrophoresis

1, carbonic anhydrase (29 kDa); 2, ovalbumin (43 kDa); 3, bovine serum albumin
(66 kDa); 4, taq polymerase (99 kDa).

Fig. 5. Optimum Temperature of Ginsenoside-b-Glucosidase

Buffer, 20 mM acetate buffer; temperature, 60 °C.

Table 1. Purification of Ginsenoside-b-Glucosidase

Step
Volume Total activity Total protein Specific activity Yield 

Purification
(ml) (U) (mg) (U/mg) (%)

Extraction of ginseng 1800 13287 1408 9.4 100 1
(NH4)2SO4 precipitation 100 10629 959 11.1 80 1.2
DEAE-cellulose 18 1913 12.9 148 14.4 16



a positive effect, while Cu21 ion has a negative effect.
Hydrolysis of Ginsenosides by Ginsenoside-bb-Glucosi-

dase Ginsenoside Rg3 was dissolved in 20 mM acetate
buffer, pH 5.0 (0.15 mg/ml), and purified enzyme solution
0.1 ml was added to the same volume of ginsenoside solution
and allowed to react at 60 °C for 24 h. Then butanol 0.2 ml
was added to the reaction mixture with shaking. The prod-
ucts in the butanol layer were detected by TLC (Fig. 7). The
results showed that ginsenoside Rg3 belonging to the pro-
topanaxadiol-type saponin can be hydrolyzed by the enzyme.
It can be concluded that there the b-glucosidase present in
ginseng hydrolyzes the b-(1→2)-glucoside bond of ginseno-
sides. We therefore called it ginsenoside-b-glucosidase.

Comparison between Ginsenoside-bb-Glucosidase and
bb-Glucosidase Ginsenoside-b-glucosidase, b-glucosidase
(EC 3.2.1.21) from almonds (Sigma), or exocellulase b-glu-
cosidase (EC 3.2.1.21) from the Clostridium thermocopriae
JT3-3 strain23) solution 0.1 ml were respectively added to the
same volume of ginsenoside Rg3 solution (0.15 mg/ml) in
20 mM acetate buffer, pH 5.0, and then the mixtures were re-
acted at 60 °C for 24 h. After reaction, butanol 0.2 ml was
added to the reaction mixture, shaken, and stored to dissolve
the ginsenoside in the butanol layer. The saponins in the bu-
tanol layer were detected to examine ginsenoside Rh2 pro-
duction by TLC (Fig. 7). It was shown that ginsenoside-b-

glucosidase from ginseng hydrolyzes over 60% of Rg3 to
Rh2, but the b-glucosidase from almonds and from the C.
thermocopriae strain do not hydrolyze Rg3. This indicates
that the saponin enzyme from the ginseng plant may be a
special b-glucosidase, b-(1→2)-ginsenoside hydrolase.

Comparing the hydrolysis of different p-nitrophenyl-b-sac-
charosides such as glucoside, galactoside, arabinoside, xylo-
side, and rhamnoside, the b-glucosidase from the C. thermo-
copriae strain can only hydrolyze the PNPG, and the enzyme
from almonds can hydrolyze all the substrates except for p-
nitrophenyl-b-rhamnoside (Table 3). However, the enzyme
from the ginseng plant only slightly hydrolyzes these sub-
strates when using more than 100 U/ml of enzyme. This
demonstrates that ginsenoside-b-glucosidase may be a spe-
cial b-glucosidase that is different from the original exocellu-
lase such as b-glucosidase (EC 3.2.1.21).

Structure of Ginsenoside from Rg3 Enzyme Reaction
The ginsenoside from the Rg3 enzyme reaction was sepa-
rated on a silica gel column and crystallized in 80%
methanol-water. The TLC Rf of crystal ginsenoside was the
same as that of ginsenoside Rh2. The crystal (mp, 218—
220 °C; [a]25, 121.8° [c50.93, MeOH]) was the same as
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Fig. 6. Optimum pH of Ginsenoside-b-Glucosidase

Buffer, 20 mM acetate buffer; pH 5.0.

Fig. 7. Thin-Layer Chromatogram of Ginsenoside Rg2 and Rg3 Hy-
drolyzed by Ginsenoside-b-Glucosidase and b-Glucosidase

Developing solution, CHCl3 : MeOH : H2O570 : 30 : 5. 1, ginsenoside Rg3; 2, gin-
senoside Rh2; 3, hydrolysis of ginsenoside Rg3 by ginsenoside-b-glucosidase; 4, hy-
drolysis of ginsenoside Rg3 by b-glucosidase from almonds; 5, hydrolysis of ginseno-
side Rg3 by b-glucosidase from C. thermocopriae strain.

Table 2. Effect of Metallic Ion on Ginsenoside-b-Glucosidase (Relative Activity %)

Concentration (mM) CaCl2 MgSO4 FeCl3 ZnSO4 CuSO4

0 100 100 100 100 100
1 — — — 96 69
5 118 96 100 90 49

10 125 87 100 90 18
50 136 90 95 — —

100 130 90 90 — —

— Not determined.

Table 3. Enzyme Hydrolysis of Different Standard Substrates

Substrate
Activity of ginsenoside Activity of b-glucosidase Activity of b-glucosidase 
b-glucosidase (U/ml) from almonds (U/ml) from C. thermocopriae strain (U/ml)

PNPG 1.28 6.26 4.92
p-Nitrophenyl-b-D-galactoside 0.67 6.29 0.26
p-Nitrophenyl-b-L-arabinoside 0.41 6.28 0.12
p-Nitrophenyl-b-D-xyloside 0.09 6.26 0.24
p-Nitrophenyl-a-L-rhamnoside 0 0 0



that of 20(S)-ginsenoside Rh2.
The ginsenoside crystal from the enzyme reaction was

used to determine its structure in the Laboratory of Phyto-
chemistry, Kunming Institute of Botany, Academia Sinica, P.
R. China. The molecular formula of crystal gisenoside was
analyzed as C36H62O8 from the negative FAB-MS, in which
there appeared a quasimolecular ion peak at m/z 621
[M2H]2. The 1H- and 13C-NMR spectral data are the same
as those of 20(S)-ginsenoside Rh2.24) Therefore the ginseno-
side from Rg3 is a 20(S)-ginsenoside Rh2, i.e., a 3-O-(b-D-
glucopyranosyl)-dammar-24-en-3b ,12b ,20(S)-triol.

As shown above, the ginseng root has a ginsenoside-b-glu-
cosidase, the enzyme can hydrolyze the b-(1→2)-glucoside
bond of ginsenoside Rg3 to ginsenoside Rh2, and the en-
zyme molecular weight is 59 kDa.
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