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B EL ~ BEAs ~ BFFE ?’I a2~ Bl 2 g FS)F,‘ Fd 2008 o |52 }{{T‘ﬁ?ﬁ
HV S SIS BV P - { P 57:305-316 -

PRI B % (Salvia miltiorrhiza Bunge) PR B A RS AR AL EE P
(Agrobacterium rhizogenes, R1601) &y HH V== }{J‘Tﬂ?iﬁﬂ FISE J"l‘ﬂ}%ﬁ‘?‘ L=
fgjﬁ}E%%Eﬂfﬁﬂ&?ﬁzf&%%#ﬁﬁﬁl » BPHC A BVELSEH B ST (tanshinones) Fﬁi%]s‘/
2 ST E‘r'ﬁ:g‘?fﬁﬁz’iﬁ%#¢4¢B@f®iﬁ@%ﬂ/%ﬁ?ﬁﬁ%ﬁﬁ ’ Tf‘gli“‘fﬁ@??ﬁf‘ﬁﬁﬁ%
P TR TR R AT A BT - < USR5 20 mL ST 520
llﬁT[‘L-J\Bﬁ@Pﬂ A N S ? {%%L 8 [ > 10 = 20 PRI F'Eﬂ;[/iigfﬁﬁ%ﬁﬁfﬁﬁ
BHAOZE B0 D EER > HPN] 10 BURECRBS R - :ﬁﬁ{ﬁﬂ/%wﬁﬁzﬁ:ﬁq’**ﬁéﬁ%
g @ﬁ%ﬂ&g;ﬁ A SIS ﬁi%ﬁ”ﬁ%éﬁ‘m {ﬁﬁﬁﬁﬁjuﬁ%}%’wgﬁw& Y 9%= 10% - 1=
Eﬂj;}{%‘@fﬁ:l FIARE e 1 L g SR PR A R oA B L *kluﬁ:U[“* o
BJ%;}{J{’Iﬂ&%% 6 Ll éﬁfﬁl fZEI55% 5.8 g L [t T N j}{J"Ff‘L—HBfﬁ ?T%:FJ
FHATEATE (high performance liquid chromatography; HPLC) Jifr= ﬁ{f@*ﬁ%ﬁ’[/
S o B2 RS R B 55 114 mg L TR 5T 8 N = R

Bl E5Y 64 mg L’
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L)% (Salvia miltiorrhiza Bunge) F3'57%| (Labiatae) EL='E1'g} (Salvia) %27 % ?'Iiﬁj}’*’i » Xl
fi g e 7ﬁf’l e 8 | EL AR %; "FF# f_ff[“f‘f i }?Fﬁ FUl EIRI 188 o 2| S 3E05n
Y ﬁll?ﬁ Fd?f‘[‘ff: m"ﬁ?}% (diterpenoids) ﬂ*ﬂﬁ'{l (tanshmoneI Tan 1)~ %EFHIA (tanshinone
ITA; Tan ITA) W [E"]%jf (cryptotanshinone; Crypto)- I’} B?Fi?f‘["f—;‘/ [P %E (phenolic acid) 17 2[5
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3 (Salvianic acid A) ~ L]fi5[& A (salvianolic acid A) =*£|fi5J& B (salvianolic acid B) =~ (Hu et al.
2005; Li et al. 2002) ; 3 |*‘Zﬁ‘£[’plféhg HiR| B S0F | (RS L T s E['SF%‘} r%'(‘r’ﬁfﬁi . ﬁﬂﬁ?ﬂf" Y
FEHIT 'Fﬁ&i?ybjfﬁ%uﬁ KEEN] F E S o ?J%?*L\ii‘«'ﬁ]é'?Jﬂlﬁlﬁlfﬂﬁ‘(}wf (Hu et al. 1999; Park
etal. 1999) - [~} > Wu et al. (1998) 2 #’L[‘L | B EE P R TEA SET G EA YRR (N o E
%?f}”ﬁifﬁj?ﬁ?ﬁf T F“” ° IR =T fﬁffr ﬁ??E‘H'@" e A kA =i S
1"5”]%’3’&’?1%&’]} ) %Frﬁ:j{ul%’éf@#ﬁﬁi ae;fw?" ’]jif f*‘jﬁ‘ﬁlf#@f?x@“rﬂ?\ EI £ {E jglﬂ[ krj :@JFI JIEU%J
(Guo et al. 2002) = [F=9} » YT ARPIEER 7 SR~ HR = T I klAg R ;[E BN R BERE E
FILEEE (Saper et al. 2004; Caldas & Machado 2004) ° f ES«[DTW]‘ g ?a}%}%ﬁd’&%”izﬁ‘ﬁﬁﬁlﬁﬁ hgleHeHe
I 1R ST S P 2
SRS - S wa;,%fﬁuﬂ SR )+ 5T R

Tﬂﬁq: B }?ﬁqﬁ@%%ﬁﬁﬂ%‘lﬁ%@&ﬁ SUE B [/?f?? J@IFHE (Kim et al. 2002;
Nalawade et al. 2003) « FEP PR {4 & = O (OBIPBER = (RS TR B 1 %0 = E[ilﬁ Jf Rl

%%&J?J'EIWW’”% D RRLAE W T O B VR T R
“Elﬂu}/“”’“ %%Tjﬁ > m I[lkgj‘%‘jci]gl SRSt /i Y f&%ﬂﬂﬁjﬁj , /&tﬁﬁpi [~ F}t ”F |]—E?,I+J—ﬁi
(Roberts & Shuler 1997; Zhong 2001) FEREAS — RIS ?E‘ﬁﬂfﬁﬁ% » = }{J‘Tﬁb‘f EED I VB
LCER: SATL SEE RN RS I N R ﬁé%%lﬁﬁlﬁﬁq lgg% (Hamill & Lidgett 1997;
Wielanek & Urbanek 1999) o f 'ﬁrjﬂj‘i‘*j }{J{T‘«Lﬁfﬁ%“‘[ Elﬁﬁiﬁiz F' (Chen et al. 2001; Ge & Wu 2005;
Yan et al. 2005, 2006) » 4 A= g E I fﬁ% =3 (Lin 2005) » ﬁtfﬁ”ﬂjjéiif 2 7gf’?iﬁfﬁlfj'2}'»'
AU BB [ 2] R B S S BV G
B R R T LY 1 PN AR R LT
PP S R B AT R 4 RASFERREE - P9 fUE'JEﬁEf"fﬁ%;‘/ [“4?%37  (ERE
FPZE *ﬁ%ﬁlﬁﬁ EQRIfFEEL ‘Kﬂﬁﬁéi CEE- W S BRI T OV OEIPR
HifIR T‘“ T

Mk 7 &

im”ﬂjg' L% (Salvia miltiorrhiza) 7% [#I ?F'lﬁkﬁ?“féjﬂfiﬁfﬁél (Agrobacterium rhizogenes,
R1601) RGP V=S ELFPR] (Lin 2005) - 54 TEEF’?HQF & VPR (R AR SOV
PR (=5% 1.5 cm) %%EAF 3 %4 $i. BS (Gamborg & Miller 1968) H‘[F‘:W‘?ﬁ%ﬂ. » KT 25°C ~ EOK
E’FI%U?TL pliae 'ﬂiﬁ ’ %‘»I*%%ﬁﬁ%" 4 74 - [ilEE %%f TSN R PIET (Difco Bacto-agar) Hrjif r
0.1-1 N NaOH » HCL pH ];u{u%}l 5.7£0.1 JRESHEN TV e PR ] pH ];Eu%}} 52401
iﬁ%ﬁl[ J121°C ~ 15 1b in” (1 05 kg cm?) ; ﬁF,I ﬁﬁ ’E@Fﬁ%l 15 min &h [[ [f? B ﬁ'ﬂ?iﬁ%[’%ﬁﬁ?‘f
AMGFFE T 25 £ 1CITH Hth %ﬁﬁpﬁ% ?ﬁ'ﬁ'ﬂ?ﬁ L= }{J\ﬁ}%%ﬂ%& 25 £ 1°CTEE ~
ff[lﬂflﬁ"ﬁ ﬁ%@ 80 rpm I =1 SIHUEE A AR 2 7 R o

FIH [ iﬁ% 2 P “ﬁJ\T“L’Fz‘LJ\E?T[‘LFQIme%@’FE ’ %iﬁjf?@?ﬁ%?ﬁzﬁﬁﬁ%ﬁ%iﬂéﬁﬂ{
i - iﬁ% 8 A e 5 ki %%I B S LR o B 3L 1 Tk 0 355 3
EiHd - EIFE%%%%%W[ JFA 20 mL %%EL WE’%%‘TFF[ Z™" (90 mm x 15 mm, o plus » 7 [ﬁ) » Byl
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3 BRI VLR ES 3 B R - 8 R R R IV A SORE UL VPR (R
1.5-2 cm) » SYRHHPE S+ 10~ 15~ 20 fERELLFT 4 20 mL {aﬁ%ﬁ*v 125-mL = FSENE R
T 8 S EAREZE R 3 EED LM S 3 M % R T 10 PR G
0.03 g fEET) HFEHT FZO mL k[ i‘—%ﬁ%ﬁl I 125-mL $EF/E] 13 mi‘%% %%@%ngﬁw?ﬁﬁ3
s I*I%fﬁ T PRSI ZED - Bk pH (- %%&Hlﬁ# EIRRE T P PR
Bkl 2 R

= PEZE ?ﬁﬁ[ ]’T}{ﬂj =P 3’?5(5'}5@15]'1?1 ESTEIRSARILT A fﬁﬂiﬁ‘ 45-50°C A iR = Frt
E]E'IEJH EVLEEZE[ o At i/ =5 JPRAALD [l B ?V?’F‘T%’J [ &P (dichloromethane)i f'I7i (methanol) =
: 4] SETPI N RS ME 20 min ST » TIETE VIS 1
(A O ] AR ESRARES (EYELA - [I4) A= ﬂJF' F"mw&:?‘,' %] 0.45 pum PR
(Millipore » [I£) 3l > I') HPLC 4w~ #ﬂﬁ]ﬁ%l 2 A,EE (f%d¥F1 Chen et al. 2005) » F[[* [ik-{fk ¥
W i;,#’rhﬁ f&HIL 2l sz':F[A]fE', » 3 itﬁpbtfvﬁ Bftl fg | b’\;@s@:lF]l,j« 7[7 Fﬂ%ﬁf Iy apg( P2
F’ (Ethyl acetate) » 78]%] ajﬁ{&ﬁ =55 JVHTE B ? B |l ol e 15% (n Hexane) EiHd
“*““‘%‘i' Fi T R ﬁ"’“’i'ﬁﬁﬁﬁ?%fﬁ’%?%ﬁ?} fiz > FIP "ﬁJ&F’“ %'} 0.45 pm YU | H
HPLC 430 %ﬂﬁji'fglp EHVH] (fZd5F 1 Chen & Chen 1999) o %24 JU 55 ARl E'Jﬂ/i’?f}“ﬂ el
Merck (X 3) i LC ;&WJ

HPLC 013 i 20 T WA BB 4 1 (Waters » 58§ RTINS RP-I8,
LiChroCART® 250-4 (5 um, 4.6 x 250 mm) (Merck > :;\[Et}[) T 30°CHEEEF™ > I'] Methanol :
Tetrahydrofuran : Glacial Acetic Acid : HyO = 18 : 35 1 1 : 46 (v/v) ERFZEIA! (Merck » S B) » il
1 mL min™" > = % 254 nm 3% 7 5] *x@ﬂﬁﬁ%l VES) 7F‘T (f£d>F1 Chen et al. 2005) = -] xﬁﬂﬁf I
(Tan 1)~ %] {1 A (Tan 1 A) 2055 %t (Crypio) IR o i) VAR £ 100
80+ 60 ~ 40 % 20 mg L' » T FRAIUHRIET B 10 p L B s ik 3 1
SRR RS o B s P BT L EREARSETRE T I 10 pLyefe ~ EVHIE S 3 %> (R
LR pIEE R “T'%ET ﬁi’ﬁ’}lfli Tan1 ~ TanII A * Crypto I;[Jél o

iﬁ%]ﬁzf[[f’ﬁ S L“" A ERIEDS F| P PERITIGI S A7, (YST 2700 SELECT biochemistry analyzer,
Yellow Springs ° asel) R B r[f'c““ﬁ (YSI 2703 membrane kit) Z=2&Z#E (YSI 2365
membrane kit) [EFRIGE ) gv*ﬁ%ﬁﬁ 2 mL FEEES (8000 rpm) & o IV HIEIRAE S A o %%
Tefl1 4% % (ammonia nitrogen) E"?ﬂiflfzﬁz Z (nitrate nitrogen) 57 7 {7 F| M & R FIEY T TR
(Nitrogen Auto- analyzer ALPKEM - S ) =5 {{Rf] (EPA-600/4-79-020 1984) - *?*[ Tkflp J’*FI LTS
EEAEEIRD (7 FF iR (KNO; » 3% 0-10 ppm) gﬁﬁ&% [(NH4),SO,4 > % 0-100 ppm] (%=
:I‘?ﬁbff# Ffifiod T’Tﬁﬁﬁ@iﬁéifﬁl mL FEEES (8000 rpm) TV HEIRARE ER K o (A B EGE

R BB AR B B RIEA B L pH A T B B
1] S S 8+ R 5 B 3 lﬁéewmf;%@iﬁéﬁ X ETH T s
’ﬂ;‘i SRERETIH YR AE SAS 8.2 (SAS Institute Inc. 2001) EEHERF 57 T’?‘p’f{’%‘é{’? ANOVA &
AR e %’ Z P (p<0.05) > [I[JF]*] Least significant difference test (LSD) =it E‘[ e
1‘3[;@ INEN

-
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/m R

RAHREIEEEEEHERRERBREASHESEZEE

IR i SN R S LS it e | G 2 8 e e G A 1 A
iﬁ@?ﬁ&iﬁiﬁ&%% TIPS P 3.5 g LT 36 g L ﬁﬁ'ﬁ%%dﬁiﬁﬁzﬁﬂiﬁl
23gL'=25gL" R AN R ﬂjf&iﬁ%ﬁlﬁ RELGESLAL TR AP
T‘iﬁﬁéé 8 JHf > F[|M] HPLC 155 #rtl &) S [ifigi ﬁi'w?%%&ﬁ ’ Tﬂ%ﬁ?ﬁﬂiﬁﬁﬁgfﬂﬁﬁiﬁéﬁ
JETH L] ‘ifﬂﬁ{‘l'fg (Tan I + TanII A + Crypto) FA',EF STHIEE8.12mg g = 543 mg g ﬁbﬁ‘%ﬁ?ﬁ%ﬁ’?@ N4
L] ifﬂﬁjﬁlﬁg SYHIEE 210 mg g' =2 3.6l mg g BB - W B JFEI ; ﬁ;@%ﬁgﬁgfﬁ&ﬁg%%p S
BB B (4 ATRD X ﬁi%) £75,28.13 mg L » ﬁ#&%%@%&i{ﬁ/ 19.81 mg L™ Fh ) -
ERREEEHERRERMASHESECEE

FIR R T RIRCE T :'ﬂkﬁiﬁémﬁuéﬁ%%#ﬁfﬁ ERERER > A 4 {ﬁlﬁfﬁiﬁfﬁ%f‘ézﬁf*ﬁé% ke
15 PEULRERERAT ] (1522 20 4500 UBBE I R (= > = Pz =159 6.97-7.97 g L B,
e 4.60 g L' 10 BURECEES 243 g LV S ELRECER (W' D) - FE L 8 S 0 10 % 20
AR ER I = PR = 1559 9.83-10.22 g L IR N B 1 R (S i 6.93 g L'
VSR RIS o F|[ B HPLC 3 53 ﬁfﬁ B 8 = P iﬁﬂﬁfﬁ'ﬁ (Tan I + TanII A + Crypto) FA[
EURHREE » 10-20 BURECRRE [ AY 14.72-14.89 mg L 5] Sk » S he 5 UL AR
10.57 mg L™ (' 1) <
TZEERRGEFFIZSBEERRTFZAE

AT B 10 S A ~ A2 RUSPIE 24 o PR R S g
8- (PR 1 S M =P SEL (RIPOL T [y i 27 2 S ™ S5 0 (exponential

1 PULE R S T b B0 2 P RN 2RI S BV B
Table 1. Comparison of root tips and tip-free root segments of Salvia miltiorrhiza as inoculum on root growth
and tanshinones production in liquid or solid culture *

Root biomass Tanshinones (mg g)

Treatment (gdw.L™") Crypto™ Tan I* Tan [IA* SUM
Solid culture
root-tip 476 +0.08 c” 1.14+0.005 d 0.54+0.013d 0.42+0.001d 2.10+0.008 d
root-segment 5.08+0.03b 1.96 £ 0.003 ¢ 0.79 £ 0.004 ¢ 0.86+0c 3.61+0.002 ¢
Liquid culture
root-tip 7.04+0.07a 2.48+0.029 a 2.16+0.054 a 2.18+0.018a 6.82+0.102 a
root-segment 7.36+0.09a 2.11+0.020b 1.79+0.054 b 1.53+£0.024 b 5.43+£0.049b

* Liquid cultures (5 explants/20 mL B5 medium/flask) were placed on a shaker (80 rpm) for 8 weeks, 9 flasks/treatment. Solid
culture (5 explants/20 mL B5 medium/Petri dish) were incubated at 25 + 1°C in dark for 8 weeks, 9 dishes/treatment.

¥ Means within a column followed by the same letter are not significantly different at 5% level by LSD test.
* Crypto = Cryptotanshinone, Tan I = tanshinone I , and Tan II A = tanshinone II A
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Fig. 1. Comparison of number of root tips of Salvia miltiorrhiza inoculated in B5 liquid medium on root growth and
tanshinones production. Hairy root cultures (5, 10, 15, or 20 root tips/20 mL B5 medium/flask), were placed on a
shaker (80 rpm) at 25 = 1°C in dark for 4 and 8 weeks to determine root biomass and for 8 weeks to determine
tanshinones (sum of Cryptotanshinone, tanshinone I , and tanshinone II A) production. The columns with same shade
followed by the same letter are not significantly different at the 5% level by LSD test.

phase) &%%5‘1 3 i i I = S PZE T SR 11‘”?, g% 6 JEN [t P ia;l £
5.8 gL e FHETREUZEE il A A PR Y 3 e VAT~
[t CEVRI A > R =ML SR R St = EIU% LG

R ﬁﬁ%x@ﬁ% [1TfilF 53 ’r’ﬂﬁéﬁz HETR (NHS 2 NOy) ~ Wifl Of B d5pl) 1 Rs i
(= N & *ﬁ%;‘m iiﬁﬂjiﬁfﬁéfﬁ FlTNH, i&@“‘ﬁiﬁl?iﬁpi&@ J 10% > |1 NOy’ ?%%F*iﬁ%z;ﬁ@ Fl1
Fﬁ“&‘ﬂ B“*%%%‘%ﬂ E ST C e t'HLf’%‘%‘i EfST ( 2B) © %%?&HIT,"J SR L
(e A = D 2C B o THOPIIRG =T iy Plogl ™ [Re > 478 *“‘fﬁ 51 3 G VR AR B Eﬂ“ﬁp
R 13% ‘Zﬁpjiﬁfﬁéﬁzfll%‘ﬂ* JRR S ri%%wﬁf PR = PN SRR R PR
(S (i?ﬁ Y3 3H) > REEPRRE A = RE WK %ﬁm 1.72% » iy flFRE™ ﬂé%%éé‘f 10 4.V
0.63% o Jﬁgfrﬁ/ pH [’@@%[ (l’ﬁl 2D) -,‘ﬂaﬁg’ﬁﬁz SESHrd %ﬁzﬁf > ]@%& &j}vﬁ;ﬂg& Eﬂjm [ %
iﬁ%é‘fl S NS FIES %“(pH44) [N ] =+ = pH 4.9 (%%5‘53 ) > EEAER T 4.8 4.9 R
= iﬂﬁ% 10 e s - -

= ﬁ%@”ﬁﬁﬁﬁﬁrﬁr{dﬁfﬁ%*L %ﬂﬁ[ﬂj@ﬁ]ﬁﬁwpﬁﬂ 3 Ff > =€ PRYELE | @«ﬂﬁ]ﬁ R B R
a‘;quﬂFj (%%5‘;7 vel) RSB REA [F‘fﬁﬁ*;{&r‘@ 2 {iii% £1544% 15.8 mg L pJ%%ﬁTS L -
%%Ffﬂﬁ PR "*ﬂﬁﬁ: JiEE 54.1 mg Lo 1=t » ri‘jﬁﬁﬁl*?ﬁéﬂiﬁfllﬂ FPER Bk E B
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Fig. 2. Time-course study on factors affecting hairy root cultures of Salvia miltiorrhiza: (A) root dry weight, (B)
concentration of ammonium and nitrate in culture medium, (C) concentration of sucrose and glucose in culture

medium, and (D) pH value of medium. Hairy root cultures, (10 root tips/20 mL B5 medium/flask), were placed on a
shaker (80 rpm) at 25 + 1°C in dark for 10 weeks.
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Fig. 3. Time-course study on tanshinones production of Salvia miltiorrhiza in liquid cultures. Tanshinones were

extracted from hairy roots and culture medium of the cultures (10 root tips/20 mL B5 medium/flask), placed on a
shaker (80 rpm) and incubated at 25 + 1°C in dark for 0, 2, 4, 6, 8, and 10 weeks.
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R FEEET S i R e ([l 4) ﬁ‘?”f?%%ﬁﬁéﬁ ljﬁ 53 =AMLY B B ?‘Miiﬁ%?ﬁiﬁ’?? o F|H [k

A 542 g A R R 10.20%
““ﬁ 5310 ﬁﬁﬁ*ﬁgfﬁ Hl B2 fis! it 6.5 mg L' ’LHdEHjJ“CI %%J/ jﬁ%@?{ﬁ%&ﬂ Sl ES
A9 64.5 mg °

S

Hitaka et al. (2000) E"”FJ 2t (red beet, Beta vulgaris L. ‘Detroit dark red”) = }{J\Tiiifﬁ %ﬁﬂ—‘}uf[ l}‘F,
Lo < PRAL I 37 5 TR (7R 1= LR (elongation) 2PN AY 5 *‘*ﬁﬁf{fgkﬁumlﬂgy EEnEta
’J‘Zgﬁ = Fflf[ 160 AL (root tip meristem) ?E [ > B = P = W RIS G = R
G R ?@*ﬁ% FHGE N TR PN ,ﬂ;{*ﬁ‘,&%:;: 1 ﬁﬁ?ﬁ%?f [ A=

-

4. L] 35 P4 BS &”“Bﬁ%gwfﬁg 10 SRS IV % ﬁwﬁcﬁ‘[ﬁ@[‘*']ﬁﬁ/& o

Fig. 4. Growth and color of hairy roots of Salvia miltiorrhiza in BS medium for 1 (A), 4 (B), 7 (C), and 10 weeks (D).
Hairy root cultures (10 root tips/20 mL B5 medium/flask), were placed on a shaker (80 rpm) at 25 + 1°C in dark for 1,
4,7, and 10 weeks. Bar=1 cm.
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23 %ﬁljﬁfwf o BT R R BRI TR P NF' JlE}TEﬁF
BTN RS % o ”ﬂ e R AL RIS E R R T B S IRE B fgﬁﬁﬁj
2 VRIS SR B PPN ) ECRI I TR SRR - 3 6
U 1D S AR (S B - AR PRV AR R RS
E[*E‘g?ég*ﬁ%??% (Mano et al. 1986; Sharp & Doran 1990) - £] %= jﬁ%&%%ﬁﬁ 2I'] 0.3 g fEE
iﬁ%ﬁ/‘ 40-50 mL if ?ﬁﬁ“%%ﬁl FUEB7E BN E S E8& (Chen er al. 2001; Yan et al. 2005, 2006) © T-’]imuu,
Bt B o FI[MEEET[E 0.03 g 10 iR == L iﬁ%ﬁ"ﬁj 20 mL [V 125-mL P 155
PR SO PR SR N RERE T B D R B
44 BT Han er al. (2004) ;fp“' IO R R gy
oIl 7 St Aok AL o 1) BT T [ S S 1 SRR 4 R - SR
7 I*i?fé'u BN - (SRR BRI A l”ﬂﬁz“ui'li [H ] B PP
ﬁjjf‘ |NEMSLRE o FIE RS PR ‘H‘%;ﬁd TIPS -

Huang & Chou (2006) ﬁ/‘%@ j}{%ﬁ?ﬁ% Tk ll = |ﬁ,—b,’14vr‘«Li iﬂ%ﬂlﬁ EI%% e ()
pH ~ BRFHE ﬁi?&  EYREE R F Rk 'E]E”TJ T D }%K;“,E_lq&‘“ Fl R T R E

SR PRSP B I o 1 R T

2 O BT PP S B SR T B [ i e
PO B 1 2 BT N PSRBT - S150] 5 gL T‘im;: R
54 0.03 g V= ARG B 6 S ORI OIZE K5 5.8 g LT ARYTy 1 ] B R
R HZE T8 14 g L (B8R4 0.3 g fw. 40 mL™ ~ 2% 5 ) (Yan ef al. 2005)~6 g L (£
5403 g fw. 40 mL™! %%3&)(Yanetal 2006) =4 gL (B £S5 0.3 g fw. SOmL™ ~ %§4
Ji#) (Chen et al. 2001) » ¥\ HEHE IV HFEERZ EOE 10 ]ﬁﬁ E > FIIEE= 7{:?’37:4[“ NES I SEESS S S
%ﬁ I BT P o B Py ﬁ%ﬁ?ﬁ%’mm = Bl %;T?ﬁ 1}"}#? 1 (Trigonella foenum-graecum)
(Fernando et al. 2001) }{J\T‘«b‘?ﬁé 13 g L (B7EEI5%0.1-0.2 g fw. 40 mL™ i‘ﬁ% 53) o ([His
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IR 16%5° 28% » BB B AL SRS LRV 4 - Shin et al. (2003) 7]
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» FEHIE TR % BEkfIWR ~ 2RV BT HEJFJ%% Shin et al. (2003) P - *f[ FLK
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Production of Tanshinones of Salvia miltiorrhiza in Hairy

Root Culture'

Uei-Chern Chen?, Hsiao-Sung Chan®, Choi-Yi Lee?, Chin-Yi Tsao?,
Jen-Chyi Liu®, Yahn-Chir Lee’, and Chi-Ni Hsia>’

Abstract

Chen, U. C., H. S. Chan, C. Y. Lee, J. Y. Tsao, J. C. Liu, Y. C. Lee, and C. N. Hsia. 2008. Production of tanshinones of
Salvia miltiorrhiza in hairy root culture. J. Taiwan Agric. Res. 57:305-316.

Leaf explants of Salvia miltiorrhiza were inoculated with Agrobacterium rhizogenes strain R1601 to induce
formation of hairy roots. Root cultures were established and maintained in a semi-solid or a liquid BS medium.
They were used to study effect of source of inoculum, size of inoculum, type of media and incubation period on
production of root biomass and tanshinones in liquid culture. Results showed that root tips were superior to other
root segments as inoculum for production of root biomass and tanshinones in liquid cultures. The treatments of 10,
15 and 20 root tips/20 mL BS medium significantly increased root growth and production of tanshinones, compared
to the treatment of 5 root tips/20 mL B5 medium. Concentration of sucrose and NH," in B5 liquid cultures rapidly
reduced to 9% and 10%, respectively, in 3 weeks, resulting in a decrease in biomass accumulation. This indicates
that carbohydrate and nitrogen might be important limiting factors for hairy root growth of S. miltiorrhiza.
Production of dry weight biomass in liquid B5 medium peaked at 5.8 g L™ after 6 weeks, whereas production of

tanshinones peaked at 64 g L™ after 8 weeks.

Key words: Danshen, Salvia miltiorrhiza, Time-course study, Nitrogen source, Carbohydrate source,

Secondary metabolite, Tanshinones, Hairy root culture.
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