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# E:Hi BRRE.AEMBEEX 2 Salvia miltiorrhiza AERERKBEEEBRBRASFEE 1 MBEILRE
BHEW. HE MAHAEHFEARS S HPLC S TR A RS ERFEA AR E B IFE M3 5K E, o
REMSASAEREKMASTH I FILZBERNEN. 88 REAFE . BEMNTAERERRLFN. DIE
WERHBRIE, B0 30 g/L M 1555 20 A, AE MR BT 60g/L BEREAASH 1. 4R EREIREERE
BHTFRILZBAR. MEEMEEEER 5 A AERHEERRX BN 2.3F5,.F2WM 1. BT HA 2.4 5. 5
FrE NH, " 1 NO,” S ¥ E R ¥ 60 mmol /L, NH,*/NO; "X 1: 4.1 4.1 : 1 A FBRBKAH A E R HEFBL.
P MBEILRBHE. QBERE KHPO, KEN AR ERERKY L BARS, HHKE KHPO, #
HTASEIL. AR, &% ALBHRETASAERBERERVEEREHLMKE AELANBRERERE, X
ARFRRE . AFEABRENSASAERERMRERBYEREBEEW.
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Tissue culture of Salvia miltiorrhiza adventitious roots (I )
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 , and protocatechuic aldehyde, respectively. The highest root yield and tanshinone 1 4 content on
day 25 were obtained by intermittent sugar adding during cultivation, and the production of adventitious
roots and tanshinone I 4 were 2. 3- and 2. 4-fold compared with those of control, respectively. The maxi-
mum root growth rate, contents of tanshinone I , 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 , 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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are confirmed.
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F+ % Salvia miltiorrhiza Bunge PAAR FIHZE A
2, FESRBE WX AU IKE BRI
Y. RBIF O EERNEEFH BN EER
ERETASHARERTR, XN ASHMER
BERRERBPFEYHHRE —LREY,EHE
XTFRERBEREMERKRERBF =B RELE
S ARTBFEPHRTHRE . AEMBEEXN TSR
ERAEKERERB=YE BN,
1 HB5HE
1.1 #8 AFER N IBA 2 mg/L #1 KT 0.2 mg/L
BIEAR MS BB #RBEPFRREKOISRER.
1.2 BREXASAERBFOHEM
1.2.1 BREMENASRERFFOEWE BER
ZRMFASAERY 1 g HFP 250 mL =HHEF
B3 20d, ZMAMAE 50 mL 2 mg/L IBA #1 0.2
mg/L KT f MS 555, 5 HE 4 R M 3% 5%
B3V Y B L. S BB, 5 R,
1L5% R+ 5% M. 1.5 AR+ 1. 5 e,
W3R H pH HKERRF 6. 0,#Z K% H 110 r/min,
FBAKE 3~4 .
1.2.2 BEEEKREXNASAEREFROEW K
EREXKKFASAERA 1 g T 250 mL A F
50 mL 2 mg/L IBA #1 0. 2 mg/L KT § MS ¥3: 5
B = F R b, 35 3R B0 0 R 6] R B VR ) R B (20,
30.50.60.80 g/L), B 5 d MERERT=BME
MR RE, 3L 30d, HEFEE pH EHMEKE HEF
b B 3~4
1.2.3 FEERIYASAERBEROEWE S
FEBA 1 gBRHP 250 ml =AM, 2 NES
6.11.16 REZAMFMA 30.30.60 g/L FE¥,5H
25 RWRAEMR 7% pH HARKE AR L. 5
A EE 3~4 .
1.3 ABXMASREREFROLWE ISR ERE
FE 250 mL =AM SRR 204, ZARAE
% 50 mL %0 2 mg/L IBA 1 0.2 mg/L KT,3%
FEME B9 MS R &, [ B A (NHL) SO, fRE R MS
HEFEE PR NHNO,, A B A E 60 mmol/L R
B&ET, 8% NH/NO,” . #5574 pHE
MR R F L, B0 3~4 M.
1.4 BEXMASAERBERHEWE:FSAERE

M3 250 mL =AM 4REF204LZAMAR
A 50 mL #tim 2 mg/L IBA #1 0.2 mg/L KT,3%
PEME Y MS 3555, Ko KH,PO, W Ry E 4
MS BFEM 1/4.1/2.1.2.4 45, 5535 5 pH H %
KEEER L, B0 3~4 .

1.5 AHMESRBRAMWETE  WEARAERE, S
PIFRBUE A EME RE, 3T 105 CHEETH 30
min, R/ T 60 CHEEMT 7~8 h ZHEEH, KR
ERTHRE I ITERBREMRKE=(EKE -
BEME)/ERE].EMENAEREIEHTER
BERBROBMESSHI. WE, KEELER
BAoBMERILZBENE. HENINERA
HPLC ¥ ,3 BXM#ITH S, Ak R o258 H
BK(8t 2)FIRIME-0.5% HAc(15 : 85) #AT &
WK, EBRER 1 mL/min, S 1. MEILKE
B X R e P 2 A R BT ER

2 #R

2.1 BREXFISAERBRNEmW

2.1.1 REMEMFASAERBERNEZW K1
ARBRENASAERERERERR S S0
T, FBEJLZBEREW . 3% B IR 8 A A
FHSAEREHE. LS HERE+1. 5% K
FBIABERENASE 1., ML 3% R AT
ALRILEEREEE GAEREFEAMAERE
K, AR E R .

2.1.2 BREREREXASAERERNE E.
(OEEFEREREXNASAERERMEW AR K
BWREEEMASAERERNERALE 1, AT
B PEE R M T RBREEMF 20X
BB BKME REXFHETRE. K9 LAEM30 g/L
ERETHERKEER,. AP 5.07/5,20d 5B F
EREEHAR AERTHRERETHE. BHEXR 20
g/LBf, i FREBEISdEAEREEHES, T
UF REMERD . R 60 g/L WIEFRES
BREREKRE/NTF 30,50 g/L. FBATUFS
REME N 80 g/L B, TR RMIMBERBE. 20d J5 M
FREFEABHEER TRETHRIFA T8 . EHt
PR EREFRUERM 30 ¢/L BH.EH20d 5
WHREBIRANTER. QO BERRREN 12
B, MEILEABARWEN B2 A AREREK
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EREEXNASRERT S 12 MEILRES R
WEm. BREREENEEERNTASE 1.1
R SRR 20,30 /L BY, FH2E 1A B EF
Ja FF&, 7 20 d U0 5. 14 F1 6. 38 pg/g, RG R E

LRI RE, 3 12. 73 F0 24. 40 pg/g; BEBER
50 g/L W, A28 1, KBS EFHE TR, 20 d X3
4 R G B B Bl KME BN 60 g/L B3
S 1A WS 20 KIEBIB K E (42 33 pg/g).

®1 FABEXASFEREFHER

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

® % SFR /g TR /mg FREAERME  oml RLEE/

pvgrg™h (pgrg™®
3V HENE 5.5140. 07 345.33+ 8.96 5.0740.13 6. 84 123.59
3 RE 2.6740.27 179. 93+ 7.50 2.33+0.18 5.01 88. 62
3Y R 1. 43+0. 10 114. 20+ 0.14 0.96+0. 04 3.51 205. 79
1SR HERE+1. SR 1.8740.18 125.97+12.32 1.1940.11 5.19 106. 27
1.5%MERE 1. 5 2.74+0.19 176. 30+ 7.31 1. 9840. 07 17.15 130. 37
1.5% BM+1. 5% REM 2.43+0.27 168. 70£15. 70 1.8540. 36 4. 69 130. 03
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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

EERBRREMFIILRBNENREEE
HY B W, {EL B B S 0, 1 R B 9B ) TR SE A T R
KEAB. WREEHEN 30 /L5 FILKERS 5 X
BEBRE, XTESEFRRBNEGEEERE
FEA X, EEFILKRKRRET B, R)5 T
R EFt. FEBM 20 g/L BRBER, FILKER &

KB A b BRI B K {H 265. 86 pg/g. MEHD 30 g/
L EsEet, FILEBRNRETRASRE LT, G
JLFBEZREK.

2.1.3 BREAMMASAEREFROEW: HILE
A EREREREENTAERERK, M RE
WEREGC g/DEATASE I ER. HT#
— S UEEREZG REAEREYENASE 1,
B AR R AR, BIES 6,11 X454
BHREPMA 30 g/L HEUREAEREDE B
16 XA 60 g/L BHILIRE S 1. HE. HE
SHAE M, RIS 6 d B, WAAEREY
BILFHF, BEEREBEORM. RMAREREDE
HEBRE T EA, S 25 RABBEAHE, HAEABSEN
8. 44, RX AW 2.3 /. ETASE 1.(E O, 5
BANSE 6 KBH 25 XEWMAHE, i 16. 58
pg/g WA 26. 92 pg/g, M MASISE 14 K&
Bk, 58 6 XY 15. 38 pg/g MMEFISE 25 X
B 55. 92 pe/g, RN BRAA A 2. 4 £ . X 2 BHE o (B BK
HREFEDPFNEEN FTREAEREDRMS S
B LA ERARMN,
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Fig.3 Effects of sucrose adding on growth

of S. miltiorrhiza adventitious roots
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NO,~ Jg o — & UE BT pH & 5. 94, NH,* gt — & IR
gt pH 3% 3.54, NH,*/NO,” ff 0 ¢ ma 1: 4,535
7 5 AR 1 B A B0 hn F B K8 4k sE 3% K NH, T/
NO, i , A E R BB T %, Y2 ANH,*
AR ERILFE IR A K, BT IR R IE R A

= 60

= 40 “—ﬁﬁbﬂéﬁ/

< 7

= 20 — e —
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Fig. 4 Effects of sucrose adding on tanshinone

I , content in S. miltiorrhiza

YA BRI E R E TR, KA K NH,*/NO,~
HASAERBERI,. AWM NEER EF
EPabBRa, AN 1 4 ASHI.NER
B.NH,7/NO," X 1: 1 HEILEXBHEBES,. K
Bl:4, 8 EAHEH NH,"/NO,” b1 4 BHFEHE
BEF.

2.3 BREXFASAEREKMEN K 3 BREK
& B E KHPO, WEHNRBREASAERERE
R OEWEBRBENH T FI2E 1. F8, % KH,PO,
WEREAEREN 2 EH. S8 1. HEHN
H 0.24 £5,KH,PO, ¥R E A BEA L FEMN —F 6T,
FEE T, W RH 157 %, B FILARS
BEHE BEEEWH, SMEETRETEAK,

3 itig

®2 AENASTEREFHOEN

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

b / PB4/ RILIxEE/
I NI T = TR /me prfy ORERE M LR
0:0 4.6340. 22 230.5049. 56 5.94 2.8340.50 11. 81 81. 49
1:4 4.2540.13 345.4145.78 5.82 4.8840. 35 35. 24 201. 09
1:2 3.8640.08 305. 774 4. 01 5. 60 4.1940. 31 11. 20 59. 42
1:1 2.6340. 14 218.5347. 86 5. 35 2.5440. 29 10. 75 286. 74
2:1 3.9040.15 290. 25+ 7. 05 5.22 3.8640. 42 20. 76 125. 58
411 3.9240.16 287.4648.78 4.97 3.7940.12 4.42 69. 85
2% NH,*t  1.4840.15 109.1045. 33 3.54 0.8140.16 31. 96 49. 07
£3 BEXNASAEREFRHEN
Table 3 Effects of phosphate sources on culture of S. miltiorrhiza adventitious roots
KH,PO./f SRR/ TR /mg FREEkEg O om SULRE/
(pg-g™ (pg g™
1/4 13.10+0.19 706. 00416. 75 5.4140.51 12. 29 62. 99
1/2 13.09+0. 53 637.15-28. 33 5.184-0. 49 16. 92 71. 01
1 10. 0740. 41 549. 25418. 60 3.16+0.19 10.77 77. 50
2 12.7240. 14 690. 154:20. 33 5.5740.12 2.62 72. 62
4 11.10+40.17 614,45+ 4.60 4.0540. 25 5.11 75. 77

3.1 BRIR . AFRIAE Y H IR R o BT 7 BB TR A 2 A
YR BE A TR, — fBEJ2 9% 0 R0 ) 2 0 R B, P LA
BB . BREEFRERRT EABREN R
Sh R BB RIS E—E BB ENMEM LR
RERAFMEEERREHARERE AR
B HR A5 RO B LR O M — B IR B
BREASEI IFILRENE. S65RE%F
BUA R BRI A A B B, T R R R R
R. BERREERRNASAERERZRTH
LTSRN EREGBEEA X, X5=
4 8 R 4 SR — B, T ok B A R4S
ATHRENISE L, RAELREEEEAF
FHASE I, A8 ETRILEKE, RKEREERN
THERAEMILEE fFE— 2R A THE—F

R FRBOR R BUR W R IR, LB BUE SR T S
AW AR MERBEREREREAEREY
B RAEHRNEREREEERSASHILNE,
ERBAMITERTITH . XABHBREFRFSR
EMERE T —ER L REM

3.2 AR -EFREFHMEAMESEAXMASARE
RERMKERBYEERBE—EHKER. L
NO, Ay HE— RN, AERE KRR, HEKAE
W& R B 6, 18 3% i NH,* f 5 NH, "/
NO;" 1+ 4, SR ERE AR I, X B &K
B MAEKRERBYHWEAEE . KEHEX
NH,*/NO,” i, A ERIEHE AL T B, 28 H
NH, "B A ERILEFILER, BT HREE
Begrskh NH, B KR, BFERIL, AT
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b, AT H TR A KRR AEREYE R, T NO,~
BT LA B R4 A R 5 B F IR, T R NHL T X 40 Y
BEERY., AEMKARBYEBRHEZHAER
MEMAERERKEHA R, 2R TH AR LBH
NH,*/NO,” SR ERFERL, FISW 1. 1
ERHE EHREF LR, LA 1/4 128
I MBERH. NH,7/NO,"H 1: 1 BEJLEEMN
BEE HRE1: 4, HI NH/NO;" h 1: 4 3%
FRHREIT .

3.3 B -BERMYPULEREENERBER. H
EENIEENBENARERNIEREEREAS—.
Amino %Ay MS 3557 2 +H # 8% (1. 25 mmol /L)
TR BFELAHAE KD, Katsuhiro Z3R5845 5
EPBRBEERELFEMAERKWLFTTE BEILR
B 40 M L 458 0k AR K, B IR R B AR X A AR K &
ARZHEZWH, B ABERES 4 5.8 5, 4
MYt BABEUBAERKEZHY, ALBRERE
MR RBAOBERESRREASERERK., BE
MRERBUWAEDERBRBEFEZNEMN. A
FHEYHRERBEBFTTBHKRERR ., F&RE
MEFFSEABRENHTHAST I SR TR
F T B A B I R 2 AR Y TR A LR I R AT
M—EAHRILINFRR EEE_BRRERES
B LA ERBBRPLTH, FILKBERR KSR

DL Z BRI AL A K.
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H OE:BN HARRASHAESHITS FBBFERE . TR REME SEREK DNA 2 F L5 ML
REAHHEETRMEREFRRTOENL. FE MRARRE B E S P REE DNA, U HEF A ITS &
RBIY S My 8, 5 MRS, B PCR Y HERMFRATUF. &R KHH DNA K ITS &
5.8S rDNA £ £ F % ,18S # 26S rDNA #4551, 3L 4 648 bp, H # ITS1 K R 195 bp,5.8S K F N 164 bp,
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Analysis of rDNA ITS sequences in root tuber of Polygonum multiflorum
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