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‘Transformation of Ginsenoside Rd to Ginsenoside F2 by Enzymes
of Leuconostoc fallax 1. H3
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ABSTRACT: Ginsenosides have been regarded as the principal components, responsible for the pharmacological and bio-
logical activities of ginseng. Absorption of major ginsenosides at the gastrointestinal tract was extremely low, when ginseng
taken orally. In order to improve the absorption and bioavailability, transformation of major ginsenosides into more active
and valuable minor ginsenoside is much required. In this present study, We isolated a lactic acid bacteria Leuconostoc fallax
LH3 from the Korean fermented food Kimchi, which have higher Sglucosidase activity. Using the ethanol precipitated curd
enzyme of Leuconostoc fullax L H3, we investigated the biotransformation of ginsenoside Rd at different experimental con-
dition to increase transformation. The maximum convertion was supported at 30 T and decreased when temperatures
increased. In order to optimize the effect of pH, the curd enzyme was mixed 20 mM sodium phosphate buffer (pH 3.5 to pH
8.0). Ginsenoside Rd was almost hydrolyzed between pH 7.0 and pH 9.0, but not hydrolyzed above pH 10.0. Ginsenoside Rd
was hydrolyzed after 24 hrs incubation, but whereas the ginsenoside F2 was appeared from 36 hrs, and all ginsenoside Rd
was transformed to F2 after the 60 hrs incubation. Based on this study, the curd enzyme of Leuconostoc fallax LH3 trans-
formed the ginsenoside Rd at the 30 C and the pH optimum of 7.0 to 9.0 after the 60 hrs incubation time.
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M H

AHRIARE & A ARY Bolrol FUA AREE] &
hEAQ kg AES] ol (Chuang & Shin, 2006; Kim
et al, 2006), SIANA 714 FQ3F Aol QALY =

ginsenoside™ TRHCZE  steroid FAS T JYE
triterpenoid®ll  glucose, arabinose, xylose, thamnose & &©]

A= AE wlFAZA 4804 ABZUQ] protopanaxadiol
(PPD), protopanaxatriol (PPT) & 5%A] AFE W2l oleanane
A AMELOZ FEEY Fg2 FFAAA O 3 2L
(Benishin, 1992), >|7]5l| ths 28 (Saito & Nishiyama,
1988), @aretal 3FARE- (Kikuchi et al, 1991), VY715
ZA%4 (Singh et al, 1984), 3= 28 (Huo & Chen,

1998), 7471% 743}2-8 (Oura & Hiai, 1973), @ 242&
(Kang & Kim, 1992), J&#AA ] /|24 (Kim ef al,
1992), 737|134} =428 (Ogita & Samugawa, 1994), &
2 &8 (Brekhman, 1976), &4tsl 28 (Mei er al,
1994)7} JAEH 2 A-E (Saito & Bao, 1984) 5 & W
A st @448 YERATE

e AT Al major AREHS) AR WMo Fpe
-3~ o}l Rb;, Rb,= ol 2ls)] =A%) oxygenation®+
Qo) UlA 2 Fs=7] o]¥x (Karikura ef al, 1991),
Ao} AEEA o]f7FsAS Rb©l 0.1-4.4%, Rby} 3.7%,
Rgi©] 1.9%-184%Z tiF-ELS AR F3 ALE wisdt)
(Takino, 1994; Tanizawa et al, 1993; Xu et al, 2003). <!
MAEW ] FEE FUAIT] 7] HBlA 7S Bol EAghE
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At 2 4o 7R pHollA ¥H-& JgEs Y &
49] 718 B0l oz EXALT U Aito] Jsdle] B o
T7F o]F AT (Chi & Ji, 2005a; Chi et al, 2005b;
Park et al, 2001; Zhang et al, 2001).
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1. M= -

QIR AL Z=F FusongollA] U8k A3, ul
FHAAE 7% 1070 AGeA IR A Alzd A
#EZ Rbl, F2, Rg3, compound K 2 Rh2& I4-F-AAA
Aol BFdol ALE3IY L Rde 2 A7 B3
RE AMEHom TLC plates 60 F-254 Silica gel plate
(Merck)E AF23}993, HPLC 7]7]¥ FUTECS Co., Ltd.
NS 30001 systemS ARE-3FAT

2. Ginsenoside Rde| &2

Ginsenoside Rd= C18 column¥} silica gel 60 column$-
ARgsted Q] AlEdosRE Bt Qi Al
1 g& MeOHO| %91 ¥ WA flash chromatography system
(RP-18, AH-2 Discovery® supelco, @4.6mn x 25 cmyS ©]&-
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# e} e gradient THRoZ BIFHTH Lo 10%
acetonitrile2 A28l 20874 30%% 2H 08 E3F
Ko, 208X 30ETHE 30%S FRAAFL, 30R0A
4587HA] 45%2. A OE EEFALH, 45%dA 5087}
A 45%E FASIELH, 50%0A 0ETAE=  52%
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A F 10md Hekth TLC 248 F31] ginsenoside Rd
7} S 82 2ol T =t T ES silica gel
60 column (@5 x50cm)o| THA] ZF2A|AH CHCL/CH;0H
(7:3, viv)?l EFEE olFHOE 25y EFHI T
ginsenoside RAZ 4+ &89 945 2 =30 b
S71A 2 A3
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4. @20 Al
Esculin WS o]&-sle] FAx|ol|lA £2]3 Bglucosidase &

A Leuconostoc fallax LH3TTE MRS ¥IX|E AMgEt 30
C, 190 rpmel|x] et vigslnt. wufgele 4CAlA 15,000
x g2 108 YR sl AEE AAL FEAL 499
W7} BOHS F7iske) 53] E8A171 & 0Colx 408 %
Hste] B AANACH 9] F4E 4ToA 10,000 x g
2408 94 T AEde #Elz JAEL 20mM
sodium phosphate buffer (pH 7.0)°ll %—811 AlAH ZghHo
2 AR89

5. Ginsenoside Rd2] Zgl

Leuconostoc fallax LH3 #5& MRS brothol| A O.Dgy
Zr (0.50, 0.75, 1.00, 125, 1.50, 1.75, 2.00 22 vjF3t &
Aop ZHe wpyo 2 2 FANE FAEEY. A4 2aad
€ 02mM ginsenoside Rd$} 1:2 (vv)¥] H|EZE @3l
30C, 190 pmoliA 60AI7F WRSAIF T BEEHA & 1247
VA0 2 weEdHE-S 1 5miy FHele] FEe] XIS
2 FZ3[5L TLC platedl] A3l RdY AgAFS Els)
ath A3 TLC plateE CHClL/CH;OHMH,O (65:35:10,
viv, 3F%) E8uZ 5.5cem A T 10% H,S0& EF
sl 7HES FE) S

6. HPLC &A1
HSES] FEIRTE FEEHL 1 s=3 5 HPLCE
o er2-of] 83151 0.45 ym membrane filter® < 3shed E4
207 3Gt HPLC ¥4 columne C18 (250 x 4.6 mm, ID
5 myE, ABFYE 2540, 05’32 acetonitrile (solvent
A} 579 (solvent B)®] gradient 2L o83 RL 75
S leml/E, UV detector= 203nm A ZHA3}IAT}
Gradient F712 solvent A/solvent B: 15/85, 21/79, 58/42,
15/85, 15/85; run time: 0-5, 5-25, 25-70,
70-72, 72-82, 82-84, 84-100 ¥ 2 3T}
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Leuconostoc genus Woll £33 +=
strain®] 16S rRNA gene €714 EE ZASte] Bioedit

program¥} Clustal X programg ©]-&3t4 alignment¥ &
MEGA3 program®.2 phylogenetic treeE 13 & & o|E

% LH3 92} 7W7he- fa3A10 U= speciesS2 419
- THA] phylogenetic treeE 2SIt (Fig. 2). LH3 4
Leuconostoc fallax DSM 201897 (S63851)2} 99% AF5A-S
Vel Leuconostoc fallax LTH32.2 3 3}93th.

Leuconostoc fallax LH30| MAilsE= §2401 28t Ginsenoside2| &t

2. TLC 240l 2§t ginsenoside pattern AL
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ZAslA 30C, 190 pmoll A wid3bar 2 A FxE &

R E speciesE 9 type

N

:CSEII:

1

23Rt (Fig. 3A). Leuconostoc fallax LH3 #FE MRS
bI'O'[hoﬂ}‘i Z—]'Z]' O.D600 %}: (05, 075, 10, 125, 15, 175,
20082 st & 28NS FAS] 02 mM ginsenoside
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Fig. 1. 165 rRNA gene sequence

CGREGAACAL
SE6TEGTLEAGE
EEATTACTAL
TACTTTAAGA
ECEGCAGTYET
GTIGCGGGAL
CACTTTRTET
GTRAGGRTTEY
GYCARTTEEY
TAGCTCLEEC
GACTACCAGE
AGTCCACEAR
CRCATGEGAGT
CAGTTGAGCT
ARTAARTECE
CGTCECTTTE
CATACAACAG
SCTTECRCEE
TCAGTCECAR
CITIACETEA
ITTTARGCAL
ATCECCTRETY
TGETTTACKY
&CETTY

ARGAGLLTEG
GGCGETRTET
CGATTCCEAL
BATTAGCTTR
GTCTAGRETE
TTARCLCAAT
CEGAAGREAR
JOGCETTELT
TTEAGTITCA
ACTARGAGET
ETAICTAARTE
GLCECEITEG
TCEACTIGED
GTEGECTTIC
GATABRCECTC
TGETRTEGT A
TGETTTACER
ATTGTGERAR
TGTGECLGAT
CCARCTARET
ACTTERTEEG
TAGAGLCAGG
CTCRCCGARG

TCCEAAGTTA
ACAARGACECE
TCATGTAGTE
ECETCGCERE
ECCAACTAAR
ATCTCACGAE
EAATATTATE
TCEAATTAAR
ACETIGLLRT
GGRARCCTED
EYGTITGCTA
CCACTEGTGT
TCTACTGEART
ACTTCAGRCT
GLGACRIALG
CLeGTCACATT
CLCEAANBLT
ATTCECTACT
CAGTETCTCRA
AATRCACEGE
ARTETGTTGT
TIGTCCACHT

TGATCAGGTE

CCCECGOLOTY
GGAACETATY
EAGTTGCAGA
TTICGCAACTC
TGLTGECARC
AGGAGCTEAC
TCTAACATCT
CCRCATEETC
CGTACTCECE
TAACACCTAG
CCERACACTTT
TETTGCATAT
TCARGTTERE
TRACGAREGE
TRTTACCECE
ARTATCATTT
TTCATCACRE
fLAGECTECE
ACTEGGETAY
GGATCERTLT
TATACGETAT
GTTRLTCAEC
ceteactTace

of strain

TGGETGTTAL
CACEGCGELA
CTACAATECS
GTTETATACE
TRRACATAAG
GACGAGLATE
TEAAAGGATE
CACEGETTGY
AGGEGEBAGTG
CACTCATEGT
CGAGCETERNA
ATCTACGEAT
CAGTTTGCAA
TCTGCRCTER
GETECTGECA
CETACATIARA
ACGCGGCETT
GTAGGAGTTT
GEATCATEGT
CTAAGTGAGE
TAGCATCTGY
CETTCRTCAC
LIGGAGTGEA

LH3.

ARACTCTCAT
TGCTGATCEG
AACTGRGACG
CGETTTIRTEA
EGTIGCGLTC
CACCACLTEY
TCAAGALLTE
GLEGGTCLEE
ETTAATGCAT
TTACGLTETE
CGTCAGTIAC
TCEACCRETA
AGECATIECA
CTTTRCGECT
CGTATTTAGE
CTATICTITCC
GCTCCATEAG
GGECEGTGTC
CTIGGIRAGE
LCGAAGECEE
TTCCAARTET
TCTAGCEATA
TITTTIGEGEC
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Rd$} 60A17F WFSAIA TLCE EBAS A3 diE
ginsenoside F229] A3-E &1 4 UUTt (Fig. 3B). 53]
O.Dgoot 1.25~1.75 Alololl 7Hd 32 ginsenoside F22] A3
A B8 #AFE ¢ ST WEbA  ginsenoside RdOA]
ginsenoside F2=2] A8 40) 22 &4 242 tis7] 37
8, & ODge#t®] 1.25~1.75 N EAE ZASKE A
o] A3t Ao R AlEHY

dk2-AJ 7kl W2 ginsenoside Rd®] 23S Fig. 49 e
ATk WEE 244)7F o]FHE ginsenoside RAT ginsenoside
RE A3lks7] AZsIEe™ 6047F ©]F ginsenoside Rde
AR Bago] thEE ginsenoside F2& A¥E = AL A2
& = U}

3. HPLCOll 2§t ginsenoside Rde| Zigh
Leuconostoc fallax LH3°] A4tele 840 23 ginseno-
side Rd®) A$HS- HPLCE o83t ER1SAT}. Fig. 59 A,

35— Leuconosto argentinum DEME581T (AF175403)
" Leucongsio lactis DEM202027 (M2303 1)
Leuconosto citreum KCTC 35267 (AF111949)
7 |---—--m Leuconostc gelidum DSM 3578 (AF173402)
Leuconostoc mesentaroides subsp cremoris DEM 203461(M23034)
* L Leuconostoc pseudomesenteroides NCD6768" (X95976)
—— Leuconosioc carnoswn NCFB27767 (X93977)
strain LH3
— Lzugonostoc Tallax DSM 201897 (8638513

B
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Fig. 2. Phylogenetic tree based on 16S rRNA gene sequence,
showing the phylogenetic relationships between strain
LH3 and related species.
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Fig. 3. Growth curve and its enzymatic transformation of ginsenoside Rd to ginsenoside F2 by Leuconostoc fallax LH3. A: growth curve
of Leuconostoc fallax LH3 measured at O.Dgoo; B: TLC analysis of transformed ginsenoside F2 using the enzymes from

Leuconostoc fallax LH3 incubated various O.Dgg. Developing solvent: CHCl3/CH;OH/H,O (65:35:10, by vol,, lower phase). S:
saponin standars.



Fig. 4. TLC of time-course transformation of ginsenoside Rd by
the crude enzyme of Leuconostoc fallax LH3 at 30C; pH
7.0. Developing solvent: CHCl;/CH;OH/H,0(65:35:10,
by vol., lower phase). S: saponin standars.

B, C= ZZt wHE 2477, Wh3 48A17F, wWhE 60A]7H9]
HPLC &4 A3=E, Al7bo] AHEFF ginsenoside Rd
(retention time 46%)2] peak’} 7F431] retention time®| 53
2 AEHOE HEE7] AJRFESITE Retention time 5329
LERY peake] F3|4AME-2 ginsenoside F20]H, Fig. 5Col|A
1k 60A|7F o] Fo)|= ginsenoside Rd= UF-% ginsenoside
22 HetEe 218 21 o Aok wWEbM Leuconostoc
fallax LH3°] A3Fsle &4+ ginsenoside Rd) C-39)A]90 2
A=} = 28RS glucose F terminal glucoseE £330 51
ginsenoside F2= Zgkel= AL e = AT} (Fig. 6).

4, SAEM0| OlXl= 2%°o] Ast
Ginsenoside Rde] F2=9] A3 gAho A Hke 2o & ¢

fig. 5. HPLC profile of the metabolites of ginsenoside Rd
transformed by Lleuconostoc fallax LH3. Leuconostoc
fallax LH3 crude enzyme with 0.2 mM ginsenoside Rd
and then incubated for 24 h (A), 48 h (B) and 60 h (C)

extracted by n-BuOH, evaporated vacuo and analyzed
by HPLC after dissolved in MeOH.

7] 98 &x w= (25T, 30T, 35T, 40C, 50C, 60C) 60
AIZE HRSAIA 2 AFE FASIATKFig. 7). Leuconostoc
fallax LH39] ZgA%3} Rd9] WS- Fig. 7914 HUA|H
259 §3e A wh=t} TLCEA o)A LH3S Z g4
g3 30CA 7 ®Hojubm, 25Tt 35C olife] 2%
M gie o] g43¢] AdtEe S #2 T ¢ A
(Fig. 7A). 820 &t Wk dnt 3nhgo] His| A3}
NAR 7} vl =}, wpehd 27t Yo whgof HQsl of

S

A

UA|e] HEo7g <lsl 347 AR Fvjzkeg-2 &
o T8 LuoAE G4V gHAdoe] dov) gL ¢
et

2 ¥ HRAHRE HPLCE F3t] AHEAE 7343 4
3 TLC 43 fARE 7438 et (Fig. 7B). & =
o) AL 30CoHA 7 &2 E4E B 25C olst
g 35T o]Afe] &ZolA= o] F43] YolA= Zla ¢
Z AT olv AMAIEW S ThEs 2%l Rhizopus
japonicas 2 Pglucosidased] HALE== 45C (Kim &
Seu, 1989), Aspergillus niger 48 g 2 A. niger 848 g i

Glc“"%
OH 2

Fa

Fig. 6. Proposed transformation pathway of ginsenoside Rd to F2 by the crude enzyme of Leuconostoc fallax LH3.
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Leuconostoc fallax LH30| MASH= S0l 2|8t Ginsenoside2| F&t
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Fig. 7. Effects of incubation temperature on the enzyme activity of producing ginsenoside F2 (A), and relative activity of an enzyme
producing ginsenoside F2 at different temperatures (B).
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Fig. 8. Effects of pH (4~13) on the enzyme activity producing ginsenoside F2 (A), and relative activity of an enzyme producing
ginsenoside F2 on different pH (B).

Pglucosidase®] HA 5= 40C (Zhang et al, 2003), L] ATh o)A ojv] AT AMAALEH ThEsaas]
3 LREAR] BolucosidaseS2] FHEWR2T7F 40~50CQl 7] Aspergillus niger 48g 2 A niger 848 g &l Bglucosidase
£ HIE (Sano et al, 1975; Yoshioka & Hayashida, o] HA pHe 5.0 (Zhang et al, 2003), Rhizopus japonicas

1980y &) eF7F w2 2= & YehiUth 3 Bglucosidase®] & pH= 4.8904 5.0 (Kim & Seu,
1989), Fusobacterium K-6053] Aglucosidase®] & pHE
5. A4S0 DXl pHO| st 6.0 (Park et al, 2001), 2 <13-&el Bglucosidase®] 2

Fig. 8Ax= LH3¢] g Ao Ao thel pH F3FeZ  pHe 5.0 (Zhang et al, 2001) 58 |F+23e= A& W
TLC3OA pH 7.0014 9.0 AlelellA L @=7}F 7B €%k ERATH
o} pHE HESAHES A BAlsle] oA 4oz st

3to] Fig. 8Bol YERTE LH32 23288 pH 7.0-9.0904] A L4
F 84S UERIRIY 2% pH 7.0 7P =& ginsenoside
F22 9] HAdE JERIR o™, pH 6.0 ©|3 2 pH 9.0 ©] AMAREY ginsenoside™ Q14He] F83F oRIECE Q4

Aole BAETF 60% olsk BolAe e A + 9 & AFF] A major AL A WelMe) Fae -
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Ash= major AFEUS JHoE S5 2 HY 48r [
Hod minor ARPEH Q0] Hglo] g7 T) 2 A7 FF
ANx &E2IF Bglucosidase BT Leuconostoc fallax LH3
o] Hu|sk= 45 o]43}e ginsenoside RAZE F22 AFHA]
ZY}. Leuconostoc fallaox LH32] &40 vkg- 2% 30C
oM a8l 7 EU3L 35T ool EAdo] F73]
A3E QL™ pH 7.0~9.0 Atolo ] E2BA o) 7P8 Fko
™ pH 6.0 °]3} © pH 9.0 ol e =7 Hoxe=
AE& FFE = U E3F ginsenoside Rd= ¥Hg- 24417
B ginsenoside F22 HSE] 7] AJ&bslglont vhEA7E 60
h o] UIRE ginsenoside F22 A3}

At Al

Setn THAIHES AT D QA
Qi ese) Aoz FHHALUL olo] ZARMT.
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