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Abstract: Salvia miltiorrhiza, whose root and rhizome were often used as medicine, was classified in family
of Labiataec. Many studies showed that tanshinone has significant effects in cuing cardiovascular disease. As
the secondary metabolites, it was reported that the biosynthesis for tanshinone was regulated by various biotic
or abiotic factors. In the present article, new findings about the biosynthesis of tanshinone were discussed,
many key genes in the biosynthesis pathway as well as many related investigation were summed. Moreover, a
vision of futurity was also given on how to increase the product of active component from plant by gene
engineering.

Keywords: Salvia miltiorrhiza; Tanshinone; Secondary Metabolism; Biosynthesis; Regulation

&P RSEHEMRHEY SRR HBIERRER

w F

TER R BRI R L, B RLEYE, g
Email: leiyang@sibs.ac.cn

Wk HW: 2013466 H 19 H: &EHW: 20134E6 H 28 H: HAHHM: 201347 H 8 H

# E: JIZ(Salvia miltiorrhiza) )& W FH(Labiatae) il & 5 & 5 HI 24, LIARFIMRZEAZY, 25BL%R 0]
FHZ AR PIZ RS YR TG T O R ILE R RA BT EHOES TS 2 i A AR
Wy, FAEME RGREZ B R R ARE R T R SR . AR T IR S IR R A )
B XA & SO T OGN I S SRR ROMISCHT LT T IRGAE S, FR RN TRk
R = 25 A A ROy () & B TR

XA 12 SIS WERE: EWEE R

Hans iXith

Tk

1. 5]

F¥Z(Salvia miltiorrhiza) 9 )&% F}(Labiatae) il J&
g WY, URARZEANY . PP AL L
HTIRER (RAREZ) , #yR8 E5, BAWEIL,
WO, JEATARR TR BRI K 25 1

HETH: ERERREEIES(31200222).

Copyright © 2013 Hanspub

TR PSS WAL A PR T30 97 o il 118 7
WEA RZITRG RIS 8 4 A T AR A
e HA RSy AR 7T B R R . AL
WIS BRI 22 50 R s PY S IR Y&
g A R HOCHENE . ST SIS MR I S LA J5 T
BEATERIR

73



P& SIS A& SR T e

2. RN FERHEYE
21 ASWMENLFEN

SRR B T RAH 50 ZM kil
YIRS, BE 450 RF R EY), R IX L
G DI 25K T 43 R RA A St B (Abietane) M i ot 2R
(Icetexane) - FA ¢ 4 (Pimarane) 57, ¥ & it Y
(Clerodane)f12}: H #£ ) 8 (Labdane) AP TY, FL R4y
B MR T R i R L AR AR FpSep
FIZH TA. FHSE 1 BTSN S22 1
KEME TIAER A, Bk zas i 1 s,

2.2. BN R M

P12 R () 45 R RIST iR 10 245 350 0% v R sk
R NATIE e AL, S DA A 2R T
s R, HWHOR I B (RO WA i s ik
MIThEES, FHSE 1 BA R RICIZ RS R 10T
U, AT 2 EE A S 1L FH2E 1B g
PSS AT . EONH S AR RE M
ZIRIETE, P IR LA A R L RO 1 5 5ok
RIS MRS BRI RIT AR B R L E T
bk o

3. ASHERRNENE K
31 ASWMENENEREERAXEE

PSRN SR T EFR, wR N EY R~
PR EEAR = P K I — AN SR, B AT R B s
FACE G BB B T — A L [R A4 5 %
§s L AR IR (IPP) S8 1) e My ) — W R 0 A R A TR
(DMAPP)'), EMIMI R, — LG PIFKRES 5T IPP
A1 DMAPP [ITERL, W 2 fivR. — 2401 MVA
&R HHWAT 4B CoA(acetyl-CoA)TE 4L 4T
CoA fifi il (acetoacetyl-CoA thiolase, AACT1/2)f{H

, o
o M_{ o K
T >
N Y O (Y Y O
(A (AS
/N ZaN
Tanshinone ITA Cryptotanshinone

W46 & £ OTE 21 CoA(acetoacetyl-CoA); Tk
LT CoA F5—4 T I LT CoA ¥ HMG-CoA & &
B (HMGS)4i & A i 3-F8 58 -3- I L R LBt CoA
(HMG-CoA) ; HMG-CoA & J& i (HMGR1/2) #| H
NADPH ¥ HMG-CoA i i N H 2K IR(MVA); H 2
IRERTE ATP 25 T4l 5-WR H 2 IR \ S-FER R H
PR IR i AN C5 B —— 5 IR I SR (IPP)
Z 5133 2 BB OO B R IR EEFMVK) . BERR H
P2 IR (PMK) « S-EE BE R 72 G IR JBi F2 BF (PMID) 5
B 24 5 I8 I R TR IR (TPP) A . 57 44 i (IPP) (¥ {4 £
N AT EAR R T T A R R ER (DMAPP) . ZIR1RTE
YUY R e AR PP, RS EE PP S5 A SL L F
DMAPP ¥4k, 1 H 2R P 0 258 i 23 (A2 1)
MR KIE T 5 — RIS R AFAE T oA 1)
MEP &4 s ST i PR 5 2 T4 B B2 (pyruvate) il
3-T R H % (glycer aldehyde-3-phosphate, GAP). A
B FN GAP H 1-Ji 48-D-K Bl B -5- B R & B (D XS)
4 DXP; HEHE7E DXP I8 JR F S (DXR) 1L 41t
— B[ N AR N MEP;  1E 2-C-H 2E-D- 7R B fiE-4-
BRIR I E B B BEMCT) 4L MEP # i — 05K
(CTP) & A6 B 4- — 1 TR B -2-C- HY & - i 8 % I
(CDP-ME); CDP-ME 7F 4-fEW§IR M -2-C-H 3E-D-
TG (CMK )i — D R A . 4- TR i -
2-C-H Fk- 7R W - 2- W 2 (CDP-ME2P), iZid FEH AL
1 > ATP; CDP-ME2P 7£ 2-C-H B /R F -2, 4- 0 = fi
45 EE(MDS) AL R B 2s 1 4 CMP R4k pl H 3 A
BB RN AR BR(MECPP); 255 (E 8 FH L T ) 2k -4-
1 % & B (HDS) J 2 H 3 T 2k -4- 1 1% 00 I i
(HDR){#AL N i & A p IPP AL R 444Kk DMAPP, %%
BIMEET R A AR Z BUR A w F, H21Esh)
FIEL B 1 R WARIE , MEP 3842 5N 2551 % i #4
oz,

TR E Y G ORI, HETE

o) 0
O\)j\/( o\/u
D LD

Y Y ° Y
NAA \I/\/
Duhydrotanshinone I Tanshinone I

Figure 1. The chemical structure of four kinds of tanshinone compoundsin Salvia miltiorrhiza

1. 38 (Salviamiltiorrhiza) s 4 3-SR SR E 54

74

Copyright © 2013 Hanspub



PS5 AT SRS R 1 A RS R A T T

9]
(..) O o) Y N NHz.Gm:

seaoNe ==
OH
U —om

HO,
——

L |y (D
H)H/\OP + /choof — WOP — oP
0 oH OH OH

OH OH

HO
GA-3P Pyruvate DOXP MEP CDP-ME

MEP Pathway

N

O. O_OH
P(:/‘{K B A o T @ HOA( 50 Fe0
(0% OP WJ O O
0 = — HO — 10k~

/ DMAPP(C,)
HO HO 0-Poon p=0 (IPP1)
OH OH o'k
HO‘ bH o) OH )\/—OPP
CDP-MEP CME-PP HMBPP IPP(CS)

Y 0 9 @@H EMGRIHQ,
)LSCOA MCOA ?

Acetyl-CoA Acetoacetyl-CoA

HMG CoA MVA

(DH%\OP—’ (</\0PP —
co

MVA 5+ phosphate MVA 5 d1phosphate

OPP@ )\/‘

IPP(C ) DMAPP(C,)

APMX

5

Neooryptotanshinone Crytotanshinone Tanshinone ITA Tanshlnone IIB Tanshinaldehyde Tanshinoic acid

l

\

X
OPP

Tanshinone T

Figure 2. Biosynthetic pathway of tanshinone compounds (the solid arrow denotesidentified steps and the dashed arrow denotes putative

steps)
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Table 1. The contents of four kinds of tanshinone accumulated in different organs of Salvia miltiorrhiza
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