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ABSTRACT

Ginsenoside bioactive compounds, namely, 20(S)-protopanaxadiol -20-O-
B-D-glucopyranoside (Compound-K, C-K) and 20(S)-protopanaxadiol-20-
O-B-D-glucopyranoside (compound Mc, G-Mc) were converted from the
saponins separated from the stem and leaves wastes of P. notoginseng
(PNLS) by theindustrial enzyme. The enzymatic transformed products C-
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K and G-Mc were extracted by D-101 macroreticular resins, separated and
purified by column chromatographies on silicagel and thin layer gel, and
their structures were confirmed by 1H and 13C NMR analysis. Under the
optimum enzymatic transformation conditions of pH5.4, 55°C, 20mg mL of
PNLSand 10% (v/v) of B-glucanase, 88.30mg g** C-K and 10.21 mgg* G-

Mc was produced after 48 h.

INTRODUCTION

Panax notoginseng (Burk.) F. H. Chen, afamous
traditional Chinese herba medi cine, hasbeen success-
ful planted artificialy about 514x104 hm? per year in
Yunnan province of China. Thereare over 1500t of
stem and leaves of P. notoginseng were turned out
every year, but lessthan 5% stem and leaveswasto be
used only, whichisraisng greetly environment pollution
and wasting of resources¥.. It isvery important for re-
search on thebiotransformation (or bioconversion) of
the stem and leaves of P. notoginseng by enzymesand
microorgani sms. Enzymatic transformation, animpor-
tant component of the biotransformation, isdefined as
an enzymati c reaction catalyzed by theenzymesfrom
the metabolites of microorganisms, which modify the
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structuresof specific substrates. It hassuch advantages
over chemical synthesisas high stereo-and regio-se-
lectivity, aswell asmild reaction conditions, smpleop-
eration procedures, less cost and lower pollution, has
been used in many fieldssuch asindustry, agriculture,
medicine and food production, and it would be used
widdyinthefuture?.

Now, it hasreceived wider attention and somere-
searchersfound the same pharmaceutical effectsbe-
tween the saponins separated from P. notoginseng
leaves (PNLS) and from P. notoginseng roots (PNRS),
andwithlower toxicity!>3. Recent epidemiologica stud-
ieshaveidentified an associ ation between sgponinsin-
take and decreased incidence and growth of tumors.
The main components in PNLS are 20(S)-
protopanaxadiol group saponins(ginsenosideRb,, Rb,,
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Rb,, Rc, Rdand Rg,), which are metabolized to C-K,
G-Mc, C-Mx, Rh,and PPD (Figure 1) by intestinal
microfloraof humansor rats, microorganismsand en-
zymes, exhibited excd lent antitumor activitiesand were
respons blefor themain pharmacological activitiesof
Ginseng®*9. Theminor ginsenosides(Rg,, F,, C-Y, C-
Mx, G-Mc, C-K, Rh,, and PPD), which are present at
low concentrations or absent in wild ginseng, can be
produced by hydrolyzing the sugar moietiesof thema:
jor ginsenosides (Rb,, Rb,, Rb,, Rc, Rd, and
Notoginsenoside-Fe, et d.), which comprisemorethan
80% of thetotal ginsenosidesinwild ginseng*®. The
absorption of the glycosylated mgjor ginsenosides, in-
cdudingRb,, Rb,, and Rc, by thegastrointestind tract is
quite poor™, In contrast, the minor ginsenosides as

Ginsenoside R R;
Rb, O-Glc*-'Glc  O-GIc*-'Glc
Rb, O-Glc*-'Glc  O-GIc®-*Arap
Rbs O-Glc>-'Glc  O-GIc®-*Xyl
Rc O-Glc*-'Glc  O-Glc*-*Araf
Rd O-GIc>-'Glc  O-Glc
Compound O (C-O)  O-Glc O-GIc®-*Arap
Notoginsenoside-Fe ~ O-Glc O-GIc®-*Araf
Rgs O-Glc*-'Glc  OH
F> O-Glc O-Glc
Compound Y (C-Y) OH O-GIc®-*Arap
Compound Mx (C-Mx) OH O-GIc®-* Xyl
Mc OH O-GIc®-*Araf
CompoundK (C-K) OH O-Glc
Rh, O-Glc OH
PPD OH OH

Glc, p-D-glucopyranosyl; Arap, a-L-arabinopyranosyl; Xyl, B-
D-xylopyranosyl; Araf, a-D-arabinofuranosyl.

Figure 1 : Chemical structures of protopanaxadiol-type
ginsenosides
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deglycosylated ginsenosi desare more readily absorbed
into the bloodstream and function as active com-
pounds@. Asaresult, theminor ginsenosideshavebeen
demonstrated to be pharmaceutically active and may
be excelent potential drug candidates, with activities
superior to those of the mgjor ginsenosides®3.

Our previousstudies have suggested thet afilamen-
tousfungus, Fusariumsacchari, wasfirst obtained from
the soil-cultivated ginseng, which wasverified to pos-
sess apotent capacity of transformation of C-K, C-
Mx, and G-Mc, and thein vitro antitumor activities of
C-K, C-Mx, and G-Mc and thein vivo antitumor ac-
tivitiesof thetransformed product mainly containing
these compoundswere al so evaluated*. The present
workswereto explorethe hydrolysisof seven sgponins
by four industrial enzyme preparations, 3-glucanase,
cellobiase, glucoamylaseand cdllulase. And B-glucanase
showed the highest activitiesamong thefour enzyme
preparationsto prepare C-K by hydrolyzing the sapo-
nin from the stem and leaves of Panax notogingseng
(Burk.) EH.Chen (PNLS). Theenzymatic conversion
products were detected and analyzed by HPLC. The
chemicd structuresof whichwereducidatedwiththeir
spectral dataof *H-NMR and 3C-NMR. Two enzy-
mati ctransformation productswereidentified as20 (S)-
protopanaxadiol-20-O-a-L-arabinofuranosyl (1—6)-
B-D-glucopyranoside (ginsenoside Mc, G-Mc), and 20
(S)-protopanaxadiol-20-O--D-glucopyranoside (C-
K), respectively.

MATERIALAND METHODS

P. notoginseng |eaves were obtained from Yunan
Province (P. R. China) and identified by Liaoning Uni-
versity of Chinese Traditional Medicine. Other sa-
poninsof plant (purity > 80%) werekindly provided
by the Research Center of New Medicine of Liaoning
University of ChineseTraditiona Medicine, they were
the leaves saponins of panax ginseng PGLS, theto-
tal saponinsof panax ginseng PGTS, theleaves sa-
poninsof American ginseng or panax quinguefolium
PQLS, the fruits saponins of panax quinguefolium
PQFS, the leaves saponins of panax notoginseng
PNLS, the total saponins of panax notoginseng
PNTS, the total saponins of gynostemma
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pentaphyllum GPTS. C-K, and G-Mc (C_H_O,,
andC, H_ O, purity >95%, HPL C) were obtained
by silicagdl column chromatography and preparative
HPLC (C18 column) as described®®. 3-Glucanase
(NS44053, E,), cellobiase (NS37040, E,) and
glucoamylase (Termamyl CS, E,) wereall provided
by Beijing Novey Company. Cellulase (E,) was bought
from Shanghai Lizhu-Dongfeng Biologica Technology
Co. Ltd, other chemicalswere of HPLC gradeor the
highest quality available. All chemical sand solvents
were of analytical or HPLC grade.

Hydrolyzed seven saponinsby enzyme

3000g |eaves waste of P. notoginseng were ex-
tracted by alcohol for 24 hoursand purified by D,
macroreticular resin, 128.6g PNLS(purity morethan
80%) was obtai ned. Taking 1mL four enzymes solu-
tion each for test groups, and ImL distilled water as
control group, added 1mL 20mg/mL seven saponins
sampl es solution respectively, in the condition of
pH4.4, 50°C (25°C only E,), water bath 48h, then
stopped the reaction. Thereaction mixtureswere ex-
tracted threetimeswith BUOH saturated with water
and BUOH extracts were evaporated to drynessin
vacuo, and constant volumewith ImL methanol. The
enzymatic hydrolysis of seven saponinswere detected
by thin-layer chromatography (TLC), and the opti-
mum enzyme for hydrolyzed seven saponins were
concluded.

Detection of C-K and G-McwithHPLC

The essentid partsof the HPL C system consisted
of apump, aSPD-10A ultraviolet (UV)-visibledetec-
tor setting at 203nm, after filtration by Milliporefilter of
0.45um, a SuL injection loop, a LC workstation of
ZHEJANG university for data collection and a
150mmx4.6mm ID column with Kromasil ODS
C 4(5um particle size) stationary phase and a mobile
phase of acetonitrile-water (C-K, 60:40; G-Mc,
45:55,v/v) at aflow rate of 1.0mL/min, operated at
room temperature.

Prepar ation of enzymatictransfor mation products

PNLS(1000mg) wasdissolved inAcOH-NaAc
buffer solution, pH 5.4. After 30 minutes pre-incuba-
tion at 80°C in water bath, the solution was cooled

BioTechnology —

down to room temperature and 50mL B-glucanase lig-
uid was added to the reactive solution at thefinal en-
zymatic concentration of 10 % and the concentration
of PNLS20 mg/mL. After 48 h of incubation at 55 °C
inwater bath, the solution was cooled down and ex-
tracted and purified by D, ,, macroreticular resinwith
the concentrations of 90%-75% alcohol, the enzy-
matic transformation products (ETPs, 652.3 mg) were
obtained. ETPswere separated by silicagel column
chromatography e uting success vely with chloroform-
methanol-water and finaly methanol (8:1—6:1—4:1
—2:1->MeOH by val). Two main compoundswere
obtainedas T, (261.1 mg) and T, (180.4 mg) respec-
tively. Their structureswereidentified according to *H-
NMR and C-NMR spectral data.

(a) Kinetic curve of G-Mc by B-glucanase

G-McAcOH-NaAcbuffer solution (10 mg/mL, pH
5.4) was added with 20% B-glucanase liquid. After
5 min, 1h, 2h, 4h, 8h and 24h inoculation at 55°C in
water bath, 0.2mL enzymatic reaction solution were
collected, extracted and concentrated, and thekinetic
curvesof G-Mc, and C-K were obtained by theanaly-
ssof HPLC, whichwereperformed by Kromasil ODS
column (150mmx4.6mm, Sm), room temperature, wave
length: 203nm, flow rate: 1mL/min, mobile phase: G-
Mc acetonitrile-water (45:55); C-K acetonitrile-water
(60:40).

RESULTSAND DISCUSSION

Hydrolytic results of seven samples by four en-
zyme

After enzymatic hydrolysis, there were changes
in seven sampleswith differently degree. Theresults
of TLC (TABLE 1) showed that there was a new
constituent in enzymatic hydrolytic samples
(No1~No6) by B-glucanase and cellulase, which
didn‘t exist in control group, but there were almost
not any changes by cellobiase and glucoamylase. The
new constituent was produced as compound |. The
ability of enzymatic hydrolysis of seven sampleshby
four enzyme was B-glucanase>cellulose >glucoa-
mylase>cellobiase, and B-glucanase was the best
among them, cellulasewasthe next.

Hn Tudian Jounual
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Therewasnoneof changesin No7 after hydrolysis
by four enzymes. The principa reason wasthat thedis-
solution of No7 wasvery low in the buffer solution of
pH5.4, so the concentration of Jaogul an saponinwas
inaccessibleto that of reaction required. Four enzymes
played hardly any roleinit. Contrarily, thedissolution
of theotherswasvery highinthisbuffer solution. The
results of experiment showed usthat thedissolution of
sampleswasone of theimportant factorsin affecting
theenzymatic hydrolysis.

According to theresultsof HPLC, the C-K con-
tent of hydrolysis PNLSsamplesby 3-glucanase and
cellulasewas measured. Theresultswere shownfrom
Figure2to Figure 5. Six sampleswere hydrolyzed by
B-glucanase and cellulase. The ability of enzymatic hy-
drolytic six samples was No5>No3>No1>No6>
No4>No2>>control group for B-glucanase;
No3>No2>No5>Nol1>No4> No6>> control group

for cellulase. Thebest substratum of 3-glucanase in six
sgponinswasNo5 (PNLS), thenext wasNo3 (PQFS).
But the best substratum of cellulasein Six saponinswas
No3 (PQFS), the second was No2 (PGTS).

TABLE 1: TLC resultsof saven enzymatic hydrolysissamples
by four enzymes

Ability of generating compound |

NO. Samples
%?gggl B-glucanase Cellobiase Glucoamylase Cellulase

PGLS +

PGTS
PQFS
PQLS
PNLS
PNTS
7 GPTS

Note: +Trace compound I; +Little compound I; ++Some
compound | ; +++M assive compound .
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Figure5: HPL C of transformed productsof PNLSby cellulose

Theresult showed that the higher content of C-K
wasformed by enzymatic hydrolysi swith thesamples
contai ning moreginseng protopanaxadiol saponins. As
thereported inthe previous paper, except of many gin-
seng protopanaxadiol saponins, suchasRb,, Rb,, Rc
and Rd, therewered so characteristic sgponin of Panax
Notoginseng-Fe in the stem and leaves of Panax
Notoginseng (Burk.) F.H.Chen*®l. So, the highest con-
tent of C-K formed by enzymatic hydrolysiswith the
leavesof Panax Notoginseng (Burk.) FH.Cheninsix
sgponins.

Thestructureof enzymatictransformed products
T

1

White powder, mp 181-183 °C.*H NMR(500

BioTechnology —

MHz pyridine-d,): 60.87(3H, s, CH,-19), 0.92 (3H,
s, CH_-18), 0.98 (3H, s, CH_-30), 1.02 (3H, s, CH.-
29), 1.21(3H, s, CH_-28), 1.60(3H, s, CH,-26),
1.62(3H, s, CH_-27), 1.65(3H, s, CH_-21), 5.12(1H,
d, J=7.7Hz, H-1’-20-Glc¢), 5.65(1H, J=1.7Hz, H-1"’-
6’-Araf). *C NMR(300 MHz pyridine-d,): 5C 1-30:
39.4, 28.3, 78.1, 39.6, 56.4, 18.8, 35.2, 40.1, 50.3,
37.4, 30.9, 70.3, 49.5, 51.4, 30.9, 26.7, 51.7, 16.3,
16.1,83.4,22.4,36.2,23.2,126.1,131.0, 25.8, 17.9,
28.7,16.4,17.5. C-20-Glc C1’-6°: 98.1, 75.1, 79.3,
72.2, 76.6, 68.6. C-20-Ara C17-5": 110.2, 83.4,
78.9, 86.1, 62.7. It was identified as 20(S)-
protopanaxadiol-20-O-a-L -ar abinofuranosyl (1—6)-
[-D- glucopyranoside (ginsenoside Mc). (See Fig-
ure 6)17,
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T

2

T, was obtained aswhite powder (in.EtOH-H,0),
mp 177—-178°C, it could dissolved in Methanol, Etha-
nol, n-BuOH and pyridine, but not in water. *H
NMR(500 MHz pyridine-d,): 50.87(3H, s, CH,-19),
0.91(3H, s, CH_-18), 0.93(3H, s, CH_-30), 0.99(3H,
s, CH_-29), 1.58(6H, s, CH_-26,27), 1.61(3H, s,
CH_-21), 5.19(1H, d, J=7.7 Hz, H-1’-20-

G-Mc
Figure6: Chemical structureof enzymatic conversion products
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Glc).*CNMR (300 MHz pyridine-d,) : 5C1-30: 39.4,
28.3, 78.3, 39.6, 56.4, 18.8, 35.2, 40.1, 50.3, 37.4,
30.8, 70.2, 49.5, 51.5, 31.0, 26.7, 51.6, 16.4, 16.1,
83.3,22.4,36.2,23.2,125.9,130.9,25.8, 17.8,28.7,
16.4,17.4.C-20-GIcC1’-6’:98.3,75.2,79.4,71.7,
78.1, 62.9. It was confirmed as 20(S)-

protopanaxadiol- 20-O-f-D-glucopyranoside,
ginsenoside compound K(C-K), (SeeFigure 6)™1,

0.14
0.0+

-0.1

0 10 20 30 40 50
Time/h

Figure7: Kinetic curveof ginsenoside-M c by 3-glucanase

Transfor mation kinetic curves

Thekinetic curvesof G-Mcand C-K wereused to
elucidatethetransformation pathway by 3-glucanase.
AsseeninFigure7, thetransformation rate of G-Mcto
C-K by B-glucanase was over 85 % in 12 h. Besides
that, ginsenoside-Rb,and-Rb, could betransformed to
-Rd by B-glucanase; but no transformation to -Rd, -
Rg,, -Rg,, or -Rh,.C-K was one of the main metabo-

lites of ginseng protopanaxadiol saponinsby intestinal
bacteria. It could beformed through alot of pathway
such as Rb, (Rb,)—>Rd—ginsenoside-F,—C-K;
Rb,—compound I—compound I1-C-K and
Rc—notoginsenoside-Fe—>Mc—C-K. Theconfigura:
tion of arabinosy! differed between compound | and
notoginsenos de-Fe, compound 11 and M ¢. Compound
| and compound |1 were pyran-type, notoginsenoside-

s BioTechnology
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Feand Mc werefuran-type&2l,

Asthe pharmacodynamic substructurein natural
product, natural active constituentswere characterized
by lower content, complicated structure and synthe-
szed difficultly. Furthermore, thestorage of natura wild
resources was decreasing with the development and
utilization of plant mendicants. It can promotethe ex-
tract and separation of naturd active congtituents, raise
the content of effective constituents, and a'soimprove
thetrandation of minor bioactive constituentsto apply
theenzymatic technology inthefield of natural drugs.
Because the enzyme had better specificity and itshy-
drolytic conditionwasmild, thestructuresof saccharoid
and aglyconewereinvariableand secondary glycosides
could be obtained ashydrolyzing the glycosides. En-
zymehydrolysiscould accomplishthereactionsthat the
chemosynthesiscouldn’t do. Because of lower cost,
clearing manufacture, little public hazard and no pollu-
tion on environment, it has been played more attention
by many scholars.

C-K was unnatural ginsenoside, it was
biotransformaed from Rb,, Rb,, Rcand Rd. The hy-
droxyl radical of C,wasattacked moreeasily thanC,,
by enzyme, so the product of biotransformation was
protopanoxadiol whaose 20 hydroxyl radicd wasbonded
with aglucoseresidue. It was contrary to the effect of
acidolysisand dkadinehydrolysis. Theacidolysisand
akalinehydrolysiscould only break the C, glucosidic
bond between the saponin of panaxadiol group and
saccharide. Thereby, 20(S, R)-protopanoxadiol, C..-
hydroxyl-20 (S, R)-protopanoxadiol and 20(S, R)-
panoxadiol wereformed by latera chainisomerization,
hydration and cyclization on the acid base condition.
Then biotransformationwastheonly way to get C-K19,
B- Glucosidase and cellulose were both main enzyme
to hydrolyzethe saponins of panoxadiol group. They
could remove C, glucosyl group and C, arabinose
group, so that C-K could be gained by changing the
saccharidegroup of protopanoxadiol saponinwiththe
method of enzyme hydrolysis. Thisestablished theba:
sisfor studying C-K deeply.

CONCLUSIONS

Thenaturd plant could betransformed withtheen-
zymatic technol ogy for preparation the more activity

BioTechnology

constituents, and rai sed their contents. When hydroly-
sisthe glycos des bond with enzymes, the conditions
were mildnessand high specificity. It could keep the
structure of activity glycosideinvariability and obtain
thesecondary glycos de. Theenzymati c technology was
of low cost, no pollution, and simplein manufacturing;
so many scholarsand enterpriseshavefocusedinit.

Theresult of the present study hasindicated that
PNLScan betransformed into the more activity con-
stituent ginsenoside C-K by 3-glucanase. C-K is one
of themajor metabolitesof ginsenosides, hasreceived
Increasing atention, becauseanti-tumor activitiesinvivo
have been shown®. But theindustrial magnifying and
application of C-K has not taken into practicefor the
limitation of the preparation approach. Whenthegly-
cosides bond of ginsenosideswas hydrolyzed with the
industria enzymesto prepare C-K, theconditionswere
mildness, low cost, no pollution, and ssimplein manu-
facturing and high specificity. Therefore, anovel path-
way wasprovided for theindustria production of C-K
inthisstudy.
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