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Biotransformation is an eco-friendly and efficient method for enhancing the bioavailability of biopesticide. To
increase the antifungal activity of the crude extract of Cynanchum wilfordii roots against barely powdery
mildew, we performed biotransformation of wilfoside C1G using B-glucosidase (cellobiase from Aspergillus
niger). The mixture (G sample) of partially purified wilfoside C1G and cynauricuoside A (K1G) was treated
with B-glucosidase to remove a glucopyranosyl moiety. The enzyme completely converted C1G to CIN and
K1G to KIN. Optimal conditions for enzymatic biotransformation of G sample were determined to be 10%
ethanol, 1,555 pU B-glucosidase/ml, pH 5, and 45°C. In in vivo experiment, the G sample transformed by (-
glucosidase showed stronger antifungal activity against barley powdery mildew than the non-treated G
sample. These results suggest that B-glucosidase biotransformation can be applied to increase the antifungal
activity of the crude extract of C. wilfordii roots against powdery mildews.
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W= (Cynanchum wilfordiiy= B532]H Aselepidiaceae)
W] 22 (Cynanchum)ll &8t thadAd B2 AE2A
22T, EX2F §o= EdU HY2oR =X E o)
T Fate] AR 23 oy T, dEAN = B
o] zxo|x] 931 TH(Choi, 2003; Kim 5, 2002). ¥z}
B8O 2= Al EA 7Y 3HEo] o] A MEE A
AA71 2875 2 AR EE, 235, =53], 5
W3 WA, By, Wd, AAH o Fo] aAoln, Al
71 % 54 AeA 2e-& 7FAA AUtK(Chang 5,
1993; Choi 5, 2012; Lee 5, 1996).

*Corresponding author
Phone) +82-42-860-7436, Fax) +82-42-861-4913
Email) kjinc@krict.re.kr

s o] sFekA xol tigh A= Hayashi 5(1975)
7} Tsukamoto 5(1985a, b)oll 2|3 o]FoH =y &
2 M3 ZHE C/D-cis-polyoxypregnane =4 <}
2,6-dideoxy-3-O-methyl sugarE ¥ 2] 3} th(Hayashi 2}
Mitsuhashi, 1975; Tsukamoto 5, 1985a, b). F=3+ Lin(1997),
Hwang(1999b) 2 Yeo¢} Kim(1999)2 cynandione A, F
7l €] acetophenone, benzoquinone2- 2] 3} tHHwang 5,
1999b; Lin 5, 1997; Yeo®} Kim, 1999). 2 &%=
phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl
inositol, cinnamic acid, benzophenone, cynanchol emodin,
chrysophanol, wilfoside 55 33 Zo® HEo] gl
U (Hwang 5, 1999a; Lee 5, 1996; Mitsuhashi 5, 1966).
Lee 5(2000)2 cynandione A7} 733t A ARS8 Zt
UL B8 01, Kim 5(2005)2 #3hF QoA &

2] gk wilfoside KIN®] =2 anti-angiogenic activity, anti-



invasion activity ¥ FEF G S Holty RIS
Wilfoside KIN3 72 polyoxypregnane glycoside= &4
ZoM Axd AY, gAday ¥ AE5E4ET Ay
of ATkl A AthKim &, 2005).

I 5} Q.o = polyoxypregnane type2] BTG wilfoside
AL stgEse] F5 ol FA ok vigA stgEES
gt FEGNA 7S B2 AAEolH, AAA A EA
ste B2 WA sigEE 2 AHAe] E4RY B
el stodoltt o] 2 g & 93] 3dti(Akao, 1992). wh
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5 SEZRE HE dA7EY
of sty =2 &S Hole oY EFS 28N,
o]&2 747} wilfoside CIN, wilfoside KIN, cynauricuoside
A(K1G), wilfoside C1G Z&] 2 270¢] A& 2 wilfoside
K1GG} wilfoside C1GGZ 57 = 2 THYoon 5, 2011).
23 671 9] pregnane glycoside 32 oA caudatin
glycoside A|E 2] 371 &2 =, wilfoside CIN, wilfoside
CIG % wilfoside C1IGGE &5 He] g7 sty
=2 @42 13l WA Kidjoranine glycoside AlE<] 371
22 = wilfoside KIN, K1G 2 wilfoside KIGGE &3}
7} A8 glvhs ARS 2 THYoon 5, 2011). B3
glucose®] 7} AEF5 He| S7HEH g WA &3
7t AT AE ARS sk

mEbA 2 AFodA = AR AujEI A= -
glucosidaseE ©]-&-3f] M3l Qo] FHiEo] = wilfoside
C1G9} K1GE Rt} &de] 7d3t wilfoside CINZ} wilfoside
KINS 2 HZAA o]F A THFSE S7/MIFSEA
7R gk WAEAE S S7HATIAAL st

14

LY

AIAR. 2 Aol AR AlEe 20119 109, O
TFFAA A9 ghepiol A Fiete] APl ARSI
oun, FEANFE= d=fslstd el BaEo] k. F
&oo] 24 81 HPLC £44] A3 87f methanol&

MerckAH(Darmstadt, Germany)2] HPLCH-& AF&-3}Sith.
A8 F5 9 8 A] AFE-3F methanol, ethyl acetate,
chloroform 5 (F)713}8H(Pyeongtaek, Korea)2] GR+
S & ARSI gk A3 ARE-E AleF F sodium
azide, citrate buffer, phosphate buffer saline 5= Sigma
(St. Louis, USA) A FY3H 2™, B-glucosidase=
Novozyme 188(Novo Nordisk, Denmark)S A3}

St Ml B2 HE] E2]8 Pregnane Glycosides®] A%k 187

W35l4 2 2 H-E] pregnane glycosides] E7°] 2]
BaA2. skl e FEE25E wilfoside C1GS}
KIGHS 35313 e A B(G A E)%} wilfoside CINZ}
wilfoside KINRHS: 2381l 2= AJE(N A1E)E methanol
5=, ethyl acetate &8 B! TFY3 chromatography 3 S
o] &-3to] 23l tH(Yoon &, 2011). ©]9} o] 23k
A1E 1 mg2 10 ple] methanolZ £33 F 1% sodium
azide(44 ul), 0.1 M citrate buffer(1,938 ul)2} B-glucosidase
(8 pl: 2,488 WUYE A7FsE T 50°ColA] 150 rpme =
whako] 48417k &<k whg-stith. whE-olo] F %] ethyl
aceate® 7Hg tha AT A S FHoto] HavtiE w56t
3L, methanol(100 pl)oll &35+ T 50 pule] AEE F
3}l 450 pl] methanol2 H713 & 34 ste] TLC H4]
I} HPLC 848 A8, HPLC #4279 2= Waters
HPLC 7]7](Waters, USA), Luna 5p CI18(2) column
(4.6 x 150 mm, Phenomenex Inc., Torrance, CA, USA)
9 Corona CAD charged Aerosol Detecotor(DIONEX
Co., Sunnyvale, CA, USA), methanol®} H,0E ©|&4<
2 &l 2 1 mi/min®] $E2 21330k 70% methanol
o A1 100% methanol= gradient systems AF§3FS 3L,
photodiode array(Waters, USA)7} X8 AE7|2 14
st

Z|# biotransformation =7 &3], W02 HE A
719} 7ro] E-2]% wilfoside C1G9+ K1G &2l thatod
B-glucosidaseE ©]-§-3+ 2] biotrasnformation 7S 2
A&t7] 918ke] ¥-SAI7E, ethanol B%, 438 ¥=, pH
2 Lo thet vkSS FASIATH AlEE methanol 2
100 mg/ml =22 §algh § —20°Col| HastaA] AF
o AH&-ak3iTt.

WA wkg Azl wE wilfoside C1G9F KIG EFE
©] biotransformation =& ZAFSIG T F &0l X
e A E(1 mg/10 uh)oll 1% sodium azide(44 ul), 0.1 M
citrate buffer(1,938 ul)e} B-glucosidase(8 pl: 2,488 pU)=
A7Hek & 50°Co A 150 ppm e &2 wHkated 0, 2, 12 2
247k 59t WS35 T} Ethyl acetate & 5 379} 7+
S WHOE HPLC 4% At

Christakopoulos 5(1994)2 ethanol®] B-glucosidase] &
Ae F7P7Ied 9 7IXval Basksith whekbA
B-glucosidase®l| <] gt wilfoside C1G2} K1G2] biotrans-
formation®l] th3} ethanol®] &5 ZASHZ] flsle] A&
(1 mg/10 u)oll 1% sodium azide(44 ul)e} B-glucosidase
(8 ul: 2,488 pUYE H7138F 3, 0.1 M citrate buffer®} ethanol
S AT 2Esle] HEXOZE ethanole] o] 0, 5,
10, 20 % 30%7F H =5 xHsATh &4 HF Fo

N



188 219 - 719 wloal - MR} - A -

= 2mlol¥leH, 50°CNA 150 rppm O 2 W HEs}e] 244]
7F & vhg-skTh

shA, FZo] a4 AHS AAsk| 918l B-glucosidase
(11 U/g)E ZH2F 12440(40 ul), 3110(10 ul), 778(2.50 wl),
194(0.625 pl) 2 49 wU(0.156 pl)yo.2 zdste] 22 akg]
th Al Z(1 mg/10 pl)oll ethanol(200 pl: HF5%= 10%)2
1% sodium azide(44 ul)E H7Fs+ ¥, 0.1 M citrate buffer
g ol &3t FHF FI7t 2mlo] HEE 2HEIHROH,
50°ColA 150 rpm e 2 wHbske] 244]7F FoF whS-51

B-Glucosidase®l] €]t wilfoside CIN3} K1G9] biotras-
formation®l] tigt H& pH Z271& A3 flste] A=
ThE pH ZAstolA w3 AAJstdth. 71E g At
249 citrate buffer®] pH7} 4.5°]22 1M HCIZ 1M
NaOHZ ©o]&3te] pH 3, 4, 5 2 628 2H3 9, p-
glucosidaseE 1,555 uU/mlS ] 2]3ke] 50°Col|A] 24| 7F
S wnkEHA §ANHS fESIAT

X3} biotransformation®] 22 2% ZAL ZALSH] 9
stof, 7] A@AF M AR E 27, 5 10% ethanol,
1,555 pU B-glucosidase/ml 2 pH 5 ZACE A|RE *
gl & M2 g8 2% 27, 3 30°C, 37°C, 45°C %
50°C 27 o® W& AAs

Biotransformationsl 32| 3754 WA 2. 7]
o} 7bo] AA3 H& ZACE biotrasformation® A EE
WA ] Algef Hlarste] BE| S7FFH] ek WA
S z2AYEF Y wilfoside CIN K1G 23 0] xZ g3k
NEE FEFE 1 mg/ml F502 2838 5 10% ethanol,
1,555 pU B-glucosidase/ml, pH 5 & 45°C 2702 244]
7F g skleH, FAg e A RE 20
FYUSAI T B-glucosidaseE HA] 3L thAl citrate buffer
£ U 7K & A58 nRVEA 2 24A17F A skt
7 ml vialg AFE3 o™, Z}2He] vialell & B3¥E 2 ml

=

7% - AR - 2194
o]t} 2¥kE- 0 7 AAF} O™, 244 7F Fof Tween 20
o] 250 ug/ml FFo7 LT3 YE Loz 104,
200 2 40u) 2 3A3te], FEF 1€ A He] 3ATEHe
WA @32 A1 Aol AMed BEls AE 4.5cem
o] Fet2Y XEo] Ad& FEE 0% F= A2 5,
TAE dEste] 25£5°Ce AN 157 Aol
AlE AY 19 Foll 19719 BElo] HAd#S HEsH
20°Ce] 250 WS frtar, 8Y Fo
HE2 A THCho 5, 2006; Kim 5, 2001)
AL 3O R HAAFIN AL, o]ZHEH I B

2 olgsje] Thawh e Aol wek WAZHE Asieet.

WAZHY) = [(FAE T EHE - AT Y E)
[ FAE T EHE] % 100

of

EAAE. ZE Z3E= PROC GLM procedure(SAS
institute, Cary, NC)& AF&3lo] A Atk 7+ &
2o whel MBS FFXE FASIL, BAE FoA

A2 Jdu A F4HEA] (one-way analysis of variance)

f

< ¢t ¥ F & 3l Duncan's multiple range test(P =
0.05)5 o]-&st] izt 2t 77k {FoA el A

B-Glucosidase *] 2] o] 2]t W35 2 - pregnane
glycoside”] 29| biotransfomation. H]3}59Q Y22
HE 355 F /)9 A&, wilfoside C1G KIGE X
3t G A 59} wilfoside CIN} wilfoside KINS- 233 N
AEE B-glucosidaseE A& st & TLC A4S AAEHA
t}. TLC ¥4 A3}, B-glucosidaseE *2]3HA] &2 NA|
FolAM = wilfoside CINZ wilfoside KIN 22 ] Rf value

40000 | a b
D Ezoouo- J\ L
0.00.] . o \J P, - _IH
300.00
F c |d
~ 20000
€ 100,00 \ LM
A B c D 0004e e _ﬁ._Jﬁ\A/"IL"- P
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Fig. 1. TLC and HPLC analyses of pregnane glycosides transformed by [3-glucosidase. (A) non-treated N sample containing wilforside
CIN and KIN. (B & E) non-treated G sample containing wilfoside C1G and cynauricuoside A. (C) B-glucosidase-treated N
sample. (D & F) B-glucosidase-treated G sample, a: cynauricuoside A, b: wilfoside C1G, ¢: wilfoside K1N, and d: wilfoside CIN.



G HELE o] Walre

0.6914 E4o] AZHATKFig. 1A). EA7F A=A 2
S GAIR A= wilfoside C1GZ K1G E& o] Rf Value
04914 HEH S E‘r(Fig 1B). o]l H]3}e] B-glucosidase
2 A3 F AJE RFIAE Rf value 0.69A417F &2
o] AEHHUI rqlfoﬂ wilfoside C1G¢} K1Gol| A D-
glucopyranose”} 7FrEs| = Hol4 e} F Fdo] 71z}
wilfoside CIN3} wilfoside KINS.Z At A
& 4= SItHFig. 1C, D). HPLC ¥4& 33k 43 p-
glucosidaseE H7FekA] &2 tlz=TollA = wilfoside CIN
3} wilfoside KIN®| E&|Ex] & a2 Fof e dt
Hell(Fig. 1E), wilfoside C1G2} K1Gol| B-glucosidaseE 3
71k Aol Ae 713 229 o] FoEldte AM
S & 4 AdAY. o] ulEl wilfoside CIN wilfoside
KIN®| §&Fo] F7tel Z1& &1 + AUATH(Fig. 1F).
A B AFAES AdAl EAstke wiEAl §]rffL
EEHE 2 AA e SR T2 Ealste] o ¢
g g IRlsk= A+E FstaL Ut ol &9 Park 5
(2012)S EFO ZHE ginsenoside HA3ho] 7153 42
AR, o] FFF o83 A=A Moz dox

compound  K[20-O-B-D-glucopyranosyl-20(S)-protopanaxadio]

spelziel

£2]3t Pregnane Glycosides®] A%+ 189

BHHAE S o122 T A B

. Kang 5(2008)2 274 2%F crude platycodins
= Aspergillus nigerg °©1-&3t & Alg &S Y
FrEaliste] dojzl Edo] g deo] EdHT ¢
slatsl B sregde ety B yskeoh
olg} Jeon 5(2009) thEe 2 RHE F&
B-glucosidase® 7}3-3 51 rhapontigenin® AU,
tyrosinase A3 2 Wahd A A TS v 2
A3} rhaponting 7HE3)| 5l A4 rhapontigenin®] 1
5ol 453 53 AR ‘JrE]r AT B skl o,
Dreessen 5(1981)2 ]3] E0]3)+= sennoside= AF5H2}
o] giAT, A B-gluCOSIdase‘-‘ﬂl ofs)| 3l A=
°l rheinanthrone o} 7338k AlelzhgS YeERATIE B
JEkth wEbA 2 AE dFME o F ARl p-
glucosidaseS ©]-& 3] wilfoside C1G9} KIGE &4 o]
-3+ wilfoside CIN3} wilfoside KINS.2 A%tz = 7
solstior g ks rhoksl g% A3 W AEFoF
Aol ojm] Q= 7= A5V E AR ARETH

Fig. 2= wilfoside C1G9} K1G ¥+ o} 2} wilfoside
C1GGe} wilfoside KIGGE B-glucosidasedl] 2J8) wilfoside

t
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Fig. 2. Proposed biotransformation pathway changing from wilfoside C1GG to wilfoside CIN (A) and from wilfoside K1GG to

wilfoside KIN (B) by B-glucosidase.
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Fig. 3. Time course HPLC analysis of wilfoside C1G and
cynauricuoside A transformed by [-glucosidase. a: cynauricuoside
A, b: wilfoside C1G, ¢: wilfoside K1IN, and d: wilfoside C1N.

CIN# wilfoside KINS. 2 3HE 4 gtk A& Uel
A Aol

B-Glucosidase®ll 2]3g} wilfoside C1G¢} K1G2] 33
biotransformation =7). wilfoside C1G2} K1GS * &
3l AE G A1BE 7HA 2L B-glucosidased]] o] 3 Z A
biotrasnformation 712 ZAISIt}. 10% ethanol, pH 4.5,
B-glucosidase *2]A] A|7Fo] Aol whe} wilfoside C1G
o} K1GE] $FaFo] 7438}l wilfoside CINS} wilfoside
KIN®| go] F7tste 43S EAh 2447 vk Al
wilfoside C1G2} K1G7} wilfoside CIN®} wilfoside KIN
o= $H3] HeEE AS IAT F UATHEFig. 3).

SHH, B-glucosidase®] €/doll thg 4 ethanol &<

AV8E A3}, Fig, 4A91A €} 7220] 10% ethanolS #]2]3}
o} wilfoside CINZ wilfoside KIN®] &FeFo] 7}

5
e AL HAY & AU EF AH) 52FS 24}
51 A

B-glucosidase/mlZ e+245 wilfoside CIN3 wilfoside
KINS| &&o] F7138FA AT, 6,220 pU B-glucosidase/ml
ANMe © ol F7FskA ¥l o3| ot fHiske A
&S Ho] 2o §4HFOF 1,555 uU B-glucosidase/ml
2 A4 = Arh(Fig. 4B).

Tk HH 9 pHE XAME A3 Fig. 4ColA B vfet
7ol pH 4.03F 5.00014 A9 Mg FFELE & T
9] wilfoside CIN#} wilfoside KIN9] &3S W x| 7H
pH 5.0914 7H¢ =& FX& EQA7] "ol A pH
2 502 A3t gk vhg 2xof g S =
AbE A 30°CHE 50°C AtolollM= AL vl A3t
E HAARE, 45°ColM 7P =& A& B7] Wi
HAEHo7 kg L2 45°CE ZA 3 tkFig. 4D). ©]
Fe] ArAA=RA Mo 2RE Z2|3 wilfoside CIG
9} KIGE B-glucosidases ©] &3t wilfoside CINS}
wilfoside KINS-2 ghel= %2 202 10% ethanol,
1,555 uU B-glucosidase/ml, pH 5 2 45°CZ AX 3} c}.

Biotransformation¥ | 5.2] W] 37}FHd g
AZ. et HFZE2FYH £ wilfoside
C1G4} K1GE B-glucosidaseE ©]-8-31°1 biotransformation
g & B A7l st HE 1949 UAEHE =
AFeE A3, Fig. 591419k ZFe] BAlZ#7} S7tkelhe Ao
2 UERSTE 108 3|4 He] g FAFCE freofgh A
o]F Ho|z| FSkAIRE 20u4 e}t 40u) A uj oA =
biotransformation Z Bt} Fof EXo] Z7}5l= e A
o2 e

ole] A A= AE FOENEH FEI EHY A
T 2oy 345 Aiteke mAE S o] 85k biotrans-
formations &3¢ FERWSIE S5t EHE FXAEL
F ASS YeEldY. B-GlucosidaseE AAtstes dF=
= Lactobacillus <5, Bifidobacterium sp(Yeo %, 1993).
Sporotrichum cellulophilum(Kim=} Nam, 1984), Aspergillus
niger(Sung 5, 1997), A. nidulans(Jung 5, 1983) 5°| X
axo] 9lom, o]Fo] Aikel= B-glucosidase”t o] A~Ee}
A ] kel ol o] githa Ry E AT A
e FANT7] f1g v gst B F A Eo] o
biotransformation> epimerization, hydration, hydroxylation
2AE F7mEgo] A2 Aol Utk wEba HluiEs}
AEs AEFF &I A= S4E SN

LI
4 & e 7ol 55 JoeE dAddn
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Fig. 4. Optimal conditions for enzymatic biotransformation of G sample containing wilfoside C1G and cynauricuoside A. The letters
indicate values that are not significantly different (P = 0.05) from other values with the same letter, according to Duncan's multiple range
test. (A) Effect of the ethanol concentration on biotransformation of wilfoside C1G and cynauricuoside A. 2,488 pU B-glucosidase/ml,
pH 4.5, 24 h, 50°C. (B) Effect of the B-glucosidase contents on biotransformation of wilfoside C1G and cynauricuoside A. 10% Ethanol,
pH 4.5, 24 h, 50°C. (C) Effect of pH on biotransformation of wilfoside C1G and cynauricuoside A. 10% Ethanol, 1,555 pU B-
glucosidase/ml, 24 h, 50°C. (D) Effect of temperature on biotransformation of wilfoside C1G and cynauricuoside A. 10% Ethanol, 1,555

pU B-glucosidase/ml, 24 h, pH 5.

100 a a
—~ 80 A a
) b
3 60 A -
©
>
O 40 -
"g’ b
=== Before
&) 20 -
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0 1
40 20 10

Dilution (fold)

Fig. 5. In vivo antifungal activity of the G sample transformed by
B-glucosidase against barley powdery mildews. The letters
indicate values that are not significantly different (P = 0.05) from
other value in each dilution with the same letter, according to
Duncan's multiple range test. Before: before biotransformation
and After: after biotransformation.

AP Ao AA B-glucosidaseE AYAtsl=
Aol gk AFE FePstar lom, 5 o
o]-&

;7(4<A
]

s
Eis

sle] wlEl4 9 F2 pregnane glycoside?]
3 u

biotransformations &3+ W3l 2FEE9] AVEH

2 o
e 218 Aol AE0] &S F T A
B ol Wl FEES B
7 tiek FHEAES STV @ A
E2 B-glucosidaseE ©1-8-3t wilfoside C1G2] =4
S 3313t} Wilfoside C1G9} cynauricuoside A(K1G)
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wilfoside C1G2} K1GE 717+ wilfoside CIN3} wilfoside
KINS 2 ¢bd3s] [t G A8E ol &5 =S
o HA 2L &S 10%, 1,555 pU B-glucosidase/ml,
pH 5 2 45°CE2 ZAA AT HA2HS S AEAS
< AAgE & 7R gt A EAE A A3
B-glucosidasedl] 2J3] AE=HFE G AIEE B-glucosidase
7F A=A 42 G AlERY B dA7HEEl e -
T3 A EHE Yeblth wWEbA B-glucosidaseE ©] &
st AEAS2 VY A a3t e WEge F
29 FHHE ST 783 7IeE 480l
7Fed ASR }.
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