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oF: WEUISTE o83 7N 9.7ty HA Aol salicylic acidS HEH(0, 5, 10, 20, 40, 80 pM)E 2|3}
220l A eleutheroside™ AAtZFe] BAIS ZAFSATE. Salicylic acid A2l s=® HA 2o A4S g
TolA 44g dry weight(DW)YLE 7FF =k0H | salicylic acid F%=7F 27142 242 A4S 746t 28y
eleutheroside B, E 2 E] gte thAlZ salicylic acid =7F 252 S715t] 80 uM X2l 2+ 1795,
1169.9 % 454 ng/g DW= AAkge] 7P Wttt ¥R 1 LE eleutheroside ] FAILHES FA2]TrellA] 49758 pg/
LE AAsle] 71 -3tk 80 M salicylic acid *12] 3 1597} eleutheroside 72 $HS ZAMSH A3
eleutheroside B salicylic acid¥2] ¥ 9UA), eleutheroside E ¥ E2 A2 & 6dA 2z} 71 B AAHS B

Tt

Abstract: This study was carried out to investigate the dose-dependent effect of salicylic acid on both the
adventitious root growth and the accumulation of various eleutherosides in the bioreactor culture of Eleutherococcus
senticosus. The highest biomass production (5.4 g DW/L) was observed in the absence of salicylic acid, while
the root growth was significantly decreased by increasing the concentration of salicylic acid. Salicylic acid
stimulated the production of both eleutheroside B, E and E,. The highest levels of eleutheroside B (179.5 pg/g DW),
E (1169.9 ng/g DW) and E, (454 pg/g DW) were obtained by the addition of 80 uM of salicylic acid. The
maximum eleutheroside production was 4975.8 pg/L when salicylic acid was not added. In addition, when the
adventitious roots were cultured in the basal medium supplemented with 80 puM of salicylic acid, the highest
levels of eleutheroside B was observed at the 9th day, while eleutheroside E and E, were observed at the 6th
day, respectively.
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HIA] o] oF 80%= 1A 3HH He] el E7]o kol
=tk A G H2S, 2002; Kang er al., 2001). ©] 5
eleutheroside F= SE¢3}, 2E# 2 A 2 WA 9
- Hojt 242 B ¥ 3 ltk(Slacanin ef al.,, 1991).

8 FSABRIE wTo} HA2E fEsld 4

E4H37] vj S-S 53 biomass A2 214H(Yu er al,
2002), Hypericum perforatum(Zobayed and Saxena, 2003),
Beta vulgaris(Suresh et al., 2004), 7tA| 43 2 H Qo7+
¥ 5, 2006; 2007; 2010) ol A HATE 24
< g AL A A5F 1 S P AR T
o] 7hsatal A Al 2Rt 314, AsietH o <
A olu 7 o|AthAHE A4bel| 233 A F(Bourgaud
et al., 2001; Yu et al., 2002; Lazaridou et al., 2002;
Paek and Chakravarthy, 2003)Z 12 =32, t&3F A&
HkS-7]9] digFa) kel <t A3t 7hsAd o] AAE AT
(Seon et al., 1999).

T3 i SR 2R A sk o|atiAREE o] BAkES
#=0]7] 9l3le] viRIY elicitorx] 2] (SHH &, 2006, 2010;
Kang et al.,, 2004; Suresh et al., 2004; Yu et al., 2002),
FENAF(H4E 5, 2007; Liu and Zhong 1997, 1998),
B} (Zhong e al., 1999) 2 & 5= (Akalezi ef dl.,
1999) 5& =4, A= A7t 2P = A

A el FHE RS olAARES A X7t G
o] azto|u} $H73 9] wist gl thE mAlEof| 93 e H¥
2 2EYEE S ol FHE7| A Ak 2o E U
# 2AthBourgaud ef al., 2001). 2] A %ol AAA ©]
AthA R O] &S IAT)7] g HREe R 9 R4l
A5 wj g ol F7FRo 2 A A EujYA o] Ak & ¥
3N 7] Zlo] 2o}, Elicitors 2] E8] Aol H71go s
A TS 2EHAE Fof o|xiA ] 45 WSt
A7) 9% A% 24 (pathogen) §29) B3-Eoltt. )
25 B4 oJgt 9F 4157t gene expression, cell
division, cell suicide 52 -2 A XU REgO 2 3= =
FA o #Hsl= B2 S signal transducerg} dHc}, o] 23t
EZ FolA salicylic acid, jasmonic acid % methyl
jasmonate= 2] & B 2 EH] A A o] xFTAMHE <
A S Fmshe AsdGEDRE 484 Jth(Chen and
Chen, 1999; Creelman and Mullet, 1997; Gundlach et
al., 1992). 53| Scopolia parviflora®] F-73<= vl FA] vij=]
ol salicylic acidg A 2|g Az 7829 A= &z
Zolz9 A9l scopolamine®] 57132, salicylic
acid 2215 52(0-2.0 mM) B ¥ LAIZH0-724] 7)ol whet
£ oS HoFUTh(Kang ef al. 2004). =3t Oleanolic
acid AAHS FA17]7] 918t W SEAMA % (Oldenlandia
diffusa)®] AXEF 64A) elicitorFS 715ke] 1097 4
3+ A7} 0.5 mM2] salicylic acid 2] 2] 7} T3] 2] ol] B3]

1740 2 S7FslAThel &L &Y, 2004). 22 3
HRAMA 2 ol salicylic acid 50 uM*] 2] oA
ginsenoside AJAFFo] A g]o) wls)| Thaabe] (718 At
WAdQ, 2001), A EFH T L M| ZH]YA] salicylic acid *
Y7t HAH o7 sh= F-&EH ] TR vz njet
2ol 7F s 1 F 5 AT

QAR 7N g ] 71y e F B2 A5}
O| XA ABAke] A g A= Ae] Had
vzt glc, olof] & Aola= BEWHE71E o83 7t
Al ads] o] FAZ A elicitor?! salicylic acid *12] &
Tt B2 S 9 {8 oA AMHER] eleutheroside
B, E ¥ E & 3ol vA= FFS et 7 4T]
T w A ] AT oA AMHE LS 91%H
712 ARE o] &3t AFS A AT

N L=

1. &2z

A= etjite] A s T L AT UFA FAE
AF st TS 7 Fe] A AL TS 2 Bl (FAD
of 410l 15°CellA 2.570 Fa84143 25 ol &3
FTAREL 70% g0l 3027 AAAZ F R E
33] M8} 5% NaOCIZ 205 ¥H sl a2
33] AlF sttt BdE TARFE AsuE A st
1.0 mg/L GA,(Gibberellic acid)’} 378 MS(Murashige
and Skoog, 1962) =& 1/2 MSHjA| o] X]A&te] 2 &4 =
frEstith fed A ] Ad2dA7E AAE
1/2 MS E+= 1/3 MS ZA iR o] A 21 EA 2 DDA A
o 270§ SR el A EAERE e E ddste]
1.5-20 cmdo]Z A& £ 3.0 mgL indolebutyric acid
(IBA)9} 60 g/L sucrose’} 7 1/2 MS s =] o] 4
F3kal 110 rppm SEZ Qhij st FA 2L 45 1+
o7 FFo AlAdg viR 2 AlthulFete] A=REg-7] ul
Fs AT AEE AR

2. WEH37| v} salicylic acid X{2|

AEN-S7] v 5 L 3AY 371742 AE-e7]
(Son et al., 2000)°] 2 Le] AAHIAE 7} 1.5 cm
Aoz Hehg B 100 g FWS 2+ HE s ). o]
] AERRS7IY 371552 flowmeter(Dwyer Inc., IN,
USA)E 0.1 vvm SA] -3, v 21.5°C7} FA
H= wiFdolA 957k Qhu st wiA = A oA
A 717 A S Aste 57
salicylic acid(Sigma’}, C,H,0,, M.W.=138.1)] A 2]-§%=
(0, 5,10, 20, 40, 80 pM)el] w2 A= Z2]3} eleutheroside
7o AL 5A4E FEsI9E EFe AN miAE 7
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7} 2 LA 4 H7tsle] & A #Fe] 4 LEA st 45 &
Qb o wjgste] FEetth. S AR JFA elicitordd
salicylic acid & #2]& Z$-o] F4 22 LS Al (+
WAk WA Q. 2001; Kang ef al., 2004) 3}7] w0l
salicylic acid7} 7FEA] 282 AFuA] 2 LA 55 &
ot LS YA AGAIRL T, eleutheroside <]
SR 93t AAWA] 4 L 7} salicylic acide] %25 =
7} 0, 5, 10, 20, 40, 80 uM°] =5 A3 vj#] 2 LE
o #7tsted 45 vkt

Hjok 9F Fo] FEsle] EEE FEE 330 AR
7ol Mg & Z271& AA] St N BE &
A F AFsFS 34T OgF s24x, o
eleutheroside B, E 3 E &A1& 913 AIERE ARSI
2] 3L A& (growth ratioy> TE A FAO A
ZA B FA 100 g FWE Uro] AH&31th

T 5 L= viA] 2 L, AR 10 g& &3
55 vl 5 wlA] 2 Lo salicylic acidE 80 upME == 3
7Fsle] Bl Al 71 E 43S (salicylic acid* 2] § 0, 3, 6, 9,
12, 15¢)3te] EATetaAtt. wiA], vk B EA S
719 BdaA AAEA o™ salicylic acid A&
eleutheroside¢] A1l 7 B2 Al71E 757} 6

ATt

3. Eleutherosidef® £44

Eleutheroside <] &3 #4102 <14 5(2000)2] 44
of] wiz} AA &) EleutherosideT 82 Spherisorb ODS
column(4.6 mm 250 mm, Jasco, GroB-Umstadt, Germany)®l|
UV AZ71(UV 3000 HR, TSP, USA)7} 2 Thermo
Separation Products HPLC system(TSP, CA, USA)S ©|
|-3td B39t} o]/ £ acetonitrileS %71 10,
30, 40, 45, 46, 50:=°l Z}7} 95:5, 90:10, 60:40, 50:50,
45:557}F 95:5¢] H]&E, 0.6 mL/min®] $E2 TR}

E3 EZE A3 eleutheroside B(syringin), eleutheroside
E(lilriodendrin) @} eleutheroside E, {(+)-syringaresinol-O-
B-D-glucoside} = Chroma Dex TM(USA)3} Sigma(USA)
2HE 7t FAZAN FE27 o] A= v
NS, 220 nmol| A HESFS )
Rt
ey $RTe AR PR KR8] )
of wj%kel s TDZ 0.01 mg/Loll NAA 3.0 mg/L7}
H71E 1/3 MS ¥iA] 2 Lol 1.0 cmZ o2 das 4
10.0 g& 5 L 371742 AERS7N HEste 55 &
QF QhufFstdct. vl 10€ 5 ¥ie] ol FA8E 74
< A71E BEE F AL, 3FTF AUHA BAE2E A
o} H1] A2 st th(Figure 1). 82| Aol7}F 3.0
5.0 emP =2 A vl 6577 2 Lo iAo salicylic
acidZ F%(0, 5, 10, 20, 40, 80 pM)E =] 2] 3T}
Salicylic acidE FH7I3F 5 45 St v, F8s}c]
salicylic acid 5% 2|2 FA 2] A4 eleutheroside
o] kS 2ARFIATE T 2o -2 salicylic acid
7F JA7VEA] 2 FA M BERF 1306 g2 HEF
of ¥l3led 13.18]¢] 7Hg 2 AAES Bl WHA, salicylic
acid®] A2lE=7t 7HE #2 80 uM A tolx = AF
% 682 g0 AT H9 6802 7T AT S H
FATh dFEFe] YT salicylic acid7} A=A e
HjeFol A 17.7 g& B M2 5= 7HE =2 80 uM A
22 10.5 goll vlated 1.7 vl A2z ATk
(Table 1). 5 salicylic acid®] X2 L7t &5 742
o] A2 Azt =t, olelgh A4 Methyl jasmonate
Aol o7k Qi FAAZ migH L A T,
2005)% salicylic acidE 7Hr] Q79 F 2 ol A&
RS A9 LS AT A= UehsT

Figure 1. Balloon type air-lift bioreactor culture of the Eleutherococcus senticosus adventitious roots. Growth of E. senticosus
adventitious roots via bioreactor culture for 10 days (A) and 9 weeks (B).
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Table 1. Effect of salicylic acid on the growth of Eleutherococcus
senticosus adventitious roots after 9 weeks.

Table 3. Effect of salicylic acid on total eleutheroside content
after 9 weeks of bioreactor culture.

Salicylic acid Biomass . Salicylic acid Eleutherosides content (pg/L)
Growth ratio

(uM) Fresh weight (g) Dry weight (g) (1M) B E E, Total
0 130.6 17.7 13.1 0 684.5 41909 100.4 4975.8
5 1255 16.4 12.6 5 543.3 3834.3 88.2 4465.8
10 95.7 13.7 9.6 10 4552 3920.3 104.1 4479.6
20 83.8 11.2 84 20 398.4 2917.0 98.0 3413.4
40 799 10.8 8.0 40 455.0 2911.7 104.8 3471.5
80 68.2 10.5 6.8 80 4712 3071.0 119.2 3661.4

Table 2. Effect of salicylic acid on the production of eleutherosides
after 9 weeks.

Salicylic acid Eleutherosides content (ug/g DW)

(1M) B E E,

0 154.7 947.1 22.7
5 1325 9352 21.5
10 132.9 1144.6 30.4
20 1423 1041.8 35.0
40 168.5 1078.4 38.8
80 179.5 1169.9 454

Salicylic acid *|2]5 %0l W& o] Xt AR Aaks B
™ eleutheroside BS] $FF2 salicylic acid X 2l§ =7} =
ool wet FxpA o' Fobd 5 uM Aol Blske
80 uM X2|7F H AL 1.4 vj2] S-S B FUTK Table
2). = eleutheroside B 7-%- salicylic acidE 80 % 40
uM A2 39S A5 ZH2F 179.5, 168.5 g/g DW2S AJ1ks}
o 5 uM A2+ 132.5 g/g DWHI SIS 1.3-1.4u12] A
M-S B FAT

Eleutheroside E¢} E, %= H]523t A2 80 pMA{ ] oA
7V ko] =9kom, salicylic acids =7} Stold ==
A= Shie] wolAle @4 BT = salicylic
acids =7} 80 pMAZ oA SH-EFo] 7k} 1169.9, 45.4 of
¢ DWOIH] H]31e] B3z o| A= 742} 947.1, 22.7 g/e DW
7} A= ot

28y Scopolia parviflora®] §-78F vl Al vlRj o
salicylic acid& A 2|t A3 FA 2] AT AR ol=
o] 42l scopolamine®] Al F7}ste] 7Hx] @ Z24] H-
A2 vkt 2] 7t AATHKang er al., 2004). TE3F 214}
B2 vk A ginsenoside $FHS F7MAI AL
jasmonic acid”} protopanaxadiol ginsenoside®] AJ3$+/d el
Hodshs ghe A4S S ZA(Yu et al, 2002)2F
ZIHul Foll A o] xFhAREE o] A o] FF A A
I 4ikE A3E BRoFE o) AEe AARME
o] MEZ2 3 o] ZFhAl Aol SAol| o] &-x]of 73t
o oz olxpthAtrkE o] A EA o] FrkekH EEAAT
o] Fadts AxE 23] E Soh(Bourgaud ef al.,
2001).

7A@ 23] HA 2o salicylic acidE A2 dSu] F=

2p29] o] =g]al o] X} B o] WA
O|ZAFAMHES] A LS
Ao A A B2 s
OJANAMIES] & Il oFSt). Table 3-2 salicylic
acidd¥] SR FoE A2 tiste] viA] 1 LT ¢
2 eleutheroside 2] A2t Golrr] fJste] -3¢
biomass 7% % (Table 1)°] eleutheroside <] A AHH
(Table 2y 3o AlXkgt Axjoltt,

Eleutheroside B2] &2 Fxjg|FoA 7HE =2 1 L
3 6845 g& AArsle] 5L A ERFS7)(4 L working
volume)2] 7-9- & 2738.0 g2| eleutheroside B AJ4+o] 7}
533t} H]523M) eleutheroside E &= F-A 2]l A 1
L3 41909go 2 5L AEHS7](4 L working volume)l|
A ZF 16763.6 g9 eleutheroside E AJ4to] 7Fs3kd ), L
1} eleutheroside E, ¥#-2 salicylic acid 80 pM3 7l
A el A 7HE T2 1192 gLg Aibetch T
eleutheroside B, E & E 2] A AAHF FA]g] oA L
F 4975.8 g& AAkete] 71 -3t salicylic acid* 2]
7} eleutheroside <] S3lo] & FFE FIXA] &2 Fo
2 YEFSTtH(Table 3). o]& g @42 a2 dE
v el A salicylic acid 50 uMA 2] oll4] Ginsenoside AJ 4+
o] controlel] HIsl 7HAagh A (84t WS, 2001)2
Hs=gk A9 S gl & 5 ATk BTG o] AiARHE
o] YakERS 3k elicitors 2T ¢ 285 =0
wet P82 AT o|zFAME o] AAES Al
Jreafopst Hjo] AARS 7Ithe = 21& Zloltt. Figure

= 7723 EA = wFA]o) salicylic acidE 80 uM
T2 Agste] uF7|7HE eleutheroside o] A4S
ek Zlolth

Eleutheroside BE salicylic acidx2] & FZ1Z oz it
Fol Za B Frtshe FFE Holthrh 9dA) Hjo] 4
AHES U $ oA 243 AL RS BTl
Z eleutheroside B salicylic acidx2] 2558 7343}
o] 39 Ao 149.0 g/lg DWEE FHAo] AAERS Wl
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Figure 2. Time-course accumulation of eleutheroside during
15 days of salicylic acid treatment (80 pM) in the S L air-lift
bioreactor. Adventitious roots were grown for 4 weeks before
the treatment of salicylic acid.

9UA o] 2122 g/lg DWL R Hthe] A B3t}
eleutheroside E& 2] 649l 12.1 g/lg DWS] FthAyAt
g5 Yetd & 7Zas9 v T3 eleutheroside E =
salicylic acidx2] 3 6 Aol 44.0 g/g DW=Z 7 -4
SFAaL w7 7ko] FolA Ay Hojd 45 eleutheroside
E o] $Hrae skl

Scopolia parviflora®] ¥ Bl A wiX W9l salicylic
acidE Al g A+ FAH 2] A3 GERol=e I+
1 scopolamine®] &713F31 2.}, salicylic acid 2] &%=(0-
2.0 mM) 2 B FAI7H0-7241 710l wEl & 2] HolFE
YATHKang et al., 2004). =3t Oleanolic acid A4+ 5
A717] fl8ted WSIAM 2 (Oldenlandia diffusa)® M 3E
v F 6L Elicitor 75 7kl 1094 25+ A3 0.5
mM¢2] salicylic acid *2]7} controloll H]E}| 1.748) 2 Z7}
ATl 8- 5, 2004). Yu 5(2002)%= S14F 74

= =

o Sk TR o 24T B el A ARl NO, <}
NH, 9] H]& 9 F5& g2|g Xolx T8 F2ol=
50 mM NO, ¢} 10 mM NH, "5 5H] &2 H7He 277}
7 Aol %o NH, = H7FsEH]&o] Folds
5 FA 2 S22 A3 Eleutheroside B9 E 2
T Aol 30 mM AHFolA 7P B T EFE B
S} eleutheroside E= & AA&ET7t 2ol24E i
o] Fobxlthal BUBIATHIZA F, 2007). o] ©]xtth
ARHE RS B0 R ahe B8 wi YA Al 7
A%k HAAE AEg v elicitorg ©]-&-3F E23F
F 33 B2 0= sh= o|xftAiHEo] 71 wol ALk
= w7kl pgo] o] Fojxjopit HFA R ¢ B
& GO oJAPARIES BAFE IS AR AlEEH

2 A= AETST] wjgolA] & ol A AR

eleutheroside 7<) A4HI S E=o]7] $13+4 elicitorZA]
salicylic acid® FEEE X elste] FA2o] B47} 3
3 2 ) 363 eleutheroside TS #4]3F0 4] Htj)
A2kel] A3}l salicylic acid A2l Fod HHo0=
sh= oZHHAMFES] At A7 E PRIt 9
17} ATHAL 3H T
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