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The hydrolysis of protopanaxadiol-type saponin mixture by various glycoside hydrolases was examined.
Among these enzymes, crude preparations of lactase from Aspergillus oryzae, B-galactosidase from A. oryzae, and
cellulase from Trichoderma viride were found to produce ginsenoside F, [3-O-(B-p-glucopyranosyl)-20-0-f-p-glu-
copyranosyl-20(S)-protopanaxadiol], compound K [20-O-f-b-glucopyranosyl-20(S)-protopanaxadiol], and gin-
senoside Rd {3-O-[B-p-glucopyranosyl-(1—2)-B-p-glucopyranosyl]-20-0-B-p-glucopyranosyl-20(S)-protopanaxa-
diol}, respectively, from protopanaxadiol-type saponin mixture in large quantities. Moreover, the crude prepara-
tion of lactase from Penicillium sp. having a high producing activity of ginsenoside Rh, (6-O-f-p-glucopyranosyl-
20(S)-protopanaxatriol) from protopanaxatriol-type saponin mixture gave ginsenoside Rd as a main product,
ginsenoside Rg, {3-O-[ B-p-glucopyranosyl-(1—2)-B-p-glucopyranosyl]-20(S)-protopanaxadiol}, and compound K
from protopanaxadiol-type saponin mixture. The hydrolytic pathways of ginsenosides Rb,, Rb,, and Rc to gin-
senosides Rd, Rg;, and F,, and compound K by crude preparations of four glycoside hydrolases were also stud-
ied. This is the first report on the enzymatic preparation of an intestinal bacterial metabolite, ginsenoside F,, in
quantity, and a considerable amount of a minor saponin, ginsenoside Rg,, from a protopanaxadiol-type saponin

mixture.
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During our investigations on glycosylation and hydrolysis
of ginseng saponins by various glycoside hydrolases,* > a
minor saponin, 20(S)-ginsenoside (G) Rh,, was found to
be produced in high yields (more than 90%) from major
saponins such as G-Re and G-Rg, by a crude lactase prepara-
tion from Penicillium sp.® Furthermore, we reported that not
only G-Rh, but also G-Rg, (another minor saponin) and an
intestinal bacterial metabolite such as G-F, were enzymati-
cally prepared with high efficiency from protopanaxatriol-
type (Ppt-type) saponin mixture that was readily obtained
from ginseng extract.”® The present paper describes the en-
zymatic preparation of G-Rd, G-F,, and an intestinal bacter-
ial metabolite, compound K (C-K), in quantities, and of a
considerable amount of G-Rg, from protopanaxadiol-type
(Ppd-type) saponin mixture.

In a preliminary experiment, we screened a variety of
commercially crude glycoside hydrolase preparations (such
as ten cellulases, a hemicellulase, a S-glucosidase, three hes-
peridinases, two naringinases, three [(-galactosidases, seven
lactases, four pectinases, five a-amylases, two maltogenic o-
amylases, two f-amylases, a glucoamylase, three pullu-
lanases, a dextranase, and an isomaltase) for their activities
in the production of minor saponins and intestinal bacterial
metabolites from Ppd-type saponin mixture. HPLC profiles
showed that crude preparations of cellulase from Tricho-
derma viride (ONozuka R-10) (Enz.C), lactase from As-
pergillus oryzae (lactase F) (Enz.LF), and S-galactosidase
from A. oryzae (KowN) (Enz.G) gave the most remarkable
production of new peaks (tentatively named compounds I,
I, IV), respectively, from Ppd-type saponin mixture (Fig. 1).
These new peaks were not formed in the reaction mixture
with boiled enzyme preparations. Enz.C completely hy-
drolyzed both G-Rb, and G-Rc, but weakly hydrolyzed G-
Rb, in Ppd-type saponin mixture, and gave a marked accu-
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mulation of compound I having a retention time similar to
that of G-Rd. Enz.LF converted almost all of G-Rb,, G-Rb,,
G-Re, and G-Rd in Ppd-type saponin mixture into a remark-
able amount of compound III being similar in retention time
to G-F,, together with small amounts of two unknown com-
pounds X, and X, (peaks X, and X,) having shorter retention
times than that of compound III. Nearly complete disappear-
ance of G-Rb,, G-Rb,, G-Rc, and G-Rd in a Ppd-type
saponin mixture, large production of compound IV showing
a retention time consistent with C-K, minute quantity of
compound III having a retention time corresponding to G-F,,
and small amounts of two unknown compounds X; and X,
(peaks X, and X,) showing shorter retention times than that
of compound IV were observed in the incubated reaction
mixture with Enz.G. Also, the crude preparation of lactase
from Penicillium sp. (Enz.L) having a high activity in the
production of G-Rh, from Ppt-type saponin mixture® formed
mainly compound I from Ppd-type saponin mixture, together
with a considerable amount of compound II having a reten-
tion time very similar to that of G-Rg;,, a significant amount
of compound IV showing a retention time consistent with
compound K, and a small peak being similar in a retention
time to G-F,. These compounds I, 11, III, and IV were iso-
lated from the incubated reaction mixture on a semiprepara-
tive scale by extraction with n-butanol and column chro-
matography, and identified by spectroscopy (Fig. 2). Neither
of compounds X, X,, X;, and X, could be isolated in suffi-
cient amounts to be identified. In the *C-NMR data (Table 1)
for these compounds I, III, and IV, all of the carbon signals
due to the aglycone moiety appeared at very similar positions
to those of G-Rb,. Therefore, these compounds were as-
sumed to be prosapogenins of G-Rb,. By comparison of the
BC-NMR spectrum for compound I with that for G-Rb,, the
number of sugar moieties decreased from four in G-Rb, to
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HPLC Profiles of the Hydrolyzates of a Ppd-Type Saponin Mixture by Crude Preparations of Four Glycoside Hydrolases

The reaction mixture containing 25 mg of a Ppd-type saponin mixture in 0.5 ml of methanol, 2.5 ml of 0.2 M sodium acetate buffer, 50 mg of enzyme preparation, and distilled
water to make a final volume of 5.0 ml was incubated at 37 °C in the dark with gentle stirring. After a 72 h-incubation, each reaction mixture was extracted twice with 10 ml of n-
butanol saturated with water, and then centrifuged. The n-butanol layer was washed twice with 4 ml of water, concentrated to dryness in vacuo, and the residue was dissolved in
2.5 ml of methanol. The methanol solution (20 ul) was applied on HPLC. Enzyme preparations and the pH of the buffer used in the reaction mixture were as follows. Enz.C: 4.5;
Enz.L: 4.5; Enz.LF: 4.5; and Enz.G: 5.0. In the case of Enz.L, 125 mg of enzyme preparation was used. (A) A 20 ul of the mixture containing each of standard G-Rb,, G-Rb,, G-
Re, G-Rd, G-F,, G-Rg;, G-Rh,, and C-K in the concentration of 500 ppm was applied on HPLC. (B) A 20 ul of 1% Ppd-type saponin mixture dissolved in methanol was applied on
HPLC. The 1% Ppd-type saponin mixture contained G-Rb,, G-Rc, G-Rb,, G-Rd, G-F,, G-Rg;, and C-K in the concentration of 2325 ppm, 1229 ppm, 1152 ppm, 752 ppm, 12 ppm,
43 ppm, and 20 ppm, respectively. (C) A Ppd-type saponin mixture+Enz.C. (D) A Ppd-type saponin mixture+Enz.L. (E) A Ppd-type saponin mixture+Enz.LE. (F) A Ppd-type

saponin mixture+Enz.G. Peaks I, 11, 111, and IV: compounds I, 11, III, and IV.

three in compound I, whose anomeric carbon signals ap-
peared at 98.1, 105.0, and 105.9 ppm. Moreover, based on
three S-anomeric proton signals at 5.20, 4.92 and 5.38 ppm
in the "TH-NMR spectrum (in Experimental), compound I was
identified as G-Rd, that is, 20(S)-protopanaxadiol having two
glucose molecules in a sophorosyl structure linked at its C-3
hydroxyl group and one glucose molecule linked at its C-20
hydroxyl group. Compound III was identified as G-F,,
namely, 20(S)-protopanaxadiol having one glucose molecule
linked at both its C-3 and C-20 hydroxyl groups, based on
the 'H- and *C-NMR data for compound III, in which the
anomeric proton and carbon signals, respectively, appeared at
4.92 and 5.17, and 106.7 and 98.1 ppm. Compound IV was
identified as compound K, viz., 20(S)-protopanaxadiol having
one glucose molecule linked at its C-20 hydroxyl group,
based on the 'H- and '*C-NMR data for compound IV, in
which the anomeric proton and carbon signals appeared at
5.20 and 98.2, respectively. Compound II was identified as

G-Rg;, that is, 20(S)-protopanaxadiol having a sophorose
molecule linked at its C-3 hydroxyl group, based on the
anomeric proton and carbon signals in 'H- and *C-NMR
spectra which appeared at 4.94 and 5.38, and 105.0 and
106.0 ppm, respectively. The values of carbon signals at C-
10, C-11, C-17, C-21, and especially C-20 of compound II
were different from those of the other three compounds hav-
ing sugar molecule linked at the C-20 hydroxyl group of
aglycone.

Figure 3 indicates the TLC profiles of the time course
(0.5—24h) in the hydrolysis of G-Rb,, G-Rb,, and G-Rc by
the crude preparations of four enzymes. Enz.C readily hy-
drolyzed both G-Rb, and G-Rc into G-Rd, but very weakly
G-Rb, into G-Rd, and also had no hydrolytic activity against
G-Rd. It was observed that Enz.LF hydrolyzed mainly G-Rb,
into G-F, via G-Rd, but G-Rb, and G-Rc into G-F, via com-
pound V having a slightly higher Rf value than that of G-Rd
in TLC and via compound VI having a slightly higher Rf
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Table 1. '*C-NMR Chemical Shifts of Compounds I, I, III, IV

R, R,

G-Rb, -gle(2-1)gle -gle(6-1)gle G-Rb, C-1 G-Rg;, C-1I C-lI1 C-IV

G-Rb, -gle(2-1)glc -gle(6-1)ara(pyr) L.

Aglycone moieties

G-Re -gle(2-1)gle -gle(6-1)ara(fur) C-1 39.1 39.0 39.5 39.3 38.9 39.3
G-Rd (C-I) -gle(2-1)gle -glc C-2 26.6 26.6 27.3 27.0 26.5 28.2
C-3 89.3 88.8 89.2 88.8 88.7 78.2
G-Res (C-ID) -gle(2-gle H C4 396 395 403 399 395 395
G-Rh; -gle -H C-5 56.3 56.2 56.8 56.4 56.1 56.3
G-F, (C-11I) -glc -glc C-6 18.6 18.3 18.7 18.3 18.2 18.7
q C-7 35.1 35.0 36.1 358 349 35.1
C-K (C-IV) -H -gle c-8 399 39.9 37.2 36.8 39.8 40.0
C-Mc, -gle -glc(6-1)ara(fur) C-9 50.1 50.0 50.7 50.3 49.9 50.2
C-Mc “H -gle(6-1)ara(fur) C-10 36.8 36.7 39.9 39.6 36.7 37.3
C-11 30.8 30.7 322 32.0 30.6 30.7
C-0 -gle -gle(6-1)ara(pyr) C-12 70.1 70.1 71.2 70.9 70.1 70.1
C-Y -H -glc(6-1)ara(pyr) C-13 493 493 48.9 48.5 49.5 49.4
Ppd H H C-14 51.3 51.3 51.9 51.6 51.2 514
C-15 30.8 30.7 31.6 31.2 30.4 30.9
C-16 26.6 26.5 26.9 26.8 26.4 26.6
C-17 51.6 51.5 54.9 54.7 51.5 51.5
G: ginsenoside; C: compound; glc: f-p-glucopyranosyl; C-18 16.2 16.2 16.7 16.5 16.1 163
. . C-19 15.9 15.8 16.4 16.3 15.8 16.0
ara(pyr): a-L-arabinopyranosyl; ara(fur): a-L-arabinofuranosyl; C-20 835 83.4 73.2 72.9 83.2 83.2
Ppd: 20(S)-protopanaxadiol. C-21 22.6 223 26.9 26.6 223 223
C-22 36.1 36.0 35.5 35.1 35.8 36.1
C-23 23.1 23.1 23.2 22.9 23.1 23.1

C-24 1258 125.8 126.5 126.2 125.7 125.9
C-25  131.0 130.8 130.8 130.7 130.8 130.8
C-26 25.8 25.6 25.8 25.7 25.6 25.7

C-27 17.9 17.6 17.7 17.6 17.6 17.7
C-28 28.0 27.9 28.3 28.0 27.9 28.6
C-29 16.5 16.5 16.0 15.7 16.6 16.3
C-30 17.3 17.2 17.3 16.9 17.1 17.3
Sugar moieties
R,=R,=H: 20(S)-protopanaxadiol 3-Glc
Fig. 2. Chemical Structures of Ginsenosides and Their Related Com- é lg;g lggg lggg lggg 1(7)22
pounds 3 772 77.8 78.1 782 78.8
4 71.5 71.4 72.0 71.7 71.8
value than that of compound V in TLC, respectively. It was 5 78.0 78.0 71.8 71.8 78.3
6 62.6 62.7 63.2 62.9 63.1

assumed that Enz.LF also hydrolyzed a small part of G-Rb,
into G-F, via compound IX having a slightly higher Rf value )
than that of G-Rd in TLC. Enz.G converted G-Rb, into C-K s 767 77.0 76.9 77.1
successively via G-Rd and G-F,, and G-Rb, into C-K via 3 788 78.7 78.5 78.2
compounds V and VII having a slightly higher Rf value that 4 TL5 71.5 72.1 71.8
of G-F, in TLC. Enz.G was considered to convert G-Rc into 2 Zg‘g Zg‘é Zg‘g Zg'g
C-K by two routes, one via compounds VI and VIIl havinga 5, . ’ ' ' '

Glc
105.6 105.9 105.9 106.0

slightly higher Rf value than that of compound VII in TLC, 1 97.9 8.1 8.1 98.2

and another via G-Rd and G-F,. Enz.L hydrolyzed all of G- 2 749 75.0 75.0 75.0

Rb,, G-Rb, and G-Rc into G-Rd as a main product and G- 3780 78.6 79.0 79.3

Rg;, and then a small part of G-Rd into C-K via G-F,. These 4TS 715 7 716
: . 5 76.7 78.1 78.5 78.0

results showed that Enz.C and Enz.L had no hydrolytic activ- 6 715 62.6 62.7 62.8

ity against sophorose molecule linked at the C-3 hydroxyl Gle

group of aglycone in four ginsenosides (G-Rb,, -Rb,, -Re, 1 1050

and -Rd), and three ginsenosides (G-Rb,, -Rb,, and -Rc), re- 2749

spectively. On the other hand, Enz.LF and Enz.G had a high i ;?(5)

hydrolytic activity toward sophorose molecule linked at the 5 780

C-3 hydroxyl group of aglycone in G-Rb, and G-Rc, but not 6 626

in G-Rb,. From these results, the hydrolytic pathways of
Ppd-type saponins by crude preparations of four glycoside
hydrolases are suggested as follows:

Glc: B-p-glucopyranosyl; G-Rg;: 20(S)-G-Rg,.

Enz.C: G-Rb,—G-Rd G-Rb,—»G-Rd—G-Rg;; G-Rb,—»G-Rd—G-F,
G-Rb,—G-Rd —-C-K
G-Rc—G-Rd G-Rc -G-Rd—G-Rg;; G-Re—>G-Rd—G-F,
Enz.L:  G-Rb,—»G-Rd—G-Rg;; G-Rb,—»G-Rd—G-F, —C-K

—C-K Enz.LF: G-Rb;—-G-Rd—G-F,; G-Rb,—Compound IX
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Fig. 3.

Thin-Layer Chromatograms of Hydrolyzates of Three Ginsenosides Rb,, Rb,, and Rc by Crude Preparations of Four Enzymes

The reaction mixture containing 2 mg of G-Rb, (or G-Rb,, G-Rc) in 0.25 ml of methanol, 4 mg of enzyme preparation, 1.25ml of 0.2 M sodium acetate buffer, and distilled water
to make a final volume of 2.5 ml was incubated for 0.5, 1.5, 6, and 24 h at 37 °C in the dark with gentle stirring. After each of incubation, the reaction mixture was extracted with
0.5 ml of n-butanol saturated with water and centrifuged. An aliquot (5 ul) of the n-butanol layer was applied on TLC. (A) G-Rb, (or G-Rb,, G-Rc)+Enz.C; (B) G-Rb, (or G-Rb,,
G-Rc)+Enz.L; (C) G-Rb, (or G-Rb,, G-Rc)+Enz.LF; and (D) G-Rb, (or G-Rb,, G-Rc)+Enz.G. S: the mixture of G-Rb,, G-Rb,, G-Rc, G-Rd, G-Rg; G-F,, G-Rh,, and C-K in
order of lower Rf values. Incubation time: 0.5, 1.5, 6, and 24 h. V, VI, VII, VIII, and IX: compounds V, VI, VII, VIII, and IX.

—G-F,
G-Rb,—Compound V—-G-F,
G-Rc—Compound VI-G-F,
G-Rb,—G-Rd—G-F,—C-K
G-Rb,—Compound V—Compound VII-C-K
G-Rc—G-Rd—G-F,—C-K; G-Rc—Compound VI

—Compound VIII-C-K

Kohda and Tanaka reported on the hydrolysis of ginseng
saponins with crude preparations of several glycoside hydro-
lases.” Emulsin and crude preparations of cellulase and amy-
lase exhibited very low hydrolytic activities, while crude
preparations of pectinase, naringinase, and hesperidinase, es-
pecially the last one, had high activities. The incubation of a
mixture of G-Rb,, G-Rb,, and G-Rc with a crude hesperidi-
nase from A. niger (Tanabe Seiyaku Co., Ltd., Osaka, Japan)
gave C-K in ca. 70% yield. They also reported that the hy-
drolytic activity must be due to some other enzymes present
in crude hesperidinase preparation, as purified hesperidinase

Enz.G:

did not hydrolyze the saponins. Koizumi et al. reported that
G-Rb, afforded four prosapogenins such as G-F,, C-K, C-O,
and C-Y on stepwise hydrolysis with commercial naringinase
(Sigma).'” Recently, several investigators have reported that
G-Rb,, G-Rb,, and G-Rc are metabolized by intestinal bacte-
ria in rats and humans after oral administration and that the
main metabolite of Ppd-type saponins is C-K.!'"!* The
metabolic pathways of three ginsenosides by intestinal bacte-
ria are as follows: G-Rb,—-G-Rd—G-F,—C-K; G-Rb,—C-
0—-C-Y—=C-K; G-Rc—>C-Mc¢,—C-Mc—C-K. This com-
pound (C-K) has inhibited lung metastasis of melanoma cells
and in vitro tumor cell invasion and migration at nontoxic or
marginally toxic concentrations.'®

In this work, 46 commercially available crude preparations
of 15 glycoside hydrolases were screened for hydrolytic ac-
tivity against Ppd-type saponin mixture. Five o-amylases,
two f-amylases, emulsin, and all of three hesperidinases
[containing one from A. niger (Tanabe Seiyaku Co.)] tested
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had very low activities. Four cellulases, two naringinases,
and three pectinases showed considerable activities. Further-
more, three crude enzyme preparations (Enz.C, LE, and G)
were found to have very highly hydrolytic activities, to afford
G-Rd, G-F,, and C-K, respectively, in large quantities from
Ppd-type saponin mixture. Enz.LF accumulated compound V
and compound VI in quantities from G-Rb, and G-Rc, re-
spectively, in the earlier stage of hydrolytic reaction. Enz.G
also accumulated considerable amounts of compound VII
and compound VIII from G-Rb, and G-Rc, respectively. The
isolation and identification of these compounds V, VI, VII,
VII and IX will be presented in a subsequent paper. All of
these three enzyme preparations had no hydrolytic activity
toward the B-glucosidic linkage attached to the C-20 hy-
droxyl group of aglycone. On the other hand, Enz.L having a
high activity in the production of G-Rh, from Ppt-type
saponin mixture® hydrolyzed all of G-Rb,, G-Rb,, and G-Rc
into G-Rd (main product) and a considerable amount of G-
Rg,, that is, Enz.L regioselectively hydrolyzed C-20-O-f-p-
glucosidic linkage in G-Rd, to afford a minor saponin, G-
Rg;. These results reveal that the enzymatic method is very
useful for preparing minor saponins and intestinal bacterial
metabolites with selectivity and efficiency from ginseng
saponin mixture.

Experimental

Chemical Reagents and Enzymes A Ppd-type saponin mixture con-
taining G-Rb,, G-Rb,, G-Rc, and G-Rd, and each of these ginsenosides were
obtained from standardized ginseng extract containing 13—14% of total
saponin (K T & G Central Research Institute) by the reported methods.'*!>
G-F, was prepared from the leaves of the same plant (Panax ginseng C. A.
MEYER, Araliaceae) by the reported procedures.'® G-Rg, and G-Rh, were
prepared by the acid hydrolysis of G-Rb, with 50% aqueous acetic acid at
70 °C, following the separation of the racemic mixture of 20(R and S)-G-Rg;
into 20(R)-G-Rg; and 20(S)-G-Rg; by using acetylation and silica column
chromatography, and further treatments of the acetylate of 20(S)-G-Rg; with
5% sodium hydroxide in n-butanol at room temperature for 1 h and at 40 °C
for 2 h, respectively, according to the reported procedures.'” The structures
of these compounds are shown in Fig. 2. The purity of these compounds was
assessed by TLC, HPLC, and '*C-NMR spectroscopy. Crude preparations of
four glycoside hydrolases, i.e., a cellulase from 7. viride (ONozuka R-10)
(Enz.C) (Yakult Honsha Co., Ltd., Tokyo, Japan), a -galactosidase from A.
oryzae (Enz.G) (Kohjin Co., Ltd., Tokyo, Japan), two lactases from A.
oryzae (lactase F) (Enz.LF) (Amano Pharmaceutical Co., Ltd., Nagoya,
Japan) and Penicillium sp. (Enz.L) (KI Chemical Ind. Co., Ltd., Iwata,
Shizuoka, Japan) were kindly supplied.

Analyses TLC: A silica gel G-60 F,5, TLC plate (E. Merck); developing
solvent, chloroform—methanol-water (65:35:10, v/v/v, lower phase) (sol-
vent I); detection, 20% sulfuric acid in ethanol and heating (105—110 °C for
10 min). HPLC: pump, Waters 510; auto sampler, Waters 717 plus; data sys-
tem, Waters Millenium 32; column, Discovery C; (4.6X250 mm, 5 um, Su-
pelco Co.), column temperature, 30 °C; mobile phase, gradient conditions
with water (solvent A) and acetonitrile (solvent B) were as follows: the ra-
tios of solvent A/solvent B at running times of 0, 10, 40, 55, 70, 72, 82, 84,
90min were 80/20, 80/20, 68/32, 50/50, 35/65, 10/90, 10/90, 80/20, and
80/20, respectively; flow rate, 1.6 ml/min; detector, ginsenosides eluted were
detected at 203 nm of UV using Waters 2996 Photodiode Array detector.
Melting point: a Fisher-Johns melting point apparatus. Optical rotation val-
ues: a JASCO DIT-370 polarimeter. FAB-mass: a JEOL mass spectrometer
model JMS-HX-110/110A with a matrix of methanol and 3-nitrobenzyl al-
cohol (1:20, v/v). 'H-NMR (400 MHz) and *C-NMR (100 MHz): a Burker
spectrometer model AMX 400 in C;DsN with tetramethylsilane as an inter-
nal standard.

Isolation of Enzymatic Hydrolysis Products of Ppd-Type Saponin
Mixture On a semipreparative scale, a reaction mixture containing 0.4 g of
Ppd-type saponin mixture in 5 ml of methanol, 0.8 g of Enz. C [or LE, G, or
2 g of Enz.L] preparation, 10 ml of 0.2 M sodium acetate buffer (pH 4.5), and
water to make a final volume of 50 ml was incubated for 72 h at 37 °C. After
incubation, two volumes of methanol were added to the reaction mixture,
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and the mixture was adjusted to pH 6.5, heated for 10 min in a boiling water
bath, and centrifuged. The supernatant was concentrated below 37°C in
vacuo. The concentrate was extracted several times with n-butanol, and cen-
trifuged. The n-butanol layer was concentrated to dryness in vacuo, and dis-
solved in a small amount of methanol. The methanol solution obtained from
the reaction mixture with Enz.C was chromatographed on a silica gel 60
(230—400 mesh) column (60 g, column ¢=2.5 cm) developed with acetoni-
trile-water—2-propanol (80:5:15, v/v/v), and rechromatographed on silica
gel 60 column (60 g, column ¢=2.5cm) with chloroform—methanol—ethyl
acetate—water (2:2:4:1, v/v/v/v, lower phase) to afford compound I
(176 mg) which was identified as G-Rd from its TLC, HPLC, 'H- and *C-
NMR spectra (Table 1). Each methanol solution from the reaction mixture
with Enz.L, LF, or G was respectively applied on the following 1st and 2nd
column chromatography: silica gel 60 column with chloroform—methanol
(7:1,v/v) and LiChroprep RP-8 column with methanol-water (8:2, v/v);
silica gel 60 column with chloroform—methanol-water (50:8: 1, v/v/v), and
polyamide column using gradient elution with methanol-water (1 : 15, v/v—
1:5, v/v); and silica gel 60 column with chloroform—methanol-water
(7:3:0.5, v/v/v) and LiChroprep RP-8 column using 80—85% methanol as
eluent. Compounds II, III, and IV were respectively obtained at 70, 124, and
109 mg from Ppd-type saponin mixture by the hydrolytic action of Enz.L,
LF, and G. The purity of these compounds was assessed by Rf values on
TLC and retention time in HPLC analyses. These compounds were identi-
fied by comparison of their FAB-MS, and 'H- and >C-NMR data with those
of authentic samples.

Compound I: Colorless fine crystals from 2-propanol; mp 206—208 °C;
[]Z +19.4° (c=1.03, methanol); Rf value, 0.35 on a Kieselgel 60 F,;, TLC
plate developed with solvent I; FAB-MS, m/z 948 (M+1)"; "H-NMR (),
three anomeric proton signals due to B-glucosidic linkages at 4.92 (1H, d,
J=7.42Hz, H-1 of inner glucose at C-3 of aglycone), 5.20 (IH, d, J=
7.62 Hz, H-1 of glucose at C-20 of aglycone), and 5.38 (1H, d, /=7.56 Hz,
H-1 of terminal glucose at C-3 of aglycone); *C-NMR (Table 1).

Compound II: Colorless fine crystals from 90% isopropanol; mp 248—
250°C; [o]2* +16.5° (¢=1.00, methanol); Rf value, 0.49 on a Kieselgel 60
F,s4 TLC plate developed with solvent I; FAB-MS, m/z 786 (M+1)";
'H-NMR (§), two anomeric proton signals due to S-glucosidic linkages at
4.94 (1H, d, J=7.50Hz, H-1 of inner glucose at C-3 of aglycone), and 5.38
(1H, d, J=7.62 Hz, H-1 of terminal glucose at C-3 of aglycone); *C-NMR
(Table 1).

Compound III: Colorless fine crystals from n-butanol; mp 186—188 °C;
[0 +29.6° (c=1.01, methanol); Rf value, 0.53 on a Kieselgel 60 F,5, TLC
plate developed with solvent I; FAB-MS, m/z 807 [M+Na]*; 'TH-NMR (5),
two anomeric proton signals due to S-glucosidic linkages at 4.92 (1H, d,
J=17.02 Hz, H-1 of glucose at C-3 of aglycone), and 5.17 (1H, d, /=7.27 Hz,
H-1 of glucose at C-20 of aglycone); *C-NMR (Table 1).

Compound IV: White amorphous powders from ethanol; mp 176—
178°C; [a]Z +9.1° (c=0.89, chloroform); Rf value, 0.68 on a Kieselgel 60
F,s, TLC plate developed with solvent I; FAB-MS (negative), m/z 621
[C3Hg,O05-H] ™, 459 [C3¢Hg,04-Gle-H] 5 'TH-NMR (6), one anometic proton
signal due to B-glucosidic linkage at 5.20 (1H, d, J=7.76 Hz, H-1 of glucose
at C-20 of aglycone); '*C-NMR, (Table 1). These compounds I, II, III, TV
were identified respectively as 3-O-[B-p-glucopyranosyl-(1—2)-f-p-glu-
copyranosyl]-20-0O--p-glucopyranosyl-20(S)-protopanaxadiol (G-Rd), 3-O-
[B-p-glucopyranosyl-(1—2)- B-p-glucopyranosyl]-20(S)-protopanaxadiol
(G-Rg;), 3-0-(B-p-glucopyranosyl)-20-0-f-p-glucopyranosyl-20(S)-pro-
topanaxadiol (G-F,), and 20-O-B-p-glucopyranosyl-20(S)-protopanaxadiol
(C-K).
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