EEEETSE (). Taiwan Agric. Res.) 59(1):49-60 (2010)

wm =R

BRERED ~ FKEE - ftfs - SR - FAEE - 2010 - SRk T ELE T [RIRHE T 2 BIMR
A REPT B ZE - GEESENTTT 59:49-60 -

RWIFELIIYZ: (Salvia miltiorrhiza Bunge) iR EM Y} > HIEAERIER T
ORI R T BAEA S [ (elicitors) ¥HEIRARA: R EL) 22 (tanshinones) M52
S o PN ~ B~ SRk R T2 AR REUR o BREGEE T BIRIRG B RE
S RAESSCRSL » 3~ SR BRI G AR B IRIREZ B i R
O SR T (e EBIMRE PT 2 IR - Hgr Ll 100 uM g7 e ORI
£ FI2EE R R R 1.8 1% o 355 [RGB BURTSINEEREAS (5 ~ SRF0R
Bl W B IR R A R HIRKGIRRERELSL - & T (e, 20 & iy
SR > Hrh L2 mg/L B RRGE B T 2 R R AR 3.4 (SRR AE - E—
A HIER DA R R e BRI & e BERF IR R MR > =R (1-2~4mg/L) B
ol e R A ] (ke S ST 22 o B AR H DL 1 mg/L B R EE 3 SRR < SRR
PH2EARAE 22.9 mg/L > (EHESCREZAENESS T2 BT 200 A S & Asghn -

RASEER - Sr2 - ST 55 R - EEERR - BEREAS IR - R ~ FI2 -

il

Bl

2 (Salvia miltiorrhiza) B /& & ®}
(Labiatae) 244 RIARMEY) » HARESEATEIL
LIS EIDRY » ARIHEANEAR EEERt - FeiaiE
DMK ZEE p% (Tang & Eisenbrand
1992) - 12 I (tanshinone I; Tanl) ~ S}
IIA (tanshinone IIA; Tan IIA) K [ F} 2 i
(cryptotanshinone; Crypto) iy F}Z28Effh 3 5H

et B35 (Hu et al. 2005; Li et al
2002) ; BIAREEBIICEEE - M2 EAYUHE
-~ PIAL ~ PUE - JUBREL -~ RRHETDIRERE
Tt~ YRR I MR BT M D LBEZE ~ I
/IR EEEEAE L > ERPRIGHE Z JE VB REMS =
(Hu et al. 1999; Lin et al. 2003; Park et al. 1999;
Tang & Eisenbrand 1992) -

HMIFEPAHINE ~ AR B2 B R 7 UYL
B ARGy - BN R IRZE

AW N~

TR EZ B AT sl S5E 2398 5% - X HIA : 9943 H17H -

AP AEYEAHB R B - A B - AR E KRR - 58 55 BRI -
IS RHAR 2 LRI TR E - B 5 BT -

SEIEL » B TFESE ¢ hsia@tari.gov.tw ; HELEE : (04)23302806 -



50 == 3

e R R R B RIS 2R
2h 5 AN FEHUCEET RS ~ IR
WIBEER S [ B S I o 55 2 5 SRt AR
AEEEHR TR EE XS - Bf
PP B 2% ] (Bourgaud et al. 2001;
Georgiev et al. 2007; Kim et al. 2002; Radman et
al. 2003; Zhao et al. 2005; Zhong 2001) » 374
A I FEGE SRR B E AR R AEYIE
7E - MR RS SR - BIRRE AR ER
TE MR SR RS 2 B B (Bourgaud et al.
2001; Hamill & Lidgett 1997; Hu & Du 2006;
Zhang et al. 2005) - FEARIRBEE 4= A AP
A AT FE AR AWM, (biotic) B FE AW 1
(abiotic) FH5 [HIZFRRIE - (EHEFBARMRATEER L
SAREZRE (Hu & Du 2006; Georgiev et al.
2007; Radman et al. 2003; Zhang et al. 2005;
Zhao et al. 2005) ; HijEA1H B SGHHEREES [
(fungal or bacterial elicitors) (Ge & Wu 2005b;
Pitta-Alvarez et al. 2000; Shi et al. 2007; Yan et
al. 2005, 2006a) ; FEATE . ~ e ~ 15
BE R TRIG BT (Cd™, Co™', Cu®', Ag'%)
(Ge & Wu 2005b; Pitta-Alvarez et al. 2000; Yan
et al. 2006a) ; LA > FF LIS HEYE
(transduction signal) K EHAT4EY) » QI/KGEE
(salicylic acid, SA) ~ ZE#F[#E (jasmonic acid,
JA) ~ SEFFEFES (methyl jasmonic acid, MJ) ~
R (abscisic acid, ABA) HEY/EHEGE
HE XAV REASR (Kang er al. 2004;
Ge & Wu 2005a; Wang et al. 2007) ; SR 7RG &R0
TS A REET  TtHERS R S kIR
B4R (Ge & Wu 2005a; Guo et al. 2005; Kang
et al. 2004; Pitta-Alvarez et al. 2000; Yan et al.
2006a) -

HAl  FEHA2EIRRE R EM 2
HHERERE (Chen et al. 2001; Ge & Wu
2005a, 2005b; Guo et al. 2005; Hu & Alfermann
1993, 1999; Shi et al. 2007, Wang et al. 2007,

#5908 H1M

Yan et al. 2005, 2006a) - AFFFEEF|FHEHNT.Z
FIZ2EIRRERERE =28 (Lin 2005) » 37D
RERT R BIHEIAR A A PH 2 - P2 IR
FERCRIR = (Chen et al. 2008) » [KIfh » 4
WFFE LTS INAE V) 1B REER 5 [ (yeast elicitor,
YE) BV SRBEET ~ RFIE (JA) Bl
BRI (ABA) » $R5 H i FHUREE SRR 22
BIRRAER P2 8 (R R Trt
SEHINRREREREEFIZIR N HESS
Wiz -
HEETSE

R2EMRRIZTE

ARBEAHZEBRREZERER
(Agrobacterium rhizogenes, R1601) J& YL} 22
(S. miltiorrhiza) EEIRNETEEF RS (Lin 2005) -
EIMREE BN EH 3% BS (Gamborg et
al. 1968) [E[RERFEEL > * 25°C £ I'CIRIR -
IEEURRFE RS 4 8% YRR (RAY 1.5 cm)
Ve RE s s e e A e -
EEERFEIERIRIE

FEIREEZEELAENA 9 g/L Bacto-agar (Difco,
U.S.A.) Hii%ELL 0.1-1 N NaOH J; HCI & pH 18
FE 57 + 0.1 0 FREERTER AL o IR R ]
RS (HAWNINEEBYE - H pH EHH R
52 +0.1- 5235 L) 121°C ~15 Ib/in? (1.05 kg/em?)
ST ERR SRR 15 J# R Al - IRRERS
FIR 250-mL $EJEHHE A 40 mL BS B5EH
RS 10 (EARALETIE RS - R B 3 > 1
25°C ~ WEREEEERET ~ DA 80 rpm 3 2 7K -5
HRBesirERs 2 -
FEE|BIE Rz K

FAREERS |7 (yeast elicitor, YE) f&LL25 g
yeast extract powder (BEREHIHYI#SK » USB,
USA) &Y 125 mL ik A 100 mL FHEE
(methanol) - B Y 4'CUksE 4 K& Bk LIEK »
VUV EME PR 2 K& - A 50 mL #f



k%M (Hahn et al. 1978) - 7ki5# (salicylic
acid, SA; Sigma) ~ ZKF]EE (jasmonic acid, JA;
Sigma) Sz B & I8 [(£)-abscisic acid, ABA;
Sigma] L1 95%ZEZ (ethyl alcohol) YAfi#E# @
IAREZKECELK, 400 mg/L ¥ > LL 0.45 um 58
fE& (Millipore » HA) w&{EfiH -
TR TFHERBREZEHASMRARZE
88

EARRIREERS B2 4 85 - e
¥ CoCl, ~ CuSOy, ~ FeSO, il MnSO, AWK » 5
BRI R AR TR A By 2.5 ~ 5 uM
Co**»2.5+5 uM Cu*"»50~100 J 200 uM Fe** >
3060 z 120 pM Mn"» FRfE 4 SEIRHE BT 4% -
AR EZE P 220 & i o
S BRENERREERASWRES
Bl

BRI B 8 Ry - BRIl
ARG BIVAW » BRI REss B AR 47
AEs 1.875 mg/L JA~400 mg/L SA~400 mg/L YE
J2 2 mg/L ABA - HERERSER 2 ARIUERA -
HERREEREHERRERMAZSHMR
BzEE

BRI RS E5E 8 IR - IARSERPIR
I ABA ¥ - EHARRSER AR 53 A
B 12814 mg/L» Frf@igE 12 -3 438
o RIS -
ERREZEH/ S EDI

BARREZE ~ foan BB 220 .« HPLC
TIHT AR Chen et al. (2008) 572 - flitiall
T BRAREZE R EARMRY 45°C HEAEHZME 2
KIS EHE » WIS - L& H
f5¢ (dichloromethane) : FHfE =1 : 4 {E&1EHIZE
HUR - SIS A E ARt (EYELA »
HA) =i > HLIRERE AR 045 pum JEfK
W8 > DLHPLC {47 gl P+ 228 1 (Tanshinone
I, Tan I) ~ F}22:}d ITA (Tanshinone IIA, Tan ITA)

%5 BB BIRIR P 2 A A 51

B [Z L 220 (Cryptotanshinone, Crypto) (J}2:
FRAEASEYE Al URHE R - 598) - ZEHU TP
{5 PV F - 256 ] Merck (36d) 2] LC #)
B -
BRI EBRET 7T

B IR 52 2B A G (Completely
Randomized Design, CRD) &t > HEH 3 &
> BIRREZ B S2 S BRI E R LR =
LRI B - PTG ERHE SAS 8.2 (SAS
Institute Inc. 2001) EEEEMETSHrik e 1748
Ji53HT (ANOVA) » ZBRISERE (p <0.05) »
RIS A A/ N M 7252 (least significance
difference, LSD) IS L2 pR B ST E R <
P o

i g
EEBHTHERREEHASHMREZE
588

% VSRR 4 TS BB 7 h DR Cu™
FRELS FIB R E i Fe' Bl Mn® jREE
K o Co™ BIRHRMHRAR ¢ BRI iS22
Wi (Crypto)~F+H22 I (Tan I) Edf}Z:d IIA (Tan
IA) ZHEsE (ERrI2EER) R Al
LIFRIN 2.5~ 5 pM Co” EBR i > 43 BIsEE]
6.9 ~ 6.5 mg/g > 100 uM Fe’ EH X » 60 uM
Mn* F{X - (EIERE RIS 4.46 mg/g - 7E
MR TERILL 2.5 pM Co™ Bl 100 pM Fe? i
MixrE 43 AEE] 42 ~ 46 mg/L » HKEy 60 uM
Mn® EHE o & T IR & TR S i
HRsr o 4 2.5 uM Cu® FHBUA BHEH - et -
2.5 uM Co Bl 100 M Fe FRIFESE S} 2.2
R R - 2Ty Crypto S 2RI » 2351
AEEIERHAT 1.5 B 1.8 % - RSB T IR
B BIRRAERERAE 1 For - EERIRAE
R&E - BRIRE SRR ORI =
o BRRIMEAL KR E S HPLC 4375
0 HPP2EEE B -
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Table 1. Influence of metal ions on dry weight and tanshinone production of Salvia miltiorrhiza hairy root culture

) Tanshinones * (mg/g dw)
Dry weight

Treatment (uM) * (g/L) Crypto Tan | Tan IIA SUM Yield (mg/L)

Control 5.58+0.144dY 247+0.022b 1.17+£0.031d  0.82+0.031¢c 4.46+£0.084d 2489+ 1.078f
Co™ (2.5) 6.08+£0.629cd  4.47+0.016a 1.55+£0.009a  0.89+0.005b 6.91+£0.030a  42.02+4.230a
Co™ (5.0) 433+1433 ¢ 411+£0.003a 1.48+0.032a 0.85+£0.013b 6.45+0.048a  27.93+9.307¢
Cu* (2.5) 10.67+0.382 a 0.92+0.020e  0.50+0.037e¢  0.68+0.002d 2.09+0.057f  22.31£0.617f
Cu** (5.0) 10.50+0.500 a 0.60+£0.017f  0.37+0.015f  0.27+0.00l1e 1.24+0.032¢ 13.02+0.831 g
Fe®* (50) 8.32+£0.012b 1.99+£0.008 ¢ 1.04+0.005cd 0.79+0.004c 3.82+0.017 ¢ 30.77 £ 0.140 d
Fe?* (100) 8.29+0.016 b 3.59+0.002ab 1.32+0.001 ab 0.90+0.001 b 5.81+0.005b  45.86+1.410a
Fe?* (200) 8.51+£0.028 b 1.924+0.003d 0.85+0.001d  0.60+0.001d 3.37+£0.004e  27.15+0.820¢
Mn*" (30) 8.02+0.020bc  2.14+0.001 ¢ 1.26+0.002bc  0.95+0.001 a 4.35+0.001d  34.79+1.090 ¢
Mn*" (60) 7.53+£0.010 ¢ 2.70+£0.006b  1.31+£0.004ab 0.95+0.003a 4.96+0.013 ¢ 38.21+£0.100 b
Mn*" (120) 7.86+£0.026bc  2.05+0.007c  1.10+£0.003cd 0.77+0.002¢c 3.92+0.012¢ 31.14+2.180d

“ Hairy root of Salvia miltiorrhiza was cultured on liquid B5 medium for 4 weeks at 80

treated with various concentration of cobalt ion (Co®"), copper ion (Cu®"), iron ion (F

additional 4 weeks of culture.

P

m shaking speed condition, and then
e”"), and manganese ion (Mn*") for an

¥ Values are mean + SE of three samples.
least significance difference test.

* Tanshinones include cryptotanshinone (Crypto), tanshinone I (Tan I), and tanshinone IIA (Tan IIA).

summing up of Crypto, Tan I and Tan II A.

Ao BIREHERREERAZHMBRZ

25

=

ANEES RIS INEABEE RN 2 FoR - 3
5 B R e Rz L B R R 2 5 B
RV [ P A B IRAR A R A R -
57 [BIPRERH < PT 20 S8R 0.51-2 mg/g dw ;
HARHIIR ~ BERERAS D b g B i ) 2
A B o B R R B > FLrhE g R B
ERIR BT 3.4 5 © SRR R R
a5 7 IS IR R B ARREEY 1.8 B2 1.5 fFRZ
IR ERBRER T AT 2 ISR EICR - 1712
WA 7T > SRFIER ~ BERERA S [ e e
P PRSP T - (8 2 (AL-F1) i
SRR B AT < BIRIRAEREE - mE 2
C2-F2 w[WABHE RIS S [ Bl 5 2w tm
GRS > TlE 2 2 A2 B B2 By Al IAGREZK

Means with different letters in the same column are significantly different (p < 0.05) by

SUM is the total content

B 2% Z 0. BT - EBH B aRE T BURITR
Tt 7k Bl Z BERiTAE BRI S B AN (] -
HMEMEITREHERRERMAZSIHZA
Rews

FAERIN T~ 2 2 4 mg/L ABA 1% 1-4 SEIFE

BRI RE RN 3 BUR - BEZEm S

ABA R FIEAR IR R 1-4 38 2 BiRREZ
HRIRy 3.5-4.7 g/ L (Z[H] > BREHHH 22 S0 A5
% o (HEgEE I R - HAE ABA [REERA 3
EIRE i ZEFGERRFEKYE - 2 4 JHIRFHI ABA JE

M E MR 2 B > (B R E IR - 25k
FI2EREEAI SRS {6 ABA [RHIf% 1-3 8
Ff 1 mg/L ABA RSP 2EHSRE SR i
> /£ ABA [REIREE 3 HRFI]E 5.1 mg/g> H
RSN 2 ~ 4 mg/L ABA GRIFELSIIGHE - 7E5)
AR R HE > 1~ 2 2 4 mg/L ABA FERIAE
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Fig. 1. Influence of cobalt ion (Co®"), copper ion (Cu®"), iron ion (Fe*"), and manganese ion (Mn®") on growth and
tanshinone production of Salvia miltiorrhiza hairy root culture. Hairy root was cultured on a liquid B5 medium for
4 weeks at 80 rpm shaking speed in the dark (A), and then treated with 0 uM (B), 2.5 uM Co®" (C), 5 uM Co?* (D),
2.5 uM Cu*" (E), 5 pM Cu?* (F), 50 uM Fe?* (G), 100 uM Fe?* (H), 200 uM Fe*™ (1), 30 uM Mn*' (J), 60 uM Mn**
(K), and 120 uM Mn?* (L) for an additional 4 weeks of culture.
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Table 2. Influence of yeast elicitor, jasmonic acid, salicylic acid, and abscisic acid on dry weight and tanshinone
production of Salvia miltiorrhiza hairy root culture

Tanshinones ¥ (mg/g dw)

Dry weight

Treatment (weeks) * (g Crypto Tan I Tan IIA SUM Yield (mg/L)

Control (4) 3.00+0.104c¥ 0.17+0.001d 0.12 = 0.001 ¢ nd* 0.29 +0.002d  0.87 £0.031 e
Control (8) 517 £0.667b  022+0.002c 0.17£0.00lc  0.16 +0.00l ¢ 0.55+0.003¢ 2.84+0.359d
Control (10) 8.02+0.145a 0.11+0001d 023+0.002b 024+0002b 0.58=0.002¢c 4.65%0.045c
YE 400 mg/L (10) 777 £0460a 042 +0.001b 0.26+0.002b 0.20+0.005b 0.88+0.004b 6.84+0421b
JA1875mg/L(10) 7.72+0426a 042=0.001b 035+0013a 025+0.004b 102+0016b 7.87+0376b
SA 400 mg/L (10) 7.87£0.242a 020+ 0.003¢c 0.17+0.004c  0.14 £0.002¢c 0.51 £0.003¢c  4.01 +0.124d
ABA 2 mg/L (10) 8.60 £0.362a 1.19+0.002a 039 +0.005a 042 +0.00la 2.00+0.00la 17.20+0.730a

“ Hairy root of Salvia miltiorrhiza was cultured on liquid B5 medium for 8 weeks at 80 rpm, and then treated with 1250 mg/L yeast
elicitor (YE), 1.875 mg/L jasmonic acid (JA), 400 mg/L salicylic acid (SA), and 2 mg/L abscisic acid (ABA) for an additional 2

weeks of culture.

¥ Values are mean + SE of three samples. Means with different letters in the same column are significantly different (p < 0.05) by

least significance difference test.
nd = non-detected.

X

¥ Tanshinones include cryptotanshinone (Crypto), tanshinone I (Tanl), and tanshinone IIA (Tan IIA). SUM is the total content of

Crypto, Tanl, and Tan IIA.

R 1 fe 2 FRs < FE RS R By 7.8-10.4 mg/g
Be 12.3-14.3 mg/g 7 [H] > BRI 22 B0 AN B
{EAERREREEES 3 JAIRF - | mg/L ABA FRFERHFH
SN E R 5 22.9 mg/L» BERE SN 2 Se 4 mg/L
ABA FRIEIEIRAH - (HAEZE 4 SRR f
21.6 mg/L - {H{EEE =R ETEAE © BEAh 0 2 K
4 mg/L ABA R4S 3 ERFESE 16.7 mg/L Bl
17.4 mg/L » JREEZE SR EIEHE - (EAEEE 4 E
B AR O A2 5L -

3 AR Ry ABA RIS 3 2 B RIFH
A& S~ ABA FREE 3 FPI2IREMESH
TEHERR (2 ABA = iR sl N A 7
5 HA DRSPS SR R 0 1 mg/L
ABA JEELZBEPHE S RSE 3.93 me/g s I A
ZHEtLL | mg/L ABA FERi = Al 041 mg/g ;

2 1 & R B A S A A -
E

TEYIR 2 AR EREE S A VMR IR A A
FIA R EREEIA s By > S REA S 2

BRG] o R DURE 4B FE L TR Y LUK L
5 IRV R EYIT R (phytoalexin)
38 LeFS AR Y R T R Y B R AT Rl s
e BIEGEHE T (elicitor) (Bourgaud et al. 2001;
Radman et al. 2003) - {EHIMUE2S B & BfE R
IINEES 18] B MEREEYIEAR EEYZ
Ui Rt AEitRe s LR m =R AR
WY S (Wasternack et al. 1998; Radman et
al. 2003; Zhao et al. 2005) -

Guo et al. (2005) AF}2: (S. miltiorrhiza)
REMSERS R > Fe’ Bl Mn® JEFE K8
REEHIHARERAER > Cu’'Bl Mg AR
TR AR o MAEREE Zn® ~ Cu?'
Mg™ BAEREE Fe’' ~ Mn™ (e R B
e Tan A BREHROR - AFFEREREUR  Cu?
FEHAA AR ERARGZE G - (HAF 2200
(A8 > T Co” BB & SR - B R ) 220
(1 SARE o B S > Fe' Bl Mn®' JREAME A {2
EERRZEES - RS2 &
> HAL 100 pM Fe® BRI - IR



B Guo et al. (2005) FIZANEMRIEEEATIGAER
ML BESh > ARWFFEZ BB AEAURAS HPLC
T - HALCER BT 2 S B AR - BT
2 n IR ERS B A T (ERERS) -

Ty B

i 5 [P BARIR ST 2R 55

Chen et al. (2001) FFHBBIRISS R
VRIIPRFRISIEERY YE VARG » s B R A
WL 39 /LI 73 gL TREFHEN S i
0.001%4Z 0.096% - Ge & Wu (20052) AT

2. FEREEES B ~ SRAE ~ /KEGIREL ABA S BEIRRAE KRBT 2R 2 2% -

Fig. 2. Influence of yeast elicitor (YE), jasmonic acid (JA), salicylic acid (SA) and abscisic acid (ABA) on growth
and tanshinones production of Salvia miltiorrhiza hairy root culture. Hairy root was cultured on a liquid B5 medium
for 8 weeks at 80 rpm shaking speed condition, root growth before (Al, B1, C1, D1, El, and F1) and after treated
with H,O (A2), 2% ethyl alcohol (B2), 1250 mg/L YE (C2), 1.875 mg/L JA (D2), 400 mg/L SA (E2), and 2 mg/L

ABA (F2) for an additional 2 weeks of culture.
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Fig. 3. Time-course study of additional abscisic acid (ABA) on dry weight (A), tanshinones content (B) and

tanshinones yield (C) of Salvia miltiorrhiza hairy root culture.

Hairy root was cultured on a liquid BS medium for 8

weeks at 80 rpm shaking speed condition, and then treated with 2% ethyl alcohol (control), 1, 2 and 4 mg/L ABA for

an additional 1, 2, 3, and 4 weeks of culture.

INRGABRRGRAFH] - B-Z2& ] #% (B-aminobutyric
acid, BABA) Bl BABA + YE EHgr] RS
250 - H BABA HA$EE YE ()20
SRR BER MY RS YE (RS}
SRR - H MT SRS » 28 BABA
FHIFNIZ2EIRMRER - 1 M QS AR
e E - Yan et al. (2006a) FEHAVIMERIEA:

YIERE 5 RIS RESETHT 2 BRR T 22 Wi
B HHEA Co R B G BRI AR R ARG
R AV BT 5 E L FT 20 -2 2L
Crypto J =t » MRS BRI Tan 1
FEE T E © Yan et al. (2006b) P2 EIRIRAY
BRI 100 mg/L YE » H P22
(Crypto + Tan I + Tan ITA) &&{¢ 0.46 mg/g 14
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Table 3. Influence of abscisic acid (ABA) on content of various tanshinones in Salvia miltiorrhiza hairy root culture

Treatment Tanshinones * (mg/g dw)

(culturing weeks) * Crypto Tan 1 Tan ITA
Control (4) 0.15 + 0.000 ¢ 0.50 + 0.000 b 0.20 + 0.001 b
Control (8) 0.84 + 0.002 b 0.34 + 0.000 ¢ 0.15 + 0.000 b
Control (11) 1.22 £ 0.017b 0.69 + 0.011 ab 0.18 + 0.000 b
ABA 1 mg/L (11) 3.93 + 0.006 a 0.75 + 0.000 a 0.41 + 0.002 a
ABA 2 mg/L (11) 3.56 + 0.000 a 0.81 + 0.000 a 0.39 + 0.002 a
ABA 4 mg/L (11) 3.44 + 0.007 a 0.73 + 0.001 a 0.36 + 0.001 a

“ Hairy root of Salvia miltiorrhiza was cultured on liquid B5 medium for 8 weeks at 80 rpm, and then treated with 1, 2, and 4 mg/L

abscisic acid (ABA) for an additional 3 weeks of culture.

¥ Values are mean + SE of three samples. Means with different letters in the same column are significantly different (p < 0.05) by

least significance difference test.

* Tanshinones include cryptotanshinone (Crypto), tanshinone I (Tan I), and tanshinone IIA (Tan I1A).

Ry 1.37 mg/g 5 AEWEEES [ [YE ~ FFAbERE
B (oligogalacturonids) J¢E.E (fungal elicitor)]
BAIEAE WIS B [Ag > Co™ Tt o- AL T8
(a-amino isobutyric acid)] Kb kB G L BE
T RIS S TR P 2R R S B RE S
BRIELE YIRS B Ryt o AT ETH R B RER
BT 0 AEPH2EBIRIREE B IR B RS [
(YE) ~ ZRA[HE (JA) ~ /Kt5le (SA) S Bl BR
(ABA) 355 [FIFRERS REUR - MMEHFBIRKR
A RUIGIRELS: - HEPH2 R A AR E
R TS BREHI S HR B (R R TR
(BERIARZY) » R RAE S R BRI PR A Hox
FEFEHIR A TEAES - 3R 2 R SRR IE
IREEZ YE ~ JA ~ SA 2 ABA HFIZ2ERRE
RS REZE - (HRAI2REEmS - L
ABA 1120 2RO I ¥R ABA JREH
2 Jt% P12 (Crypto + Tan I + Tan 1IA) &EKY
FHIEAERY 3.4 5> H ABA JRFESS 3 fli 1 H )22
BT A IEERCR - ATeE—HEARE ABA
TR B R BN (R RE ] BB A SRR 1 mg/L
ABA ¥ PF2EARY S RO R - RER
5 3 P2 E B R E R 2.4 15 0 T
FE R Ry B IRHANY 1.9 £ - {H ABA BREHIE I

EARBAER - 7255 3 R R EE /K
(& 3) -

Shi ez al. (2007) AFH2EARBRETZAG RIS
e FEEERERERRSEE R YE S0 LE%E
Pi? (sorbitol) AI{EHEFF2EHZAME - (HF5 2
PERYIR(E T RIEARIR A A R - HiREEr 2
fif 227 > @R Sorbitol {EEAAFEIRIEEABE
JE& (osmotic pressure) {EFHAYAE > WEEHE
RS FIRSCRI © Li et al. (2003) fAF122 Ti
EIE AR RSB T YE~SA K YE+SA 1Y
UNIEEEE - RREEUR B SA FREREESR ARG
FI2iEE > {2 YE + SA BEHHA{E# Crypto
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Influence of Metal Ion and Elicitor on Hairy Root Growth and

Production of Tanshinones of Salvia miltiorrhiza'
Uei-Chern Chen?, Choi-Yi Lee?, Hsiao-Sung Chan®, Chin-Yi Tsao?, and Chi-Ni Hsia**

Abstract

Chen, U. C,, C. Y. Lee, H. S. Chan, J. Y. Tsao, and C. N. Hsia. 2010. Influence of metal ion and elicitor on hairy root
growth and production of tanshinones of Salvia miltiorrhiza. J. Taiwan Agric. Res. 59:49-60.

The objective of this study was to examine the effect of metal ions and elicitors on root growth and
tanshinones production of Salvia miltiorrhiza hairy root culture. Metal ions of Cu®', Fe*", Mn*', and
Co?" with various concentrations were tested. Results showed except Co®" treatment that Fe**, Mn**, and
Cu*" were all able to increase the dry weight of hairy roots, significantly comparing the control treatment.
Moreover, applications of suitable concentration of Fe*", Mn*" and Co*" into the medium could promote
tanshinones accumulation. Among them, the 100 pM Fe®' treatment the highest yield of tanshinones
had a 1.8-fold increase than that of the control. Elicitors of yeast elicitor, jasmonic acid, abscisic acid
and salicylic acid were found no effect on root growth however only the first three could enhance
tanshinones production. Among elicitor treatments, best result with a 3.4-fold increase on tanshinones
production was found by using 2 mg/L. ABA than the control. Consecutive experiment using 1, 2, and 4 mg/L
ABA in combination with expose duration was conducted. All ABA treatments resulted in higher
tanshinones production than that of the control. The highest tanshinones production 22.9 mg/L. was
found using 1 mg/L ABA for 3-weeks exposure duration and cryptotanshinone and tanshinone IIA were
counted for the major increasing part of the yield.

Key words: Danshen, Salvia miltiorrhiza, Metal ion, Elicitator, Abscisic acid (ABA), Yeast elicitor
(YE), Secondary metabolites, Tanshinones, Hairy root culture.

1. Contribution No0.2398 from Taiwan Agricultural Research Institute (TARI), Council of Agriculture.
Accepted: March 17, 2010.

2. Respectively, Assistant Researcher, Assistant, Assistant Researcher, and Associate Researcher,
Biotechnology Division, TARI, Wufeng, Taichung, Taiwan, ROC.

3. Assistant Professor, Graduate Institute of Biotechnology, Chaoyang University of Technology, Wufeng,
Taichung, Taiwan, ROC.

4. Corresponding author, e-mail: hsia@tari.gov.tw; Fax: (04)23302806.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


