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1 mMe} JAAREY Rby 3 A vl g & A=34 H3-& TLC, HPLCE AME-3le] SRSt a4 9
3k Q14 AFEY Rby 9] A¥ A 2= t3 2t} LB: RbNeobio R&D center, Gyeonggl—do 16954, Korea
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Z7k171= Aol BAFU o]d] B Ao A= ginsenoside Fo&t compound K 3 <14+ A3k 250

AA 2A 2N FLrEAL 3150

Abstract: Ginsenosides (ginseng saponin) as the one of important pharmaceutical compounds of ginseng and is respon-
sible for the pharmacological and biological activities. These ginsenoside produces diverse small molecules ginsenoside
which have more pharmacological activities including anti-wrinkle, anti-cancer and anti-oxidant effects. In the present
study, we isolated bacteria using esculin agar, to produce S -glucosidase, and we focused on the bio-transformation of
ginsenoside. Phylogenetic tree analysis was performed by comparing the 16S rRNA sequences; we identified the strain
as Stenotrophomonas rhizopilae strain GFC09. In order to determine the optimal conditions for enzyme activity, the
crude enzyme was incubated with 1 mM ginsenoside Rb;. Bioconversion of ginsenoside Rb; were analyzed using TLC
and HPLC. The crude enzyme hydrolyzed the ginsenoside Rb; along the following pathway: LB: Rb; = Rd — F; into
compound K, TSB: Rb; = Rd — F,. The structure of the hydrolyzed metabolites were identified by NMR. The activity
screening tests showed that the conversion product induced the production of type I procollagen in a dose-dependent
manner. These results suggested that hydrolyzed ginseng product containing the ginsenoside F, and compound K could
be useful as an active ingredient for wrinkle-care cosmetics.

Keywords: Stenotrophomonas rhizopilae strain GFC09, ginsenoside compound K, anti-wrinkle, bioconversion
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A4+ (Panax  ginseng C. A. Meyer)< 2713
(Araliaceae)oll &3t thd thdA sZx22A4 S2uvt
2= dEste ofAZ &850 1] Ao tE
Al ek Q] JMAIET = ginsenoside= T3
O = ftriterpenoid dammarane =7 2] aglycone®ll glucose,
arabinose, xylose, thamnose 52| @o] 23 AAHH
G 24 Q14He] 71 T3 felEAAECE
FE I ATH2). 53, FAEE3], B34, F=E
gl 2[5], &4teHe), FLE ] 2 1Y 75 371l H
ol Ayt ol AHoE FHEAA FHEZ
S A & = AIAEZ A FEE Ao A
AbEUE EfH 29 o] =A1 9] Dlgh(dammarane) 7]
AP O B2 A QG & A ETt F2 EX)eh= 579
At o B HGE-Eol whe} 434 o] HullA AR
U 533 0] SelohdAl At d e 2F/E TEE T
GotElA AP S T A] BIGEEC] Eole T4
(-OH)2] <ol we} 2701 74§~ protopanaxadiol (PPD)A
AREA, 37021 739 protopanaxatriol (PPT)A| AFEH L
Z ol THS). AAZRA] Q1A AREE S o 404 F
ool Bixo] lom, GO A A F/ol
we} 85 EA40] 7] g2 EA4S AYar U9, 10].
53], AdAA EAste oldd wiEA =<
major AFE Y] G 7hEsfoll ofsked RHE01%] minor
Aol major AFE ol HSle] F4u} oFa SR
Al R Hojd a3E Yepdtha Ha[11]5 o] o] &
kst z} sk o] &Aoo ' o] Fo| R AL Tt
£-3] protopanaxadiold] AFEZH] &3 AMARE
Rb;, Rb,, Re, Rd 528 TJAMHER] compound K (20-O-
B -D-glucopyranosyl-20(S)-ptotopanaxadiol )= ¢ A 3]
AAES AT 2N AT Aol e Ho]
£ 9E F Uve Hold dgEA o] EI[12]FH 5
WA Qlow, Hole FE oAl 2 AF 3 o
A &7t Ba13]9 vk 7154 SPEE A 2A 9 o]
& 74 2 8 =3 FTkstal ok AT, A5 7t
Ao Abxd A ASATE FE AWM
Bifidobacterium minimum KK-1, B. cholerium KK-2, B.
sp. Int57, Bifidobacterium. sp.[14, 15], =8°][15], EF
TH14] 5 v Eol o) o]FoH o thFE 7]E0
e EHo X FFo] FEoly FYH E4E ol &ske

N

oigtsla-Esks] A, A 4149 A 4 5, 2015
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FFolt}, upgkA] ol EF & VA= MEE FFE
EE3taL o] & ©]83F compound K& tiF o2 A4k

T g e VES MEste AL 88 o9& Ad
ol & 4 QU ol & AFeAe MEL AES
st o] & Bl AR WEres Jidske
7154 AEF 2AE 8T F U= compound KE
Aakstal olo] g5 & tiste AFstazt st
k.

21, M=

772 & st A 21 EYE A7E 10
N AYGoA FHSATE A4 ARET A ZEZ Ry,
F2, Rgs, compound K 2! Rhy&= Q14A&A]2-8) oA B
Hhol ALE3IH 0™, TLC plate= 60 F-254 silica gel
plate (Merck)E AH8-3}% 31, HPLC 7]17]% Futecs Co.,
Ltd. NS 3000i system= AH-&3}t}.

AEE HHFFE 10794 10°744] 3]43kaL R2A
agar plate®l] 100 uL2 smeardt & 30 ColA] 24 h v
st #FE 1005 28Tk E2¥ 52 esculin
agarfi[16]= ©] 83} S -glucosidase A FF5 Ak

Bk,

23, #Fo T

2] #F2] 16S rRNA gene G714 AL (F)A =E
(Daejeon, Korea)oll 2% 3o BigDye terminators ©]-§
3k cycle sequencing WO Z Applied Biosystems
3730xl DNA Analyszer 71715 &3l 433t &2
52| phylogenetic treeE 18]7] #3141 GenBank®l|
SE5 9] A= sequence datas ©]83t HeE FFo}
W7k 1A ol )= A # speciesE2] type strain®] 16S
tRNA gene 714 EE ZASIAL o] 52 A7|MES
Bioedit program3} Clustal X program ©]-8-3}49 align-
ment StAT. FFE WA S FH = A
Kimura two-parameter model-S ©]-838}%311[17], MEGA
3 program2][18] neighbor-joining % maximum parsi-
mony'3H O E AlTE7eH HAE AASAh
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2.4, BF ZEAHO| AMAL

Esculin & o]83te] £8|3 B-glucosidase E43
< 7H strain GFC092| ¢5-2] A4 =1 W& Ak
d 238 w|wslr] 918k LB broth, nutrient broth,
tryptic soy broth HJA| & Z}tz} o]-83}ed 30 C, 190 rpm
ol A 48 h &<t AE Mgkt Tl YL 4 TollA
15,000 x g= 10 min VA7 3te] AEE AAsI
FTAL 4ue] Yzt oe&S HUbste] SRS £F
AZL 20 CollA| 40 min WX|3te] S-S HAAZ
o} 9 &AL 4 TolA 10,000 x g2 40 min YA &
< e Wil A E2 20 mM sodium phosphate
buffer (pH 8.0)°ll &al|A1A &AW 02 ARSI

i

2.5, Ginsenoside?2| ™=t

Strain GFC09 #FZHE] g, 243 F |
mM ginsenoside Rb; 2} &3} 30 C, 190 rppmollA] 72
h HSAIZ T RES A F 24 h (A2 WHEEFE
< 1.5 mLA FHoto o FEIRGFERE FE510
TLC plateo] A3}l Rde] MRS Q1I5AT.
23k TLC plateS CHCl; / MeOH / H,O (65 : 35 : 10,
viv, %) EFEME 5.5 cm AR F 10% H,S0,Z
EFste] 7tEE Sal DA AT

2.6. HPLC 24

W& IS FEE8YL AYsST &
HPLC-& Wgh-&o] 83l3}F3 0.45 yum membrane filter=
ofste] #4802 Shth. HPLC &4 column
C18 (250 x 4.6 mm, ID 5 um)<, sample T WS 25
uL, ©]-573L acetonitrile (solvent A)3} 5F5(solvent
B)9| gradient &71-& ©]-839 i 452 1.6 mL/min,
UV detector® 203 nmolA =43} Gradient Z71
2 solvent A / solvent B : 15/ 85, 21 / 79, 58 / 42, 90
/10,90 / 10, 15 / 85, 15 / 85; run time : 0 - 5, 5 - 25,
25-70, 70 - 72, 72 - 82, 82 - 84, 84 - 100 min = 3}S]r}.

2.7, Het Aol 22 ¥ NMRE S8t 1= 33
Strain GFC09 TFZFHE Za4ady} |

mM ginsenoside Rb; 100 mL 843} 1t

A2 100 mLe| XS REEE 3W W 353

40 CollA 7t F=F3tAth 55 W& 4£F9

o2 8al3ted Shibata® ol W} silica gel column

chromatography & ©]-8-3t4 12} 2|33t} Silica gel
column (50 mm x 280 mm)°l &3F ¥HAES F2AIZ]
3., CHCI; : CH30H : H,0 (65 : 35 : 10, v/v/v, lower
phase) EFEME o] FHFo=E st & s}
Rk EEA2 20 mLA F 30709 £ o g who}
TLC ¥4& B3t ittt 1% s E89==
EH ginsenoside compound K2 FH = HE 45
S & o &34 471 913k RP-18 flash column
chromatography & ©]-&3}e] 22} B8] A ). 23 &
2] & 9% 7171 flash column chromatography system
(Biomechatronic, USA)S ©]83}99 9™, acetonitrile
(solvent A), water (solvent B)S &v|Z 3} solvent A
: solvent B&] H]€9°] 0 - S min 5 : 95, 5 - 25 min 30
: 70, 25 - 80 min 70 : 40°] HE=F 3} on, §EEE
+ 20 mL/min & st sk E2lE e A=
2 pyridine-dsl =] NMR  24&  Aldetoh
'H-NMR#} BC-NMR-& 400 MHz FT-NMR spectrometer
(Varian Inova AS 400, USA)Z =435t}

2.8, MIZZHH

T3k human dermal fibroblast neonatal (HDFn) A3
£ Dulbeco’s modified Eagle’s medium (DMEM) HJj Z] ]|
10% fetal bovine serum (FBS)3} 1% penicillin/
streptomycin (100 U/mL)S 37}t 5% CO,, 37 C =
skl A vl skt

29 M=z M= =X

ME AEE 4L Mosmann[18]9] WS $83)
of MIT AZFHE o]-&st] SA3IATE 96 well plate
ol HDFn AlZE 1 x 10°7]% E3F3}] 24 h w43 &
A% F AAZIS gofdt 2 AFRE FUiskgn
HjoFo] Zubd Hjeke ] 5 mg/mLe] MTTEY 10 uL=
A7Fstal 37 CollA 4 h A 2]3 B DMSO 100 uLE
7K 2deloll A 10 mint JBAA HEZ djol] Eof
7 MAE FES| £EA17] 3 ELISA readerg ©]-8-3}
o] 570 nmolA FBEE SHIATH

oL

210, MMP-1 Xolf & Szl detds AIF
HDFnAlZE 6 well platel Al well @ 2 x 10°

cellsymL =2 H]F3la], 2F 80%2] confluencyoll =

39S u, 6.5 Jem® UVAS ZASFITE UVA XA 3
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Thermomonas haemolytica DSM 13605" (AJ300185)

p—
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Escherichia coli ATCC 117757 (X80725)

Figure 1. Phylogenetic tree based on 16S rRNA gene sequence showing by the phylogenetic relationships between strain GFC09

and related genus.

S Aeste] 24 h w3t ATE 24 h
Ropal AR 7]elA 10,000 x g,
5 min ¢ AED AFT I AF5Y 52 MMP-1
2 fluorokine human active MMP-1 fluorescent assay kit
(R&D Systems)= AH8-3FHA] fluorescent assay©l 23l
A &Fs}sl 2™, procollagen type 1 protein synthesis
kits o]-&ate] Zehll Ao C-Ee oS SA e
Rt

211, SAXE

AP F 33 RO R AAEHoH, BE A3
ol FAAE= 2383k SAS (statistical analysis
system, ver 9.3, SAS Institute Inc., Cary, NC, USA) 2=
1S E319] two-way ANOVA HHH O 2 A2t
AT 2k ol A= p < 0.052 BAAEY 3t
At

k-

3. Zu 3
3.1. Phylogenetic Analysis

Esculin *H < o]83ste] 3t Zd EGolA gt
B -glucosidase &< 7}zl strain GFC09 w5-2] 16S
rRNA sequenceS NCBI® 4] BLASTE ©]&3}] 555
a+FEHR] FeAE vl A Stenotrophomonas
of &3 #FE9 /MY =2 AEAS YERIT

ekslaEsta) 2], A 4148 A 4 5, 2015

Stenotrophomonas genus ol &30+
type strain®] 16S rRNA gene 7|4 <
BioEdit program3 Clustal X program= ©]-8-3}4
alignment¥+ ¢ MEGA3 program ©-= phylogenetic tree
g 18 2 5, °]E F strain GFC09 #5¢} 7}7h&
FABA N JeE TEES AE3I] THA] phylogenetic
treeS 2HAd 8 THFigure 1). Strain GFC09 o5+ S.
rhizopilae e-P10"(AJ293463)} 97.7% 7355 YER]
ZF S rhizopilae strain GFC09Z 53t}
3.2, TLC EM0i| 2J$t Ginsenoside &t At

Strain GFC09 & NB, TSB, LB brothol| A 714
x5 A A5 W & AT 284 Q]
mM ginsenoside Rb; 3 A|ZHEE 24 hi-H 72 h7}A] 24
h IFA 2.2 WHSAIZ Y. Figure 2004 HE nlel 2o]
w75 AR A A Y SRl wE Rk e
HET AES de A4S I & I LB HiAIE
A3 7§ ginsenoside Rbji= AlZto] A=Al X
2F FAskal F3F 4HER] ginsenoside FoE A4 ginse-
noside compound K= F&5= Zlo] g21= 1, TSB
2| & o] &3 H$ HFZHOZE ginsenoside F,5 AY4F
< Aol AU HEo] NBHIAE o] 82 74
- ginsenoside RAE H& AMI=EE o] €T &+ U=
o] #EHAY. o= w79 A 2o wet EHlH

a4 T/ 9 A wet Ze ATl ke

o
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Figure 2. Microbial conversion of ginsenoside Rb; by the
strain GFC09 cultured in different medium. Developing
solvent: CHCI3-MeOH-H,O (65 :35:30, v/v/v, lower phase).
S : ginsenoside standard.
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Figure 3. HPLC assay of conversion of ginsenoside Rb; to
compound K by strain GFC09. A; ginsenoside Rb;, B;
transformed matabolite.
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Figure 4. Conversion pathway of ginsenoside Rb; by strain GFC09 in different media (LB, TSB and NB).
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3.3, HPLCO|| 2|5t Ginsenoside X3t 4£8 =0l

S. rhizopilae strain GFCO9°] AAstE &4 ¢
ginsenoside Rb;&] A% &S HPLCE ©]&3}o &
S+ T} Figure 3-/] 24 h¢] HPLC &4 A=, A7to
733245 ginsenoside Rb;2] peak”} 7431 ginse-
noside Rd ¥ ginsenoside F, 12|31l compound K2 g+
H A} wEkA S rhizopilae strain GFC090] AJ42+sh=
J A+ ginsenoside Rby= Rby > Rd — F, — compound
K] =02 ASAITE A& & T YA THFigure 4).
HHg- 72 h & 1 mgmL Rb, 9] 23 4%“-1 o7 el
sto] B As} Rb 9 ¢ BF EIEE ERIEH

Lo

o rE o

0.43 mg/mL ginsenoside F>2} 0.189 mg/mL compound K
7t AP sk,

3.4.22/E 3etE2 NMR 24 Zt

229 3Ee] NMR 7% 5423 ginsenoside
compound K-S It o, 1 AF A= o
3} 2t} '"H-NMR spectrum: 8 3.42 ppm (H, dd, 11,8,
J =52 Hz), 6 5.18 ppm (‘H, H-20-glc-1°, J = 8.0 Hz),
8 5.25 ppm (*H, t, J = 6.4 Hz). “C-NMR : C-24, C-25,
20-gle-6’, 20-gle-1’= ZH2F 6 126.01 ppm, & 130.92
ppm, & 63.11 ppm, & 98.33 ppmOZ FRIE o™ o]=
7]1E&ol BRI E[21] 20-O-[ 8 -D-glucopyranosyl]-20(S)-
protopanaxadiol Q! ginsenoside compound K2} 252 &

D=

3.5. MMP-1 AMsl

StA]
= O
Az A% AES

AZsle] MMP-1 FEE 27
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Figure 5. Effect of converted compound on (A) cytotoxicities,
(B) MMP-1 inhibition, (C) type I collagen synthesis.
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gt A3= Figure 5BoF 2T} UVAAE] A$9] vlwE

&3ted UVAel 3l &A43kd MMP-19] <o FAIE
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o A4 AT HEE AE7F €AskE MMP-19
AA o ol v A= FFS st B Ax}p #5
of 9t QA Al HEEAL FAjg|Tol vk
oF 48%9] AAE&S YEllE A& 1T T AUk
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Edo] Hojut i3l EH4YLS UL

%
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36. Zakl sty =7
598 A Frdel Fepae o5 213l
EASE ARoAENN ZEFUAS A Y48

o Aot oA e ZEFeple MEerE
Z Eu|Eo] M gl E3)3= procollagen pepti-
dase°ll &J3l C-peptide”} &l =21 A3}t }4-S A
2 &4 ZeeE HEdn o3 dElE o83t
of Zepdl AR ZF] S AFE AdfrobMl el Abzd
A% E4E A3t procollagen type 1 C-peptide
(PIP)2] St&F-2 ELISA kitE o] &35t A3t 1
éﬁrh Figure 5COll Yebt ok Ab2d M8 E2&
cHz AsEe 731_(';’ Zala o] BT o=
X—] OE —7]-6]—0 0]- /\)\Oj\q_ q]z:ﬂ—‘/] ia].fﬂ /\g/l']
FE 100%= & o, Abxd H3 528 100 ug/mL A
Y TEE AP AT thxTel sl 185%2] &
2l BE F7HES Holal e Aol #EEHI T

4.2 E

B QoA Qike) Amdste] B2 Fale ol
A AEd AFFEAES MK S, rhizopilae  strain
GFC09E Zg3tith & %L A% =0 o]tk
Ag A1 4 A= HF 4H=0] ginsenoside Rd, F, 2

compound K= E]-é—’F?Oi AdAoz EZS A

e 5 gle wEol 8l

1= AL IAsIA. S. rhizopi-
lae strain GFC09%} ginsenoside Rb, 2] WH3-0.2 AJA
H F, ¥ compound K & d% EHS& &8sl &5
B+ % A3, AbEd A3 AAHES 100 ug/mL

FEoA MEZEA glo] 165%9] Fehll A8 S7Hs

S Bt} o]= ginsenoside compound K¢} 22 minor
ginsenoside2] 5717} MMP-1 A3lol] F&-& Fri= 7]
=9 A7 AH13]9F W dEshE o8 B 2 o
Fol oJaix FFol Bt e EEES tiFF AN
T So] Y7t glom gko g =
o1& s} Al7l= 7ol g
Haf v o Hojth. A8 o=
S. rhizopilae strain GFC09-2 14+2]
A A7 B8 7HA AL glemn, o
AP AgES 39 Fepal A4
of FEMA EF LAZAY AL 7
T AATH
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