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Abstract  The effects of different physical and chemical factors on hairy root growth and flavenoids production were studied in
suspension culture of Saussurca medusa hairy root in 1/2 M8 medium. The results showed that the following culture conditions,
nilregen concentratiaon{ involved NH; and NO; ), 30mmol/L; the ratio of ammonium to nitrate,5: 25 ; the combination of 2% su-
crose and 3% glucose; 0.5mg/L GA;; 0.5mg/L. IBA; initial pH 5.8; light cycle, 18h/d(35000x) ; temperature, 24°C ; shaker
revolutions per minute, 1001/ min, were favourable to hairv root growth and flavonoids production . Under the above culture eondi-
tions, up to 12.8g/LIDW} of hairy root and 1922mg/L of flavenoids were obtained after 21 days of culture . The content of total

flavonoids in hairy root was 15% , which was about 25 times as that in the wild plantlet.
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ks .
KETESTERATHERS, . AHE &
YW ERELHARES. HRFEKSEER
HZHRRARFHANYEUEESHE N TRINE
BrERg, nSEE AL S HEF R E . MHERE
BREAEFKESHETHEREY R, E—F2
FEaEMEE, ERBREREZEEASABEEEERR
HORERMYESRENENRS, MEEFGEN
BE M TERABEYWIFRMAA S, B M %
R # ( Agrobacterium rhizogenes ) 1= 4 /K £+ F 3£ 5b
MR BRE, T EREHTEERER 2SS
HHARETHRELBNERERZ .
EuERBEARERRERBEHERPERER
Z MAFFEZHEGERER BRERE IR
BE ABURRAESEMHEAET. A XEEE
K EEEREEEERRZRMEM L, HE—F
HREFAFRBAFNFHEERAMSERHEY & L
IR, LIRS B R R, WK R EBRR
B R B B A R ol Ak R B B
1 MR
1.1 TRHBBEREFES
KEEEERBREARFA LR EHRRRITE
RI601 R KB EELEEH R ETRHRE S .
ERBAEFFEF 12MS BRI R B HEALTEF
FEIEN 0.8mg/L GA, 30g/L EEHE . & E K& ai F
1mol/L NaOH & pH £ 5.8 ~ 6.0, # 13 £EKIEHE
K4 Sem (W ERBRREAESR 30ul 1/2MS EF
EH100ml AP, 23 20 REFRBEIBENE
R FER . 20h FEAXRB (AR 800Ix), iR E
N 240 £ 1C, 3K E 1000/ min, & 184 £ 11K
FEEAT TN LA FRF BT, R4S R B R B I &
WHERGESEFREF A -8, WENEE
KR TEDW)HMBHEMEE, BRI 3 M TITHE#
ot EE 3.
1.2 A&
1.21 KEEEERBEKAMLEEEYSHE
Eihsk ARSI HUE I 18d K Sem WK B HE
ERBRE, FHREMN DA ERERLHTHT
B BRMEBEE MEERBTELLABES
&2, W5 27d.
1.2.2 BEEMKSEEERBERMEAREY
ERMEW ATEREDPHSAEE 5N
7.5mmol/L , 15mmol/ L., 30mmol/ L. 45mmol/ L F160mmol/L

(FeREAEFH I P NH, /N0, B FBH ). 21d B
MEERBTEASABEEE.
BHEEFEPEEEE R 30 mmol/L, HH
NH; /NO; H.f 42 %20 0:30.5:25.10:20.15:15.20:
10.25:5 f1 30:0. 2ld WA EETRBTEMNCHE
SE.
1.2.3 BREMKEBEEERBEKNOHATEY
A R T - 4 B R P P AR g W R B ARk
BAESHEEDIHNAI% 5% FT% . 21d B E
ERBTEMLEAFESE-
RREEEFETOREE N S% HaERETE
WL W _FHH S A 0:5.1:4,2:3.3:2.4:1
M0, 2T MEERBTFENLRERTE.
1.24 HENAKBEEERBERKANSHAGLEY
BREEE R IR T M GA, AW
5381% 0 mg/L.0.25 mg/L.0.5 mg/L..0.75 mg/L.1.0
mg/L.1.25 mg/L I 1.5mg/L. 21d B M E £ RBF
F10.5 mg/L GA; 47515 NAA .IBA.IAA FIBA 4
G HEGRNUMAYEERE S5 A 0 mg/L.0.25
mg/L.0.5 mg/L..0.75 mg/L # 1.0 mg/L. 21d i #0 &
ERBTEHLEEETE.
1.2.5 pHX K#HFHEERBERKRMOEWEY &
BB B2 - P 38 K Y 1mol/L NaOH F 1mol/L HCI
T RAREFEAYHE pH, (FH 258 5.0.5.4,
5.8.6.2.6.6 M7.0. 21d WM EFERBTEMEE
LTI
1.2.6 ABSAKHEEERBRERMORTAE
W14 BB W . 7E 35001 F 98 T, % A} Oh/d.6h/d,
12h/d . 18h/d H1 24h/d X BB {AFHEFT 3% . 21d il
EERBTEMLEREE,
1.2.7 HEMKGEEERRERKANDEREA Y
& BB 43 BIEE 209C \24C 28C R2CHEUYET #
. 2 dE ERBTEMNRHARSE.
1.2.8 BEREEMNKSFEERBERKNEL RSN
YA L SE R - I YR KR 3 53 51 4 50r/min 100
r/min. 150 r/min 1 200 r/min, 21d B 8 ERE T
BEfMLSARESE,
1.2.9 EFEEFFHASGMKGSEERBLERRMD
SEFAEYSEMERE. FHEARSKE(QE
NH; HI NO; )% 30mmol/L; NH, /NO; H.#I[4 5:25;
2% BESEF 3% ® B ;0. 5mg/L GA; 1 0.5mg/L IBA;
pH 5.8;18h/d (¥ 9% B (JE 78 % 35001x) 5 24°C 5 #E K
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X 1000/min M RMEF 220G, BEEREFE
HEEBSHE.
1.3 AESF
WEFK2dMKEEEERE, ZEE Kbk
T ERRT FEREHR(FV), BT S0CHBATD
uUh FRTE. REEIENMERA AR,
BETHSERATHRE. P THRESKESHEL
B HLHE: c=0.080894 - 0.0005324(HH,c &
RSB, B mg/ml; A NIRRT ),
KRB r=0.9991, 1 F H K 510nm, (£ 3525 : Beck-
man Coulter A DU 640 1] K- %€ 9k 43 636 1.

2 ZR 5%

21 KBEEERBEKPEBENEY SN
A

ERAEFENHT KEBEEERBELHE
BEFES"R(Fg. ). @A AERERS,H
REAFEHAMBEEY . $21 KNEIEKE
e EKEH 7.4g/L(DW). 21d UG #E A £ K15
ML, TEEEAKN. EHEFEH O~ 21d 5, M
EERBVERKBEHHEN, D RM>-BHREERS B
21d A ik Bl K (L R 633mg/L,21d JE B HER =8 T
HTRE ZREAKSSEERBEKNSENAE
e BRI RRMR RS,

9.0 71830
Drv wit

Bor L.l Flavonoids 1730

7o 1650 _
Z60 3
£ 550 2
ER =
5 145072
Z40 2
Fa 350 >
=30 =

20+ 1230
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et
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Culture time d
1 ABIZERBERAETREYE KA EHRE
Fig.1 Time-course of the hairy oot growth and

flavonoids production of Saussurea medusa Maxim

22 AENKEBESEERRERKNZENEDS
L0 % T

BB (NH; /NOy 29 1/2.15) 3 B AR T
ENKASAEELEY SN ERILEHE
(Fig-2A). #HIE BYWRE N 30mmol/L I, TR E K
BEMSAEMESHNEYEBARL F5 K 7.3 gL
(DW) 1 617 mg/L. [R 62 F I8 528 5 25 30mmol/L

i, FE AR NHY /NO; HBl T, KEBEEBRIBER
HEEMAEENBEWME —FEX5 (Fig.2B).
NH; /NO, L@ 5:25 B, BRMR 4 KB 2 R
G R PR B R, 517 8.0g/L(DW ) Fil 821mg/L.
HERNO VB REFN, B S RERVRITF BB A
HIRG. AERIEVHEREME (S NH A
NO, )&l 6 Mo B, M A E (NS VFER K
(B4 NIy MINO, )P ERKT S0 EAFTE
RRERMEHEBWFEER, X —HRE Aropa bella-
donna"* |, Centaurea calcitrapa:r \ Datura candida x D .
aurea * . Artemisia annua® 1 Psoralea species"m" E AR
R E R LR EREYaREL. ERTRER
(B NH, FINO, VA—FMEERNRKETR.ES
HYLERKAREBRENGSEFAR. MEA
(N AR EEAMMEAR SR A TMESE.
REEH , FRAEAR /R, B R kA, A TR R
WA E . HA I EEF Q2 F)ERAK
EREERRERFAKBAZEF (LA TEERRN
KERBPORE" . MABRIEOPESES
50% X SRIAWGERA -, Al 2B T AEIAE
HEr 4 AR ES 1/72MS i BB MR H .

Sor O Dy wt A ]800
80 | B Flavonoids
1700
= 10 = [F] M ™ -
z._,“‘ 00 i- - 1 600 ?4,
5 50t z
s {50 3
40} 2
S 30+ {400 3
w0t -
1 300
1.0 ]
00 R P R P 230 I 30 I o 00
75 13 30 45 60
Nitrogen concentration {mmol1)
Q0 .
0O Dry wt B oo
R0 = A Flavonoids 1900
]
< Tof 1R M 180 ~
ool : 1700 3
2L IE i 600 3
R S i =
2 A 1500 2
z 10t a0 2
30t {300
20r H 1200
o gt IR R I o P 2% A R R o 100
0:30 5:25 10:20 15135 20010 255 300

Ratio of ammonium-nitrate {immol L )-(mmol L))

M2 EEEECOH NH NO, HFE(R)T
KEEEERBEKNLEE S Y& R 20
Fig.2 Effect of nitrogen concentration{A) and NH, /N0, {B)
on hairy root growth and flavonoids production

in the eultures of Saussurea medusa Maxim
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2.3 BEXNASSHEERREKNBAFNEDS
394: 0k A0

1 FE T o 0 % 0 0 BB R L 509/ W 0 MR
NERG,  ERBTEMLSEE G RE )5 XH
7.6¢/L(DW) FI 773mg/L;70g/L FE#E A 25 B X £ R
BAEKMAENSREAH (Fig.3), B mERE
WERBEKMOERAWARAMMER, XS
EHERBAEREEBEERMGED SR RAH
B, BIERAERHGBERREER, 20g/L FEH
Fl30g/L WA EEeH A0, BRBERKBILET 7.68/L
(DW), B % B4 R E 5 850me/L, b = # 55 fix
BERCEET, XSS EERGAL" AR K
SAEELSENIMHERBAEKALRAREN, A
PSR AT, BAREAE KSR, BT (K

BAREL).
80 O Dry wi 1950
251 7B Flavonoids o
ol i
= i 750 2
Zes|E =
-gb 60 1 650 _5
2 ] 50 B
— b
50 1 : =
: B 1 450
45 1k : :
4.0 5N » RENEAENENSEE 350
o R R i 4 [ e R e T = T = R I =
P T e O R Y R L ot B )
ICICER-R I I e IR B -
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M3 BEMKGEEHEERBPERKT
BEEE S BN

Fig.3 Effect of carbon sources on hairy root growth and flavonoids
production in the cultures of Seussurea medusa Maxim

30: Glucose 30g/L; G30: Glucese 50g/L; G70: Glucose 70g/1;530: Su-
crose 30g/L; $50: Sucrose S0g/L: S70: Sucrose 70g/L; S0G50: Sucrose
Og/l. + Glucose 50g/L: S10G40: SucroselUg/L + Glucose 40g/1;
$20630: Sucrose 20g/1. + Clucose30/Ls $30620: Sucrose 30g/L +
Glucose20g/1.; S40G10: Sucrose 40g/L + Glucose 10g/L; 550G0: Su-
crose 50g/1, + Glucose Og/L.

2.4 BEFNASESEERREKNZERNED S
[a4:08 A
HYMERMMMALIE R P XBE T, A
AR e K, EEMARRKERBE IS
Y. GA, KBTS B AREWRK & EH R
(R fER,GA, HER 0.5mg/L B, BERBEKEEK
9. 1g/L(DW), REABEHFEMFTH 1.2/ 8%
MRS ERT 936myL, ERAEFFMH T 1.5
(Fig.4A) . 0.5mg/L GA, 71 0.5mg/L 1BA H& X BAR

BAEKMERRONRERA, EKEH 12.6¢L
(DW), b B A B R E AN ERB T 70%; B EE SR
B 1287mg/L, L EAE R KA ERT 1 H(Fg.
4B), MM FABESERGHARERMEABFS K
Ma, LAE N 1mg/L NAA A1 0.2mg/L KT X8R &
xR FERBEERTRHEREE",
AGEHSATEEHETHEE B RER. AERKE
R M TR AR A E N, 25 IR BR A 0w

HARF
100r 112
A £ O Dryv wt 00
20 ¢ €l Flavonoids 11190
Rl |
RO F {1000
= 70t e {1900 =
= =11
2 sot 4800 E
S osol z
5 5 1700 =
ES F]
Z 4ot 1600 %
S 307 1500 2
20t 4400
1.0 1300
Sl B B BB B e
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13.0 l 1350
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41250
1.0 _
S109 1us0 g
., L3
S 511030 B
s H
z 80 : 3
= E{{os0 2
70 i
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0.00 1.00

Dry wt supplemented with 0.5mg 1. GAz:-NAA
Dy wt supplemented with 0.5mg L GA:~IBA

Dry w1 supplemented with 0.5mg L GAz~-lAA

Drv wt supplemented with 3.3mg L GA-BA
Flavonoids supplemented with O.5mg [ GA;~NAA
Flavonoids supplemented with 0.5mg L GA;~[BA
Flavonoids supplemented with 0.5mg L GA;-[AA
Flavonoids supplemented with 0.5mg L GA;-BA

CA, ME (A RBEPEE (BIX K FHHEERY
£ RAMSEREY SRR

Fig.4 FEffects of GA, concentration (A) and different

ERREEODBEOO

4

combination of plant hormone (B) on hairy mot growth
and flavondids production in the cultures of

Squssurea medusa Maxim

25 EFEpHENKBEEERBERKNLHE

WA BRI
KEBEHEERBERKESRBEY O RN RS

pH 4 5.8(Fig.5), B % & & B & ik ¥ 633mg/L, B
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pH7.0BFH 1.8 5, pH S OB AY 3.9 %, i & A
SRS pHBAEE K G EEEBRBELEFE R,
REFEBRBIEH ML

807 ODrywi 1850
[ Fiavonoids [T
7.0 4750
_ 6.0 F 650
T 50 E
2 {550
Z 40 E]
E {450
2 30 5
>
£ 20 13502
10 {250
00 150

30 54 58 6.2 6.6 7.0
Initial pH

BHs pHYKBEELZRB|ERASHENEYSRNER
Fig.5 Effect of pH on hairy root growth and flavonoids

production in the cultures of Saussurea medusa Maxim

.6 AN KBEEERNRERKNEERLEY
=goA:8p A0

HEXMFERSEFELER, TR KA
B IE T LK S # o SRR s SR R I = i
B, B3R N 35001 S P BE N 18h/d I, BARAR A
KEEE 12.4/L(DW) , 22 BB 2.1 /5. 22
SR L2 5 0 R/MESHE R 1179mg/L, 4R
B HEmE T 160% , bk &L BETHEE T 20% (Fig.6) -
LR AR A 12h/d ML L BE, BREEZERE
g6, ANEKSEEERBEFIE D, HEMH
PRk LB RY, S H BB IE R HTILK
SRR ERB SBHANEE RS LB
.

+er 0O Dry wit 71300
120b B Flavonoeids 71200
- 11100
< 100 1000
Z 80 {900 &
= =
B 180 2
= {700 £
o 40f g
4600 =
207 500
0.0 400

& I 12 I 18 I 24
Mumination time per day: h
e SCRBIXKESEERRERLM
HERMEY SR WE
Fig.6 FEffect of illuminition on hairv root growth and flavonoids

production in the cultures of Saussurea medusa Maxim

27 BEMNKBEEERREKNIENEYS
R:0 A

— MY HAEFHRELE 20 - 25C, K4E
R e R AR E N IKE R AR R R

R, KGEEERBEKREAMEY S AE
HBEN24C, N ERBARBREES S
ELEEI R A, 28k 7.3g/L(DW) F 619 mg/L{Fig.
7). BER BCHEBRBEKRLBTRES RIS
FERAME ., BEN RCHERBEKEN N
2.4gL(DW), S HE FHEN 135mg/L, &
MABEEBRIBARKMAEREYERAOMEHE

M ELIREME R
30r 1 %00
O Dry wt
70F E = 1 Flavonoids {800
60} 1700

w
(=]
T

W
(=3
T T

Dry weight/{g/1.)
ey
=

- o 2
22 8
Flavonoids/(my,

201 1300
Lor 1200
0.0 : : T ;BT
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M7 BEMKSEEEERMERKA
SEBEEYE AP ER

Fig.7 Effect of temperature on hairy root growth and flavonoids

production in the cultures of Saussurea meduse Maxim

2.8 HBAEENKGEZEERRERKANSEZNLE
W& B R
EREEFPHEYADYHY R AER. &
MEEAS MAGHEBRE, BEMEORS, B
A F U AEL B IREFRG R AR
WA RERREME . ¥EE 1000/min B, B 81 5
MK EHEERBEEAD, RRAHKERMAELR,
ERBEKBR LM RBENEIEX, 754
7.5g/L(DW ) #1 631mg/L(Fig.8}, ¥ H. 50 t/min if &
FTEI20%. BERAKRERS, BRHEEKER

O Dy wa 1700
680

B Flavonoids 1

{640
1620
1600
1580

7.6 L

!

~1

@
=3

avenonds/imy

g

Il

Dry weight/(g/l.)

o

1540
1520
500

5.6

50 100 150 200
Shake rate of flask:(r:min}

M3 BEEENKSEERRBFEM
BEAMEY S RAER
Fig.8 Effect of shaker revolutions rate on hairy root growth and

flavonoids production in the cultures of Soussurea medusa Maxim
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PEEAHBFBTRE, 200 /min HERBEKR
5 H B4 B 2% 100r/min B ) 90% , [F B W
B ERBAREEY HAERESRE, B RASH
b, X 5% %8R\ A5

2.9 EMBHERFEAXN ASEEELREKTN
PEHEEVE BRI

HERMREEFREFEL AR, KT
HEERBEKETAT 2.8yL(DW), REWEY
ARER 192mg/ L, BEAEHRFZHT OHB&E
W3R ERBTEPLEABESEERS 15%,. 4%
FAKSEEMEERSRN 25 K, RS TRE
B3 A FRAE S B BT IR #KFEEERRE
KM@Y AR.

EEMBALEF P NI /NO, H# BE AL
Bk EEEERBERTERTEY G HHNE
AR, SETAEKEM L KBEEERR
MY KT — 23R
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