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ABSTRACT : The effect of elicitor and precursor on salidroside production from Rhodiola sachalinensis A.Bor callus cul-
tures was investigated. Callus cultures were treated with yeast extract, soft-ferrite ceramics powder, methyl jasmonate,
ascorbic acid, jasmonic acid and CuCl,/CdCl, as an elicitor. When callus cultures were treated with 0.2 g/ of yeast extract,
salidroside production from callus treated with yeast extract is 3.45 times higher than that of the controlled group. Among of
them, callus cultures treated with yeast extract produced the highest salidroside. Callus cultures were treated with L-pheny-
lalanine and L-tyrosine as a precursor for 4 days. The result of salidroside content analysis showed that all feeding of precur-
sors not affected salidroside production from callus cultures. In case of L-tyrosine fed into callus cultures, both callus growth
and salidroside production decreased at all concentrations.
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M AH dutd oz zu|st el FEE 9] salidroside 3F&e A}A
2 (5-10 mg/g)el] Hlarste] vrom 2R Fo] Ae]E Ao =

SUEIe] Bade) &3l =L (Rhodiola sachalinensis - 2 Aol ofele- Zle g WaE o] QUth (Meng er al.,
A. BoryZ AHAOeA Aehs ohdA) 28 AEEA 347 1994). ©]9] tiroz AEu|gS 5§ salidroside®] AJ4ka

olg} EEl¢aL glom Folh 2EApt AN, A, Ax, F fUIFAEE S8 ATt deH, I Alxuids B
T, AT e A S5 Sl A3 gtolvt & A 7ol 1€ HE Ak Xu er al, 1998a,
s T A AlolddlA MAlete Aom dHA 2 1998b). 2]Eo|A 2A}iAHES G| o} $He] W
(Jiang et al, 1994). F& °Fg] HE O =Z salidrosidedt p- 3} & AL 93 297} 7S stressS WM w) =F 5
tyrosol 52 -3l o™ (Fig. 1), salidrosides F-2HAS, 7] Azl ZAEko] et AEAME 2 ZFugol A A

Sy 2 2380 A5 a7el Ming, 1986; ol tFdst elicitorol]l 2J81A] stressE 718le] o] xFthAREES]
Furmanova et al., 1998) F3 Al1739] A 2HE, 7HA2E of S ZAATE AL FH9E 2u]oA elicitationo] 2} 3+

zygdl #h) o= sk ddxd eSS sl Zlow t}. Elicitor= =4 abiotic elicitor®} biotic elicitor® &5
44 Ut} (Lee et al., 2000; Zong et al, 1991). th. Abiotic elicitordll= 5%, ALEEH, UVE, ethylenes
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Fig. 1. Molecular structure of salidroside (A) and tyrosol (B).

o] 9Jom, biotic elicitorZ2e PR FE=, e U TS
el 24 2 U A REEE 5] Atk (Pitta-Alvarez er
al., 2000). 4=l PA=o] H) FH)sHl =H, B/dH<
A& 0|5 Wolshr| flal 22k thankkES w43 S7H7]
Aut, lignification 5 o2 7] Wol7]2hs doZint. 2 Eo]
FAHE oW A E 2 B9e B8 1 T FHdx =
il e aa AsiAl T3 22 ofe] WolEde] Aol
o|FojXitt, ol gt d#e] HhEEo] TEXRAS B3l AlEA
7F TR F9IE dgEo]of shet] o]9f e ASHERSE
A 2= methyl jasmonate (Mela)2} jasmonic acid (JA)Z}F )
t} (Park et al., 2000). Elicitor} HTAES o] &slo] 2%
z2 gl AR vl F-8AES ST AT et
A Y= 2 Sy 2= BE (Centella asiatica), V%4
(Panax ginseng) 2 A% (Bupleurum falcatum) 5-2-Z5-E
elicitoret A7AE o]-&sle] E3x F-8&2 AYrkstet] w4
83 =32 ool Yt} (Kim ef al., 2004a; Lu ef al,
2001; Aoyagi ef al., 2001).

meEpA] 2 Aol FEEe Fa Ay
salidroside® A= ¥ WHow
elicitor?} ATAE A ste] =%
salidroside ¥ 51 A2Hge] Wzt

=X

ME

LAl g
FEZE (R sachalinensis) calluse Kim 5 (2004b)o] XL
S A EFE AT, Choi 5 (2005)0] QAlE2Ro =z |
mg/ L NAAS} 5mg/ £ BAZ}F 718 2 x B5SUAHIA] (Gamborg
et al., 1968)°14 B2 =L 25C3led AdefollA 100 rpme]
A4 el skl w et

2. Elicitor?} precursor?] MZ= 2 e

Salidroside A84te]] theh 218 A% Z8A| 1ng/ L NAASL 5
mg/ £ BAS] T2 2AS Zhe AR 2 x B5HjA|] o]25}
o] 237 At U2 callusE 20 im pore size2] sieveol
FEalal Tt TRl 33 AlE § s e AAS
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2HAE HE| salidroside A#A

ot FES A calluss T2 Wl 05¢g EWyH 3
el o]2)ste] 24U 7k wjkslIth Elicitor 24 yeast

extract (YE)= 0, 0.1, 02, 04 % 08g{ F==, methyl
jasmonate (MeJA)= 0.01, 0.1, 1 3mM FLE=,
jasmonic acid (JAy= 0.01, 0.1, 0.5 ¥ 1mM F=Z 24U
o] Wi 717+ S 578 4dell Ak, A Al
= (SCP, Soft-ferrite Ceramic Powder) 0.01, 0.02, 0.04
0.08 g/ L FE=, ascorbic acid= 0.01, 0.1, 0.5 ¥ 1 mM
T2, T95 CuCh9t CdCLe 7t 02, 1, 5 2 10mM
T2 A3t AFAR L-phenylalanine?} L-tyrosine2
0.05, 0.1, 0.5 2 I1mM FEZ Hsldon 24 wjg 7]
7+ % 8 497l At
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3. Salidroside &4

Salidroside®] a2 WiFE 3
02 g2 Aol MeOH 10me & 33] ¥HE 2231 okS
Z}A] (Whatman No. 2)& &j3}sle] ofy}el-g- 31513 Rotaryn
vacuum evaporator (EYELA, Tokyo, Japan)= 3
3% A% MeOH 3 mlZ #4321 HPLC BAol| A
314tk HPLC (Water Co., U.S.A)Q] 20| glojA]
p-Bondapak Cj3 (300 x3.9mm LD., 10 mys,,
20% MeOH (v/v)& ARSI AR 10 hE=
Luje] A7) 1 md/minZ 3} FEe
oA SAske

=

S

FEZE callusE: AZS A

2=~ T
e

L nF

2

=2 callus Bl A salidroside A4t MelAS} JA7ZF
e GES FARINT FEZE calluss 1 mg L NAASH
5mg/ 4 BAS] A& A% 2EA7F 71 2BS ARl 20
A7 wgS Sl TSt 59 MeJAE 497+ A2g A3t
MeJAZ 001, 0.1, 1 2 3mM L2 447k 22)e52n)
MelA9] F571 S71E AAo] AA|EY Y salidroside
o] Ak HAH 7T ZeE Yt o] A=

ol MelA AN esfo] TAR 84 I TAhE f=
sl AAE BT (Weidhase ef al,, 1987), =3+ 2] E2H)

E ol Faste AHE B Slo] Kim e dl,
2005) FH=29] callus BIUFA] A= MelA7F Asisk= A
o7 FAGHAT MeJA 0.1 mM FLolM AFFHS 1676+
0.52 g/ £, salidroside®] AY2FE-E 616.95+120.81 mg/ £ T2
o vsl Fule] T7HE BATh (Fig. 2). MeJA7} o]xjtjAlLt
52 771 o9t fAket dae ivE B3 st
APz o] A Eu el ol m FRlg ub St} (Lee,
2004). JA= EE3 AZe] A} e} wdel glo] dFe]

ARRAA A 715 THIH Wol fAAE ASshe A
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Fig. 2. Effect of methyl jasmonate on salidroside production from
R. sachalinensis callus after 4 days of elicitation.
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Fig. 3. Effect of jasmonic acid on salidroside production from R.
sachalinensis callus after 4 days of elicitation.

o7 4#A Utk (Farmer, 1994). wWEbA, JAS =2sle] o
2 B2 ginsenoside®] S Eole A7t o]Fof%l
uh 2lom, sjgue] AEH ZudT ol E ol xfthAHEZ 9
57 a5 4L v} ) (Chio & Byun, 2000; Park et
al., 2000). &} JAE 001, 0.1, 0.5 2 1mM 52 g
St A} A A9 E salidroside A4t B AFHS Ozl H
& WA et e A A25E salidrosides AB4tsl7] 91
e HEE elicitor7} obd Aoz FAT F} (Fig. 3).
YE T57F FEZE callus®] A& 2 salidroside®] $Hol| o]
H IS F=A AR 0, 0.1, 02, 04 2 08/ 0 F
=2 et 2 A3 gz vs] YE s=7F 02/ 4

p
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Fig. 4. Effect of yeast extract on salidroside production from R.
sachalinensis callus after 4 days of elicitation.

S =2 A salidroside®] $HFo] 1039.41 £208.17 mg/ £ O &
FR7F vls) 3450 S7HRS & S AT (Fig. 4).
Ascorbic acide ksl B28 A|As FH, XFe] Aks}
Azl waf 2v]al, 4] HIEASEE oAlskektt (Shigeoka
et al., 2002). Wb, F=EZE callus YAIR|AA A Z3HA
LR = salidroside kol o] W3S U0 7)=A] ascorbic
acid®] F=E 001, 0.1, 05 2 ImM T=2 |3 A3},
ascorbic acid®] X7} 0.5mMY W salidroside A AF=Fo]
975.80 £ 44.13 mg/ £ ©F tZ=Fof vlal] <F 3.248) o)A =7}
7Pkt (Table 1). E8F, 0.05 ¢/ £ SCP X 2]A] F-H7H-
H3] salidroside $F&o] 61096 +47.10mg/ { 2 & thZF
)& 2.02002 Z7Fsto] LERGTH (Table 2). 3, Ahn
(1998y> SCP7} IZAuRA|oA &S] ME A% ZE|ar
FAEA] Al o YIS FA =rhal B g vp Sl
Shimomura 5 (1998)2 BelladonaS 23 A]7] 242
of A JEE e SFE Cu?/Cd S x|l H7ksle
HiA] 2 hysocyamine®] WiE-S =gk vh Sk wEbA, S5
o] salidroside 4toll FEE PIX=7He 2AFS] 918 CuCl,
o} CdCLE 27+ 02, 1, 5 2 10mM FE2 %28 2z} o
A o7 Fert HoldrE A%FH 2 slidrosided] 3Hgo] 7t
28k S BATh AR 02mM CuCLE CdCl, A2 A]
2o ¥lmste] zk7; 1.07, 215812 FHEZ callus?
salidroside F&o] F71el= 222 YERITH (Table 3). CdCl,

=

o
°l

=
[¢]

Table 1. Effect of ascorbic acid on the growth and salidroside production from R. sachalinensis callus after 4 days of elicitation.

o Biomass o )
Ascorbic acid (mM) , - Salidroside production (mg/¢)
Fresh weight (g/¢) Dry weight (g/¢)

0.00 443.66+16.18 16.87+0.65 301.06+23.04
0.01 425.35+ 9.02 16.98+0.19 876.75+81.94
0.1 375.40x 8.96 15.31%0.29 721.49+73.97
0.5 400.71+ 8.05 16.89+0.29 975.80+44.13
1 455.54+10.36 17.14=0.54 883.62+81.58
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Table 2. Effect of soft-ferrite ceramic powders on the growth and salidroside production from R. sachalinensis callus after 4 days of

elicitation.
Biomass
Soft-ferrite ceramic powders (g/¢ ) - . Salidroside production (mg/¢)
Fresh weight (g/¢) Dry weight (g/¢)
0.00 443.66+£16.18 16.87£0.65 301.0623.04
0.01 416.13+13.38 16.53+0.63 473.33+39.27
0.1 338.61+ 8.56 14.76+0.27 460.12+57.92
0.5 411.69« 3.86 15.76x0.35 610.96+47.10
1 501.49=+ 8.28 18.31+0.40 420.46+34.46

Table 3. Effect of heavy metals on the growth and salidroside production from R. sachalinensis callus after 4 days of elicitation.

Heavy metals Concetration (mM) - plomass , Salidroside production (mg/¢)
Fresh weight (g/¢) Dry weight (g/¢)

0.00 443.66+16.18 16.87+0.65 301.06%23.04

0.02 348.31= 5.51 15.42+0.25 323.08%57.21

CudCl, 1 191.58+ 8.64 10.32+0.50 264.10%+55.85
5 188.36+14.22 9.54+0.63 39.12+22.58

10 159.17x10.71 10.43+0.50 0.01= 0.00

0.02 467.86+ 8.38 18.09+0.23 647.07+£29.62

1 22410+ 9.30 10.76+0.06 490.77+99.29

CdCl, 5 205.23%+ 3.73 10.98+0.29 274.31+81.39
10 178.26%= 4.00 9.43+0.46 142.83+47.52

Table 4. Effect of precursors on the growth and salidroside production from R. sachalinensis callus after 4 days of elicitation.

Biomass
Precursors Concentration (mMM) - - Salidroside production (mg/¢)
resh wei wei
Fresh ght (g/¢) Dry weight (g/¢)
0.00 443.66+16.18 16.87+0.65 301.06%23.04
0.01 506.16+23.37 18.64+0.72 22.29+ 3.70
L-phenylalanine 0.1 435.45+ 8.11 16.65+0.11 171.52+ 5.53
0.5 497.94+ 6.12 19.09+0.64 43.01+ 5.28
1 478.41%x12.75 19.31+0.04 309.13+ 5.54
0.05 543.56+ 5.89 21.20+0.06 17430+ 4.81
. 0.1 506.82+ 6.76 20.20x0.23 110.35+29.26
L-tyrosine
0.5 531.91+ 6.58 20.53+0.33 205.48+12.55
1 464.97+13.02 17.53+0.23 270.47+10.97

o] 739 1 mM ©]ollA salidroside®] o] sk 73 gk ub Qlth, o]e} Zro] AEA| | Al AFA] feedingol] o
< Ho] FE CdCLe s Aslishe 210= Yttt 3 tARHES] S STHIZI7IE SHAIRE, o¢) wiiE H

Table 404 BofF=zo] A4 &2 L-phenylalanine?t 3 o2 A7ollMe 93] ZasiAd #2324l AW 5
L-tyrosine®] *|2]ell 23l salidroside®] AJ42Hd-& 7Hasial ot 7hl Eohe dFS PAA] 2 Zlo® UET
L-phenylalanine 1 mM F=olA ASTo] Tzl vls] 2 HEZ callusE5FE salidroside A2HS $13F elicitor 2 7
TollXE 1139 S7Fsklth. 9, salidroside®] b2 o A9 FFE A 23 MelA, YE, ascorbic acid, SCP
ZT Hl8] 1 mM HZ] Tl 1.02812 715 JeRia 9 CdCLE EHA S 2 salidroside®] ATAS F7lsk= AL
L-tyrosine 0.05mM F=olX AFgFo] vzl vla] Azl7+ = yehston 53] YEE AdSd 7P =2 ANE vet
(20.535+0.33 g/ £ YllME 121802 Z718F9 3, salidroside®] W 7P A3k elicitor® 2AFE QAT WA, salidroside AT
ke BE AHAollA Zidhe 202 Uit Ju 5 A feeding AP NXE salidroside A9 e] FEIgH s a3
1993y Ao} g+n] HEPMEH|FNA dopamine¥} & Kol YA, A7A Ag)7|-E A 2Hg A
tyramine®] A X2]7} alkaloide] A4S 7S g1 AR Fo oAl ddde] o 8E oIt
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