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INR o FERERS B AL - PR BS BB EP R ARG & 2R HERST (KNO,) Bdlifisk
[(NH,),S0,)] KHEREEHNH2ERIREEE - H2HGERHEERZE - K
BS BN 5 2 iEMR SR S A EAEE Ry 0-49.5 mM » BS Fid J3 i HERE S SRR
MERFANSER - BIRIRAR 8 FRFERR - BUREL 12.4-37.1 mM fEBgSEE AR 4
BE FIZ2iNEEREZRIDL 37.1 mM EESSFEE RS - BB B5 Bk
(24.7 mM FEEEST) HY 2 £5 - K BS BEEEAC /TR 2 IRERER R 47 A% By 0-2.0 mM
HEITEARMBRGE - BS Bo/ih 2 HERE T BOREHERE N8 » (SRR EMRIRA S
Wilgss < BE B R S R m L BB E 10.25 g/L s (R 2 &8 M E R T »
AL 0.5 mM Wi R e » 2B R S BS B5 AL (1.0 mM FRERER) 1Y 2.8 5
B 41 5 o RIESEAS R BRI BARMRRY AR R EAIGIER » RIBLERF RS EeRs
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BU
HYE NEIKE EEHARE » BRIEH
NFRRREFRCI - BtEYiehEAr XA
B (secondary metabolites) BRI {E Ry B ~ Y
B~ TRIELEEY 2 H 0 FF YR R E
VIR G A 5 DAL ST & 1 BT
ety R - (HIE L R
VI AR & B R - 80T RERH USRI
A o DURHRRES R A B B ZAE Y < A ~
SELEREYRENESEE T ACEEE 2B
fE - FEVTVE Ry KBIRE AR EE R E A Y — KA
ZBERTTE - AMEAT RIS A - 5
PR AL Ryt FEE PR AR e I AR R W [ 2 1Y
2215 (Kim et al. 2002a) °
P2 (Salvia miltiorrhiza) RS F} (Lamia-
ceae) EEEE LT A EAEY) - 1R
B E R EE RIS I 2 P TE
B2 WHFE NG B P 2 B EIH M i gt SRRy
AEJJ (Hur et al. 2005) » BHAIREIIKA 55
YER > W AIE R YL OIRERYEEY) (Lei & Chiou
1986) » — % 5 HFH2 2 U R LB KT

5 I VA e Y — [ TR AR AC VA T W R -
HRIEVATE R P22 1 (tanshinone 1) ~ £122

fi TIA (tanshinone IIA) ~ F}2:f 1IB (tanshinone
1IB) ~ BEFF22 (cryptotanshinone) 5% (Taka-
hashi et al. 2002) » ELEIREE LG HASE
HIPTARIE M R iR B R ESBFRAES) (Wang
et al. 2003) » {EFH2HARYZEBINTSEH - Kang et
al. (2000) F5H + FH22EE 1 BdEE ST 2 EARES 4l
fiill interleukin-12 (IL-12) # interferon-gamma
(IFN-y) RYEE4: » ELAHLHE K Bz 70 5% S e
EA 5 Yuan et al. (2003) FEHFFZ2EF 1TA BT
SR S M BB BERU MY (acute promyelo-
cytic leukemia) MIREAE A FHE 3 LIEA » 8
FEAti e R IR RN - SLAMBRERS S A S
MR e el B AL 2R P o e o 5 2% e s A i
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IR (apoptosis) 5 BEFF2ERER T #7285
HE RS EGVIREE (Lee e al. 1999)
Ab o AT E SRS H B (matrix metallo-
proteinases) * HAAVUIME PS4 FIPTH AR
ARBE(L SO+ M LR PRIGIFE ] 27 )7 (Suh
et al. 2006) °

H I Y Bl A= AEtEY) — K
Y - & B R RS R
ARARES ZE R R T 20 - Horp B RAR R #E b 2 AR
AR TR SRk A P REL 1 P P Wl HL A AN B 14 4
R AROIRAERS - AR R B A A R
O ANFFUIEY) A R ETA ~ 8 IR
ZR YA G R R R E SRS (Shanks &
Morgan 1999; Srivastava & Srivastava 2007) °
FFAEY) R EY) < A R BN A
FARRFES (Flores et al. 1999) - LM AP BX
FELEIVEEES [ (elictor) » AMIREE T (Zhang et
al. 2004; Ge & Wu 2005a) ~ F£REAS 7] (Chen et
al. 2001) ~ beat-aminobutyric acid (Ge & Wu
2005b) ~ BERRWEE (hyperosmotic stress) (Shi
et al. 2007) ~ HHY) A4 KFEE] (Gupta et al.
2011) » BT EERI B R EL T (Zhang e al.
2004) i IIEE ] LI I 2B AEE
SELP 2 S R o A R SR SR Y i
(Kim et al. 2002a, 2002b) » BESFARIREEER AL
Ry RSB R EYHES -

(NO;) #EIEME%EGRIAEESR (nitrate reductase) 32
JERCREAH & (NO, ) » REfiF MR 2\ T Fh nn i g
ZOEF R (nitrite reductase) 27 E 7 RESA
(NHy) » FFLIBARERE IS S RESR (glutamine syn-
thetase) M RRBE TR BERRIEZ I (glutamine) »
i EE Y e R IR YRS R R (Lay-
zell 1990) o AR RE ZAS H 3= Bl A A
HYItEtR - /N A E bR e A I T T
# 0 Kt DA RE 2 M O TR - BIfE
ERER A HEYEE N R i
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ZHIHE ST A st AR - ZEARIR PR
FETLIER NH, » KRy NH, $HEY)HTR
K+ A B RIS O T O B 1 P T
il G - MRS B — 2
EREHENRTRE - P AR Y <
ERAHARPTER AT HOBS B AL 7 - FEIRERBIEZA
JEAEAE B B B HYNIE] » JRREE PR e S B
REZ PR SRR DA R B S LE I i R e
v EAFEEEYEI R EZERIRE -
Lin (2005) 2L MS (Murashige & Skoog 1962)
1/2 MS » WPM (Lloyd & McCown 1980) ~ BS
(Gamborg et al. 1968) k2 N6 (Chu et al. 1975)
FEMO T B AT P 2 AR R AR R
HABEIRTE WPM BB AR AR L BikR 4
B [HPFZ2ERIELE BS BB F 1525
= Z P2 Hi%E (tanshinones) & » 23T MS »
B5 » WPM B N6 i& 4 fERS AL MR & 8K
FEBs MS (60.03 mM/L) ~ N6 (35 mM/L) ~ BS
(27.03 mM/L) % WPM (16.10 mM/L) » £th BS
BRI Ry K GRS et e thy - HARE
EERAE 4 MEEERERC T BT R AR - (AR
B BRI $ 7B 22058 A AR SIS A BRH A 4
$ ° Chen et al. (2008) FIFHZERIRESEITSFE
RIS » BS BB P 2 B E B A RE AR
[ e baE R R R R R - Hrp X DA%
REZUIRTHRERE ZHFE S Ryl - TEBIRIRE 2=
3 EBEIHGEIRA o FHELHER - B ArhiR it
ZRAIF IR S BN S H - BRI ERR
HY 4R R B — R YR G A s 2 -

AWFFELL BS BEEENC ST 1E R FH 2 EBARMRES
BHEBER R - PREMEIE BS Bl RSB A
R T ARSI SH (potassium nitrate, KNO;)
B84 [ammonium sulfate, (NH,),SO,] B
AR A R ELP 20 & BBl 2 s 2
A — A ERET R BARAR RS 2 AR BRI
Wilkss o ¥58% 7 =NUE R S 2 BIRR A E & B
FI2MFE &2 vI1TE -

MEIE T E

N2 ERREE

FI2 BB 2T A S R
FERFEE (Agrobacterium rhizogenes, R1601) G
FiTfS: (Lin et al. 2005) » EARMRESE 2 [ERERFE R
T BS HAEHARL TN 3% TEHEEL 0.9% Bacto
agar * AR 25°C MOBIREREE T TR -
4 AR - IRRERSE R R Ry YJHL
REREESEE AR 2 HEREL 1.5 em ZEAR
FRARAR » EASER 20 mL H5EEIY 125 mL = f4
e FE R 5 RIRAR - PR TR 3
i Y 25°C fEOEIR BRI R A1 U R
#ZeslL 70 rpm HEITERETE -
R2ERREZATHA SIS EST

KR < P2 BN E R HEAE L 50°C
HZME 48 /NRFE R N E R B HAZE - P20
i f¢ HPLC Z3ATK#8 Chen et al. (2008)
JIEMEAT o KRR B AR B E i -
W E — R B B bk B M R & OF
FEEY 0.5 g BEfd AR LL 10 mL % F%E (dichlo-
romethane) : FEE = 1 : 4 {REEBIFEROE S
FEVASNTE Y 20 438 + AELL 2700 rpm HEL 10
SIS AOR » EEZEEL 2 K 0 KRR
Bt DLE 22BN (EYELA » HA) IR
i IRHERAS HEEE AL 0.45 pm JEEGHE
& » LA HPLC 357 7 AsHI P22 1 (Tanshinone
I, Tan I) ~ 122 11A (Tanshinone IIA, Tan I1A)
HA[E 2200 (Cryptotanshinone, Crypto) > FFZ
B EASEHE Sl LR AR R (1) -
H2ERRPEASHESEMUESEZEE

DRSS BN BE P20 ~ FE22 1 Bl
FIZH A && (mg/L) > FHEMSI 2 &7
(mg/g) » FHESTHy -

FIZEE SR (nglp) = FNIBEHE R (ng/g) +
FH20A 1 & & (mg/g) + P20 A & & (mg/g) °



FIE2fifERE R (mg/L) = FIRERIR4E &
(mg/L) x #&FH 2 & & (mg/g) °
HERFREHAZSEURERRAZHE
EREEFERE

DL BS HERANC /T Ry ARG BRI T AR
MREEEE » KT T W R SR B 43 B S Ry
O0mM 62 mM -~ 12.4 mM  24.7 mM (B5 B 5
R BEM) ~ 37.1 mM > 49.5 mM - fid 5h
ZHERBGT SRR BS Bl T HERF A
TR RRETIR RS2 3 - 555 8 AT
AR AR B R B P2 5 i o
MERBEEEHASERRERRASHE
EXERE

[FIRELL BS BEEEANC /7 R A A RS B ELET TR
ARIRET R » 1 BS BC 7R iREE SR B HIER
B 0omM >~ 0.5mM ~ 1.0 mM (B5 Bt /5I2EE - ¥
IEHH) ~ 1.5 mM K2 2.0 mM - Bt Jire HERE o>
BRI BS Bl T HEFF N - AR R
FREZILETER 3 M - B8R 8 HRAEEINBEAEE
EEH RS2 & -
ERRERPEHFMFRERZE A S ERR
Y REAZHEEFERE

FIB2ERIBER SIS BS 5582+
B3t 4 081 - INEFEIRP IS EE - BiREE
W ZRRFESEE R 1.0 mM fz 2.0 mM »
G 4 BERAEEIRRAEEE R 2E S
& o B AR RHE 8 ERSEN A SRR
BFHE 8 AREINEHR 1.0 mM FifEsZZ BS
B PI2EMRIR -

WEt PG E

BB ER 58 2@ ELET (Completely Ran-
domized Design, CRD) » REFRHIEUE 3 i » 77
AR HZE » RIEEEARRZ #ZEHL
KD - FrDA= RPN & A i K R —
PR KRR AR B OFR FRE THURR 34T © 5l
FrSERHR SAS 8.2 (SAS Institute Inc. 2001) 2
BESRS TS HETT ANOVA 8504 » 5
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P[22 FLRESE (P < 0.05) » HIFI Least Signifi-
cant Difference test (LSD) ML £ B EESEI{ER
A

m R

HERFEEHAZSERRERRAZWE

FIZEREEENEH 0-49.5 mM WSERST
ISR BS BREND RS R AL 8 Sl  FERANER 1
Bl 1 s o B RRSE e 0-124 mM
Z R - FH2ERIR A E R G PEE iR
PR - DL 12.4 mM WSS STERERAH &< Bk
RAEEERE » B 8.9 gL s BIMEEEER
12.4-37.1 mM hRs G et R s 22 5 5 ]
FEE SR ERERE S - BIMREEEER
W N R - TR 1 SRR A
el o e e R i R SR e - 1] B =X 1214 3
PREEERA - Al DIBIEREIN 2 ERIBEER
WA « TEFH2ER S50 0 BRT 0 mM Al
At EAE S 2 BEPH2ER (3.24 mg/g) Fb » H
AR HUR BB FH 20 & B bahis
FrP MG sR E fE mm i - Hrh N LIRS SH2
fil & ML P2 EER i - D
37.1 mM fiP SR R B AT 15 i e P 22
SRR AR 6.40 mg/g Bl 53.42 mg/L
Rl BS BB EREH (24.7 mM REBEST) 1Y 2.1
R 2 6% -
MEREEEHAZSERRERRASHE
EFEAE

FIZ2ERIEREE 0-2.0 mM REESLIRE
HY BS BEMARC TR EA RS 8 Mk - KR4
7 2 BllE 2 FiR o FI2ERREE R SR
R iR - Ry 10.25 /L - 2R
B5 KL (1.0 mM FREEES) 19 1.8 £% 5 FERRAR
SRR 0-1.0 mM Z[HIF - 2 EIRIRAE
EYEERREIEE TS EEE TR - B
PR R 1.0-2.0 mM Z[HEFF - =3B E
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® 1. MRRIMREEFIZ2EINMRER « 2SRRI 2R ER P8
Table 1. Effects of potassium nitrate concentrations on biomass, tanshinone content and total tanshinone production
in hairy root cultures of Salvia miltiorrhiza

Potassium nitrate Tanshinone (mg/g)

(mM) in BS me- Tanshione produc-

dium ” Biomass (g dw/L) Tan 1Y Tan ITA Crypto Total tion (mg/L)
0.0 0.20+0.06d " 0.00 0.00 3.24 3.24 0.65
6.2 595+020c¢ 0.02 0.00 0.89 0.91 5.42

12.4 8.90+0.30a 0.02 0.06 1.41 1.50 13.31

24.7 8.90+0.30a 0.20 0.53 2.35 3.08 26.15

37.1 8.33+0.33 ab 0.68 1.50 421 6.40 53.42

49.5 7.92+£0.24b 0.25 0.79 3.88 4.92 38.87

“ B5 medium was used as basal medium except concentrations of potassium nitrate were amended. Cultures were incubated at mod-
ified B5 medium for 8 weeks and tested for biomass, tanshinone and tanshinone production.

¥ Tan I: tanshinone I; Tan ITA: tanshinone ITA; Crypto: Cryptotanshinone.

* Mean = standard error (n = 3). Means followed by the same letter(s) within each column are not significantly different at 5% level
according to Least Significant Difference Test.

1. FIZEIRIRAAFIREHIEH . BS BOR AR 8 BRCA RN -

Fig. 1. Hairy roots of Salvia miltiorrhiza cultured for 8 weeks in the modified B5 basal medium containing various
concentrations of potassium nitrate (A—F). Concentration of potassium nitrate in the medium: (A) 0 mM; (B) 6.2 mM;
(C) 12.4 mM; (D) 24.7 mM; (E) 37.1 mM; (F) 49.5 mM.

ARRAEE B2 R - e 2 E RS TRy 2.36 £ ~ 1.68 551 1.43 £% - #EFH2H
1 EREEEIEE R 0.5 mM B FI2EHES & FERE 60.94 mg/L Ry ¥HHARHAY 4.1 15 - & 2 H]
R 0 Ry 724 mg/g c HAP S 1 12 BIRIRRREEEEN BARR AL R 20 221
il A KESFH20 =20 S &a e 22 [EREESEE R 0 mM RGBT » &
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) 2. MRREREHFIZEIMRAER « I2IE R I2IEER P8
Table 2. Effects of concentration of ammonium sulfate on biomass, tanshinone content and total tanshinone production
in hairy root cultures of Salvia miltiorrhiza

Ammonium sul- Tanshinone (mg/g)

fate (mM) in B5 Tanshinone pro-
medium * Biomass (g dw/L) Tan Y Tan ITA Crypto Total duction (mg/L)
0.0 10.25+0.62a" 0.14 0.16 0.03 0.33 3.33
0.5 8.42+0.33b 3.54 1.01 2.69 7.24 60.94
1.0 5.67+035¢ 0.15 0.60 1.88 2.63 14.89
1.5 6.35+£0.19¢ 0.40 0.58 1.48 2.46 15.59
2.0 6.20+0.12¢ 0.59 0.60 1.51 2.70 16.75

“ B5 medium was used as basal medium except concentrations of ammonium sulfate were amended. Cultures were incubated at
modified B5 medium for 8 weeks and tested for biomass, tanshinone and tanshinone production.

¥ Tan I: tanshinone I; Tan IIA: tanshinone IIA; Crypto: Cryptotanshinone.

* Mean =+ standard error (7 = 3). Means followed by the same letter(s) within each column are not significantly different at 5% level
according to Least Significant Difference Test.

2. FF2EIRIRA A ERE RS 2 BS BL TR ArhEE BB EREE -
Fig. 2. Hairy roots of Salvia miltiorrhiza cultured for 8 weeks in B5 medium containing various concentrations of

ammonium sulfate (A—E). Concentration of ammonium sulfate in the medium: (A) 0 mM; (B) 0.5 mM; (C) 1.0 mM;
(D) 1.5 mM; (E) 2.0 mM.

ARIRADRIERS - (HEBRREREGET - RN BRI Ry 1.0 mM 5 2.0 mM
0.5-2.0 mM Ffiffek < FBaHT - BIRIRIASRME  HEREER REE: 4 HAVREEE - FEmRERSL 2

RE- GRS 37 v TN Frp SRR - BERHEI2ERIRER
ERBRERFERMAELEZHE /S ERR  HNISEREOZE - HE 8 TR RN
SRRAZHEETEAR 2% 3 BillE] 3 R © RSN e =N a kil

FURRERRSAN) BS SEUEIEIT T2 BN BIRHHLEAES L BT 112 ¢ DWL -
RSB (B BRI (SIS MA RS T2 RIGE
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R 3. PR EIARRIIREE S S P2 BIRIR A B & - PH2 S SR 200 E SR 2
Table 3. Effect of amendment of ammonium sulfate in B5 basal medium at week-4 on biomass, tanshinone content
and total tanshinone production of hairy root cultures of Salvia miltiorrhiza

Ammonium sulfate (mM)

added in culture * Tanshinone (mg/g)

Tanshinone
Initial 4-week-old Biomass production
culture culture (g dw/L) Tan 1~ Tan IIA Crypto Total (mg/L)
0.0 0.0 11.2+0.50a" 0.00 0.00 0.05 0.05 0.57
1.0 0.0 7.42+0.26b 0.79 1.06 2.14 3.99 29.59
0.0 1.0 9.58+0.03 ¢ 3.18 1.72 1.85 6.76 64.70
0.0 2.0 8.82+£0.56 ¢ 2.66 1.62 0.66 4.94 43.53

* Initial and additional ammonium sulfate concentrations added at week-1 and week-4 in the modified B5 medium. Cultures were
incubated at modified B5 medium for total 8 weeks and tested for biomass, tanshinone and tanshinone production.

¥ Tan I: tanshinone I; Tan IIA: tanshinone I1A; Crypto: Cryptotanshinone.

* Mean = standard error (7 = 3). Means followed by the same letter(s) within each column are not significantly different at 5% level
according to Least Significant Difference Test.

3. FIZEIRRES BN FIRERM S BS BB A R 8 H NP - BB E PRI 751k (A)
0mM k& (B) 1.0 mM NH,NO; » DUSBIRIRA AN Skl < B B AL 22 4 5B AT (C) 1.0 mM 2 (D) 2.0 mM
Tk -

Fig. 3. Eight-week-old hairy root cultures of Salvia miltiorrhiza grown in BS basal medium with (C—D) or without (A—B)

amendment of NH,NO,. Time and concentration of amendment of ammonium sulfate: (A) 0 mM (NH,),SO,; (B) 1.0 mM
(NH,),SO, at week-1; (C) 1.0 mM (NH,),SO,; (D) 2.0 mM (NH,),SO, at week-4.

0.57 mg/L ; 552 4 BRI 1.0 mM &L
EARRA A R A SRR SR < S AR R
A RZEIH - (HE P2 & B A B R
B - sr AR AN SRS S R 133.4 15
113.5 £ 5 BIREEYIARIEH 1.0 mM Hifkiz s
BS Bl Es i ELZ S IRHARE: - SEBIRTEE 4 %

IR 1.0 mM TREGEEA B EiRAR 4 1 B
FH2EE BRI - BT DS 1.29 £5
farr ey 6.76 mg/g » HEE 1.69 % 0 J12
P 75 /3T Ry 64.70 mg/L > #2155 2.18 5 - KR
“FEBaRIN TRERSE SR 2.0 mM 0 BAR
MRAEE BEPRIN 1.0 mM FEREIAHES - 2R



HAEH - (HREFT2E0 & send - (Bh 8 38
FHEREEEATRIT 1.0 mM FREESE 2 EHIEAR R
1.47 5% -

T i

FI AR 22 VR ) — A bR
T B MR A RSN - IR S
“RARBEYER - BEEGPERE R
FER BT 2 AL T EEN AT - DHERE
B4 RN — XY & R R
AN—EEE > WA E S BT R AR A B AR T 0 L
FEE > WHE BB BRI BN B
B XG4 FEERE A EE T IR - FEBIEAR
R FTRCB R A B SO HMREE e
ZRIHE FERIRE Z FR o BT I SEREU SR
REZ LS RB A NI S HELBIRR T s B AR
A4 RSN - BAERIR A AT R E
BIVERANIEZ2E (Lin 2005; Chen et al. 2008;
Cui & Murthy 2010) ° Bensaddek et al. (2001) 1£
B BARMR RS 2 A A SR T B - iR R
15.80 mM % 39.5 mM » AR EWniEE &=
B BRI - (HAA RN AR 4B E Y
0 ABLEARWFSE ST 2 EARMRA S R RIS
o TR AP ISR B BRI BS Il T
BREELZ 247 mM 25 E 37.1 mM - HEIR
Hart 2 e REE RS > HERR4EER
HIPRAAGARBHEE - GHEFFZ2E 1 FH2E 1A
Je & P22 B =78 £ 2200 2 5 J1 2 ) Ry I H
B9 11 £% > 2.8 £%8L 1.8 £% - HAST2EAE &R
WAy 2.0 £% » HrpiEeE s rH 200 1 e
R RIS » FEARTFCHINER - BARAR
TEAEHRI R R AP A ER AR - [LERE
Lourenco et al. (2002) #EE148 B FHIEARMBAE R
BRI R AR g R R AR
30 = R R A R BARR A R AT AATE -
t4h - Bensaddek et al. (2001) fFEEAGTTFEARMRAY
Bs#2 DI Lourengo et al. (2002) F 48 B #iEiR
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RES B EEUR - Ao BRG]
AEARRAEE E098EN 5 FEARWFTEH A2 ER
ST ) N N T S v e = 2 e I N A
TGS mE BAMRAEE R - HEAEEE IR
SENRERFTLTE - MERSEE NS hEREE
ZPIZ2ERBHFIZ2IN S &R - SURIREE
S B P2 E0 25 - A& (0.5 mM)
CIRIBRSEAE P2 1~ FH2E A KBS FH20H
—REPH2R S R R FECEIEAE (1.0 mM Rl
#7) TIEEE 23.6 £% > 1.7 £%82 1.4 £% > HASH2EH
R IHRY 4.1 5 HAmiERs s inr 2
B T (e R i Ry B - LB B AT 1Y
P20 1 e ERR R EMIE - Hilton & Wilson
(1995) &I —LLgE Y EARR e fa B R
RIS 1 K+ SARBRIREIR PR - T2 E
ARAREYRT AW FE IR - SRRE A IRAEES 2 3
T HE R (Chen et al. 2008) » BERELREA
TS AR S 2R A S i b (R
AR HEHE R R TR SR mT ¥
HEYIIREABEENIRRKZ — « AR A
RAKE - SR EIRR AR RS2 2
MAMHEZPE (M EiEnEmEi itz 4
B o (HAFF 20 258) - KRR EL R
EEM2ERRER RS20 E R R ER
JEHAE (0-1.0 mM WilgEs) CAERERERTIMLATRE
E 5 HNEERRRE AR B SRR AR R G EA
RRAEA » TR EEGE T 2 B A RE L
&I -

EARM e R BRB R B A BB A
JR-REREE - nJBHE BB EE & - (BF
FI2HAAZ2AE AR, - P —B S REAE
BB E TR R S B NS RE A A B B
Hrp o #EHIEARMR 2 £ A g2 - Ha0
G FHZ2ER 28 - R B 2 153
TRl o PR btz RE - ARG TRl A2
EARMRAE R AR 4 3% » DIEBERRRINAEY /720
AR SE » PEATTE A e Hh B JUT R HRE R R I



108 HE R SE T

R o AR RSB E R T -
FERBUR - MER I B SRR IR IR 4 B o
FI2EIRARARERN 2 8 RN RN &M
Wik < PIBEIMREBRENERE - HHAER
ATHEE R PR R R R AR s 1.0 mM i
We#h < BS SEEERLEIGM o RHAEI2HE &
KRR - DUBRHAR TG 2l e ik i
R BRI B A RS BN AN S IR 84 DL B EE Y
VIEEIRE Ry 1.0 mM IRz < SR - BRI
SR IR D SR A I R s B T - A
{HREM IR BR L B IRR A RATERES - I H
REUGEF T B BARMRETF AN S iR S E A
P2 ZREAVTRES - RAGKE ST EHE =T 20
MEER - SE— W 5e RS BB R IR R B4
AR ] B i E R R A s 3

DU R 3 5 A AR ) — AR A
FALAAE BER iy AR B 2 T R KR B
BRI AN BE B DU RS AR e
XIS BEERAE - CEEREEE
e KBS BT RS R A2
Rf > A AR DL R A IR R AR
AT AR © AWIFEAES I B BIRREES T2
RS SR - IR IR SR ) 22
BIMRAE R 2R E RGBS - Hoh
SRR S IR A A i e T 2
BEARRIZZE - R E R B R
TN - PR N S B B AR T 8
LIik > BRAEE S B2 BRI - AAE
SRR 2R R - B NS a] DUE
TR AU S 2 A4 A ) — R YIRS 2R
e 2% -

AWFFERCE by B A VIR i B R G T Al
FRft - S EHRTE 96-2317-B-055-008 ~ 97-2317-
B-055-009 FF L EGH -
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Effect of Nitrogen Source on Biomass and Tanshinone Production

of Salvia miltiorrhiza in Hairy Root Culture'

Hsiao-Sung Chan’, Tzu-Ting Lo’, Uei-Chern Chen’, Chi-Ni Hsia™, and

Hsin-Sheng Tsay’

Abstract

Chan, H. S., T. T. Lo, U. C. Chen, C. N. Hsia, and H. S. Tsay. 2012. Effect of nitrogen source on biomass and
tanshinone production of Salvia miltiorrhiza in hairy root culture. J. Taiwan Agric. Res. 61:100—111.

There is a new tendency to produce secondary metabolites of plants in tissue culture, using fast
growing hairy roots. The objective of this study was to investigate effect of potassium nitrate (KNO;)
and ammonium sulfate [(NH,),SO,] in the culture medium on growth of hairy roots of Salvia miltior-
rhiza Bunge and production of tanshinone. Roots of S. miltiorrhiza were grown in a modified B5 me-
dium at 70 rpm on a shaker under darkness for eight weeks and data were collected. Results showed
that growth of hairy roots varied with concentrations of KNO; in the medium and the optimum concen-
tration of KNO; was 12.4 mM, which resulted in maximum production of root biomass (8.90 g dw/L).
However, the highest tanshinone content was obtained in the culture containing 37.1 mM KNO;, repre-
senting a 2-fold increase in tanshinone production, compared to the control concentration of 24.7 mM
KNO; in the BS medium. When hairy roots were cultured in the B5 basal medium containing different
concentrations of (NH,),SO, from 0 to 2.5 mM, the maximum production of root biomass (10.25 g dw/L)
was the B5S medium without (NH,),SO,. Although growth of hairy roots was inhibited by (NH,),SO,
at all the concentrations (0.5—-2.5 mM) tested, an increase in tanshinone contents was observed in the
treatment of (NH,),SO, at lower concentration of 0.5 mM. The tanshinone production in the treat-
ment of 0.5 mM (NH,),SO, was 4.1-fold higher than the treatment of 1.0 mM (NH,),SO, representing
the control concentration of (NH,),SO, in the B5 medium. Since root growth was found inhibited by
(NH,),SO, in the BS medium, in subsequent experiment hairy roots were grown in the BS medium
without (NH,),SO, for 4 weeks before adding 1.0 mM or 2.0 mM (NH,),SO, for another 4 weeks cul-
turing. This two-stage model [weeks 1—4 without (NH,),SO, and weeks 5—8 with 1.0 mM (NH,),SO,]
increased root biomass of S. miltiorrhiza by 1.3 fold and tanshinone production by 2.2 fold, compared
to the control treatment of 1.0 mM (NH,),SO, in the B5S medium for the entire culturing period of 8§
weeks. In conclusion, biomass and tanshinone production in hairy root culture of S. miltiorrhiza were
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affected significantly by nitrogen sources in the BS medium. Increasing concentration of KNO;, re-
ducing concentration of (NH,),SO, in the B5S medium or using the two-stage model of application of
(NH,),SO, is useful in enhancing biomass as well as tanshinone production in hairy root culture of
Salvia miltiorrhiza.

Key words: Salvia miltiorrhiza, Hairy root, Tanshinone, Nitrogen sources, Two-stage feeding model.
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