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# E:BH HRBE.REMBEENAS Savia miltiorrhiza REREKREARBRAFISE 1. ARILEE
BEHMEW. HiE AAYHEEFEEARES HPLC AW FR B X EEFREREREMRE R EMNBHITRRE ., B
REMASZAZREKAASHILBIILABEENER. %8 BE. AR BEXTAEHRERRLTN. UK
ERBRIE, RN 30 g/L FEXE, B 20, AERMBEEHE T 60 g/L BERESASE L. 48 KA REHE
BFHFRILFESGR. MEKEMEEZEER 54, A EMEHEBRENBEN 2.3, AW 1. BREN 2.4 5. 45
FRE NH, " # NO,” 2 E#H 60 mmol /L, NH,"/NO;" R 1: 4.1+ 4.1 1 A BHBRKH A BBREE.
FEE L HRJLZBENE., QBEFRE KHPO, IRE, 121 & R A K3y o3t B4 I8 55 R E KHPO, M
WTHASEI. AR, it FALRAETASTEREFEFNBEERENBIRE LR LAMBEERE &
HARBRE . ARRABENASAERERAMRERBYEREEEEW.
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Tissue culture of Salvia miltiorrhiza adventitious roots (1)
Effects of carbon, nitrogen, and phosphate sources on culture
of Salvia miltiorrhiza adventitious roots
GUO Xiao-hong, GAO Wen-yuan, LI Ke-feng
(College of Pharmaceuticals and Biotechnology, Tianjin University, Tianjin 300072, China)

Abstract: Objective To study the effects of carbon, nitrogen, and phosphate sources on the growth
of Salvia miltiorrhiza adventitious roots and the contents of tanshinone I 4 and protocatechuic aldehyde.
Methods The adventitious roots were obtained through tissue culture by manipulation of carbon, nitro-
gen, and phosphate sources and the contents of tanshinone I , and protocatechuic aldehyde were deter-
mined by HPLC. Results Carbon, nitrogen, and phosphate sources were necessary for the culture of S.
miltiorrhiza adventitious roots. The highest times of root multiplication were achieved at sucrose level of
30 g/L after 20 d culture, 60 g/L sucrose and low level sucrose were favorable for biosyntheses of tanshi-
none I 4 and protocatechuic aldehyde, respectively. The highest root yield and tanshinone I 5 content on
day 25 were obtained by intermittent sugar adding during cultivation, and the production of adventitious
roots and tanshinone I , were 2. 3- and 2. 4-fold compared with those of control, respectively. The maxi-
mum root growth rate, contents of tanshinone I 4 and protocatechuic aldehyde were achieved while NH,*-
NO; was 1:4,1:4,and 1: 1, respectively when concentration of total nitrogen source was kept at 60
mmol/L. To compare with the control group, changing of KH,PO, concentration could favor for the ad-
ventilious root growth, but high KH,PO, concentration inhibited tanshinone I 4 biosynthesis. Conclusion
The results show that various carbon, nitrogen, and phosphate sources have the significant effects on ad-
ventitious root culture of S. miltiorrhiza. The best carbon source and its concentration, nitrogen and phos-

phate sources for the growth of S. miltiorrhiza adventitious root and the synthesis of secondary metabolite
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F+% Salvia miltiorrhiza Bunge B FIBZ A
2, FESRBEE_ERLSYHKBEEBRREL
AU, REIT L ERRVEE P HHSEER
BRRTFISHHAREFHR, XS H MM ER
BEFRKRERBEYHHRE —LRE,BR
RFAERBERMABRRAE B YR HRE LB
P AR FEHRTHE. RBEAREN 2R
ERERKEKRERBT=YEBRBER.
1 HH5FE
1.1 A8 A7ER I IBA 2 mg/L #1KT 0.2 mg/L
MEA MS BEEFREPHRABROFASEAER.
1.2 BEXMISREREFRAEW
1.2.1 BREMENFSAERFHROE W HER
ZRNFSARERA 1 g #AF 250 mL =AM+
B3 20d, ZAMASE 50 mL 2 mg/L IBA # 0.2
mg/L KT i) MS 5552, B/ E 4 RF N 3%k
BRI YRS L S HEE 1. 5% B,
L5% R+ 1.5 MR . 1.5 BB+ 1.5 % Ak,
3 pH K ERTAED) 6. 0,3 K% % 110 r/min,
B 3~4 .
1.2.2 BEERBREXNASAERIBEHRNEHE K
EREROFASEAERA 1 g T 250 mL W&
50 mL 2 mg/L IBA 1 0. 2 mg/L KT f MS 5%
W= AR, B SR B RN R BB YR BE Y R (20,
30.50.60.80 g/L). R Sd WMERER=BMA
BOR AR B3k 30 d. $E5R 5 pH {HF4E K% & F
.80 3~4 M.
1.2.3 FEEEMXYASAERERNERE KIS
AEWRY 1 g HRHP 250 mL =P, FHNAES
6.11.16 XE=/AMPmA 30.30.60 g/L ¥, %
25 RWRAEW & pH BN KERR L. 8
ANKREHE 3~4 MR,
1.3 ABEXNASAEREFRNEH ISR ERE
M3 250 mL ZAMPHAEF 204, ZARAE
A 50 mL ¥ 2 mg/L IBA f1 0.2 mg/L KT,3%
TENE B9 MS 3555 %, [F Bt I (NH,),SO, L8 JH MS
BHREPH NHNO,, EH# R EAE 60 mmol/L R
BFMHT %% NH,*/NO, M8, EFEE pHE
HBREER L, S MEHE 3~4 .
1.4 BHEXNFSRAEREFNERN. IS RERE

3 250 mL ZAMPEREF 204, ZARAE
# 50 mL b0 2 mg/L IBA #i 0.2 mg/L KT,3%
BRI MS $ 585, H o KHPO, ¥ E 2 H 8 EA
MS BEFERR 1/4.1/2.1.2.4 £, 355 % pH 2
KRERE L, 8 MEE 3~4 .

1.5 AR REBHEE T WERAERE, 7
FIRBMBHEAERE TR, IHTF 105 CEBTFH 30

min, RETF 60 CHEMT 7~8 h ZEH, FBA

ERTHRE FTEHMKREBEHKE=~EKE—
BEMB)/EMHER].EMBNRERE I EHFRE
MERROSBUNEISE I B KERHVIER
BRoBEmERILEABNE. MEMNSHBYIRA
HPLC %, 2 BOCER#AF WD, ik R 4 510 6
BE-7K (8 + 2)FI B BE-0. 5% HAc (15 : 85) #AT& M
L. ERME 1 mL/min, S8 1. fIREJLER
RO X} B8 pl b B 2 R DR S R BT R

2 #R

2.1 BREXFASAERFRMOE R

2.1.1 BEMEMNASAERERNEH . L1LLE
ARBEN TSR ERERKERARRSY TS
T, FFJLRBE R IR . 3% AR N BRI B B B 4 A
FREAERMEE, .S HEBE+1.5% BB AR
B BAERENFSE LA, ML 3% R NRIE
ML.RIILABRERER .SAFBEFREMAERE
K, AR BRI .

2.1.2 EEEEBAENASAERERNE M.
(DOEBRBRENASAEREKNEW: RFE
BREEREMNASAERERKNEWALE 1. 7T
EHBEEE AR M T RERE M, 5% 20 X
BB BKERENIFHT . KL 30 g/L
ERETHERYKEER, X3 5.07F,20d 5HF
EEHEER AERTHRERETRE. BEd 20
g/LEf, HFHBEISIEAERSPIHERES, I
AT BB mER L. Y 60 g/L pIEFHE S
SREREKFE/NTF 30,50 g/L. F6t0]LEF
Bl 80 g/L oy, THREMMBESE. 20d5H
FEEARENHEL TRETRFART48F . Hilk
FERERBFRLIBM 30 g/L B, K 20d F
WREBIBRAKN THRE. OEBRERENTS
Bl L, MELEBSRMEN: B 2 hARERK
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BERENFISAERPTSE 1 MREILFES B
MER. BERERENEEEATASE LN
G MTERE R 20,30 g/L B, A SE 1 4 BEEF
JS TR, 7E 20 d LK 5. 14 F1 6. 38 pg/g, RiG R &

EABIBRE, B8 12. 73 T 24. 40 pg/g s FEHER
50 g/L B, F3S MW I A B EFHETH,20d X3
&8 R ) Vi b 7+ BB oK {E 5 REME Y 60 g/L B,
S0 1A FRSE 20 KABIBKRME (42. 33 pg/g).

1 FARENASAEREFHER

Table 1 Effects of various carbon sources on culture of S. miltiorrhiza adventitious roots

# W # R /g TR/ mg FRRMEE/M  om Y LR/

pg g (pgog™

3V RER 5.5140.07 345.33+ 8.96 5.0740.13 6. 84 123. 59
3INHEE 2.67+0. 27 179.93+ 7.50 2.33+0.18 5.01 88. 62
INEE 1.4340.10 114. 20+ 0.14 0. 9640. 04 3.51 205. 79
1.5% MAH+1. 5% RHk 1.8740.18 125.97+12. 32 1.1940.11 5.19 106. 27
1.5% MR+ 1. 5% pErE 2.74+0.19 176. 30+ 7.31 1. 9840.07 17.15 130. 37
1.5 BB+ 1. 5% R 2.4340.27 168. 70+ 15. 70 1.8540. 36 4. 69 130. 03

WK E/ME

t/d
H1 ERRARREXASAEREKNER

Fig.1 Effects of sucrose concentrations on growth

of S. miltiorrhiza adventitious root
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Fig.2 Effects of sucrose concentrations on secondary

metabolite biosynthesis of S. miltiorrhiza

R RREXFILRBHBRHERBE
FRE M, {EL B B SR U R B B ¥R B M) TR B R T L
FBAR. BREEFER 30 g/L S, FILKEESE 5 X
BERRE, XS EFBCRENEEEERE
FEA X, BB RILFBR RS T M, R)E T
R Egt. FEEE 20 g/L MEMER, FULKBME

BT A AL FR ) B ORE 265. 86 pg/g. MEN 30 g/
L FEMeT, RILRBHEATRAS AR EF, 15
VPR ZREA,

2.1.3 FRBNNASAEREROEN : AXE
AALEREREEEAENTAEREAK MBKEE
WEREGOg/LEMTASE I BHR. HTH#
— S UEBERFZG  BREAEREYEMTSE 14
MR, ASSHRAEBERM, BESE 6.11 X451
BEEPMA 30 g/L BHURBAEREYE,F
16 KiMA 60g/L RLUREASE I WE. HE
SAITAE W, REMAERERN 6 d 87, HAASEREY
BILPHAELBEEREENRN BMAREREY R
HEETXEH,SP 25 REBBRKE HHESHERN
8. 44, BXT AN 2.3F. ETASEW 1.(E O, %
BMAMNE 6 XBIFE 26 REHMMAHE, B 16.58
pg/g WHNE 26.92 pg/g, MEBMAFSEH I HE
B, % 6 X#Y 15. 38 pg/g MBI 25 X
B 55. 92 pg/g, EXTEBHM 2. 4 15 X F B 6] 8K
AEREPHRMEREN TREAEREAYDENSTS
BT, MERERW.

K/

t/d
H3 ERENMNASAEREKNER
Fig. 3 Effects of sucrose adding on growth

of S. miltiorrhiza adventitious roots
2.2 RAEMASAEREKNEW:REK 2. HE
NH4+/N037 %{Ei%ﬂl] ’ %%%pH{EKMF&ﬁ ’
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NO,™ A — & BB pH 2 5. 94,NH,* XM — R IE
B pH % 3. 54, NH,*/NO; "/ 0 i % 1 : 4,745
R S 1 00 B A O I B R E s gk SR R NHL T/
NO,” thfl , RN E R F R T FE, H 2 ANH, "
MARERILBEIREK, BT EERAEAH

=~ 60

[ P 3

%0 —— WA =

24 b —wma

i /

=20 ,4__.//’—4

&

8o
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t/d

4 BERENXMASEI, RYEHE

Fig. 4 Effects of sucrose adding on tanshinone

VERMEHEHERTH, KA NH*/NO,~
HASAERFARL, FASMI. NERE B5F
R AHURAL, AN 1 ARASE I, NER
B o NH,"/NO," K 1: 1 B RJLFEBRNERR, KK
R1:4, HEAIHENH/NO; " H1: 4 BHRHE
BT,

2.3 BEXMASAERERNEMN R 3 BRRERK
HEEE KHPO, K EHRERGASAERERKHE
R, EBWREBRENH T S8 1. 58,34 KH,PO,
WHERBEREFEN 2 FH, AWM. HE N
H 0. 24 55, KH,PO, ¥& & K 5 A4 B 58 5 19 — 2 6t
FEWI, BN 157/, MBENEILERS
BREEBERE W, SMHEETHEETHAK.

Table 2 Effects of nitrogen sources on culture of S. miltiorrhiza adventitious roots

I , content in S. miltiorrhiza

3 it

®2 ARNASTEMREFRNEM

E i / FEEW A/ FIL%ng/
Ny B/ TR/ prfy T PULEEE Fns R
0:0 4.63+0.22 230.5049. 56 5. 94 2.83+£0.50 11.81 81.49
1:4 4.25%0.13 345.41+5.78 5. 82 4.88+0. 35 35.24 201.09
132 3.86+0.08 305.77+4. 01 5. 60 4.1940. 31 11. 20 59. 42
1:1 2.63+0. 14 218.53%7. 86 5. 35 2.54+0. 29 10. 75 286. 74
21 3.904+0.15 290.25+7.05 5.22 3.86%0.42 20. 76 125. 58
4:1 3.9240.16 287.4618.78 4.97 3.79+0.12 4.42 69. 85
£ H NH,* 1.4840.15 109.10£5. 33 3. 54 0.81+0.16 31.96 49. 07
F3 BEXNASTEREFHRME
Table 3 Effects of phosphate sources on culture of S. miltiorrhiza adventitious roots
KH;PO,/f BETR /g TR /mg L I U i SRR/
(pg + g™ (ug < g™
1/4 13.10+£0.19 706. 00+16. 75 5.41+0. 51 12.29 62.99
1/2 13.0940. 53 637.15428. 33 5.18+0.49 16. 92 71.01
1 10. 07 10. 41 549. 25+ 18. 60 3.16+0.19 10. 77 77.50
2 12.72+0. 14 690.15420. 33 5.574+0.12 2. 62 72. 62
4 11.10+0. 17 614.45+ 4.60 4.0540.25 5.11 75.77

3.1 BRWR . AFAEYEE SR B P BT R AR IR RN R
YRR, — MR U R A B R H P L
BERRTH. BREERETR THEAREMER
Sh, B RAERERE - EBBEENER A LR
RERABMEERE S REF AR R ERN >
B, (R W R 45 6 TERE sl LR R 15 O o — B IR 2
REEASE I ARILERNE. S8F5EEH
BA R B AR A AR M B B, B R REORE O B
. BEERREERNASAERERZR TH
LTRSS RN RNERERBEEAX, X5=
LHREFEGR B, MR REREHERS
ATHRERENASEILEAESREBEERES T
FTHREE 1 &8, ETRILKE, 18R B R E A
THRA B REWILEA fF#E—PHT R T#—F

3 B IR BOR , SR BRI T S RN  BU B B R ST S
AEMRBERMERERERERERAEAEREY
B AGENEREREFBERERGASHEIANE,
HBREAWFTERTTH. XAPHBEERASF
ERBEE T —ER KRR,

3.2 AR BFEHFEPHHEEMETSEAXNASAE
BRAEKMKRERBYSREBE —EOMEMH. U
NO,;~ KM — RIEB, A EREKRRIER, BRKE
RO E B 52 B4, 5E 253 o NHL* 3 NH,*/
NO, 4 1: 4, SR EREEGHE M, EFRK
B, MAEXRERBYH RN B M. 4K
NH,*/NO,™ e, R EREBEBEHT B, 28N
NH, "B RERILEEFEERK, BT, KRER
AP NHY B KR, SR E R, SIS 1
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s AT A T AR A K RNR AR B TR NO; ™
AT LA ) 4 A 1R 9T 8 MR, T BR INHL T X 40 i Y
FEEAY. AENRERBY S B EZRARAR
MEMARNEREKEWA R, 2R AR LH K
NH,"/NO;" Bf fF 2 A E MBI BKL, FFSH 1. 1Y
BERE EFEFAUKL, LEHHR 1/4 N FISE
I, MEES. NH,7/NO," K 1 : 1 Bf R JLIFKEER
BESE,HXKE1: 4, B NH,/NO;7 1 4 5
FHRBY -

3.3 B -BiRAPALEFEENEREE.
REEANSEENHETAREKRNERRTES—.
Amino A MS #5355 98 (1. 25 mmol /L)
T RKEEERA KD, Katsuhiro SR E #1357
EPBEEEKFLEMABRERMOFTTE, BEILR
A 40 i LT 45 1k AR B U Uk B I A R 40 M A K IR
BEREHZW, BIMABERKES 4 5.8 15, 41
B BB AEKmEZHY . ALRGRE
HMAR B BEFEEREYRBRESEREK. BHE
MHERAERBOHED SR BEEFTEENER, A
FEDHRAERSESRTERREAR. 2R E
WEFTSEMBEMS T ASE L. G586
i Tt B A BN R AR A IR VLR A MR,
W—E BB PR R R SRt
B 1, FRBERPLFLR, FEILFKEAR KSR

PL 6 Z B IR vk B AR A K
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AE~HMMEH S ITS F IR

REE, BHA°

(. J"RHEBPHER,) R M

5102405 2. Pl RFEGHFEERE. KR M

510275

B E.HW TREAREHMAESKHITS FEREZRE. ANZAFBREME SEMERN DNA 5 FEMEE
BHRAMHHNEERFHRERFRAFHEN., HE AR AARRES BN E S PEBE DNA, LIBERYA ITS &
ARSI #HTY Y, VY2445, A PCR =Y HBNFEATHNAF. §F &H % rDNAKITS &
5.8S rDNA 5242 F%,18S #1 265 rDNA 4> 51, £ 24 648 bp, H o ITS1 K BN 195 bp, 5. 8S K B4 164 bp,

ITS2 KEH 189 bp, FHIEFA 17 MERON . &ig

MEEEARITHHE.
KGR MTH DB HHEITS F7
FRESHES . R282.7 Xk ARIZED A

ITS Fr 31 al X o] B 55 00 S 1 Al 1) 2 50, 0 B9 A B R A

XEHES 0253~ 2670(2007)06 — 0911 ~ 04

Analysis of rDNA ITS sequences in root tuber of Polygonum multiflorum

from various habitats
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