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Fig. 1 Biosynthesis pathway of shikonins
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REREHNE] 908% L =R UAWIN G, FTbh, %
IR HZ A O B P A GHB (1) GPP Sk T
MVA i&42 . {H 2 H 5 W 3 B0 R R & 1)
£ %5 MEP #4276 ¢, H Singh 2137543 % H MVA
FTMEP ARG B2 1A Ut F b &
I, MEP 8475 (1 O H BT a8 25 B i A4 v 1R 2548
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Singh 255 K BLANH] AeHMGR 12235 RE 7] N 400
LD E A ER R ) ik, (HE XL i ik i
R R ERAHCHEA T, LYK 5
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KR

G MR A4S A L5 (3-hydroxy-
3-methyl-glutaryl-coenzyme A reductase, HMGR) &
MVA AR AT 1 ST, B K G I 1 1 il il
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BT A R B R L) GPP. HMGR 5%
IR VA S, Gaisser Al Singh 15256 25 I
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AR REEMAER, i HMGR MEIERE 90%LA
FAmigk g AR 20 BRI 1) HMGR JE A&
TONEER KM, AR @Y HMGR (8] 2 AT
B R . RS A A A v B ) HMGR BE[A]
MR T PRI eI 514, Lange MR E M9
BRI R R IR AN cDNA SCER R T 14
K. 443 bp 1 PCR 5l ; Singh 2503 A g e 85 v 5ig
FE T 700 bp ¥ cDNA J¥41, Zrildr 444 LeHMGR
M AeHMGR . {2/ E S FRIE ERYFRIN, 58 A0 g
FKEANMI HMGR LR ) RE ARG 144
PB4 B R LI mRNA 2 e 8 1K 5 205k
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R A ER L SRFTR H IR A PR SR 32 5210 . Yazaki
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T I AT ek F R R RA W AEY)
BRI A T IRIE . A THRBE AR RS
RN 7> TR, Yazaki 257 2208 A S I
SLRE AR AR ZE FL A0 M o B T AR RS TR A A
PKIEN) 54 cDNA 5%, 73hl&RA LDI-1~5,
SRl /e MO B5 R B (1) LDI-1 IRFFR R
K, I R R I 2R OA 2R G T 2 £
LDI-2 {EREHEFR IR A0 bRy ek, AN/ERli g
FRA R A PPt R L R AR Rk . AR B pa
T OpDI-1. OpDI-3. OpDI-5, W57 T ARG
KM MR 225, RA RIBA G I A
A ()15 5 % G g e LR IE RPN UHRIR#AE H 3R
PRIk iR a7 2 MRS S RN
(1) cDNA 741, {H 1K L6 [ 11 D) Reik % A 15 2 4H
NREGAIE, ANRERE 5 R RmR B EG YIS R
HEAR P,
1.4.2 2B D] Yamamura 26054 25041
Mo A5 T 1 MK 843 bp [ cDNA 3% LEPS-2,
IR G — N0 M BE B 1, LEPS-2 AR 501
(R 2 B BE TR A0 i AR RS A AR IR R AR TP A, 1
TR AR T ARG U IR M R P AR RIS,
HHUGHERT, IR ERIA] R 5 280 T IR B RN 40 WA
FUIHEER -
143 ZIERARMEN  REMEPE %
TESARER Y8 Hri R T O S SR
IR 3 N 121 4 ENI3 14 K cDNA——LeEIL-1,
SEHE PCR AR, % JERIAE L B IR 41 M BS
ARG IR R N MO AP R 5L, 7E 6 h NI
TR ISR N, T HLAE M9 PRI — ANk

Fag R, HaZ I R R R4 AR R 3K
R T A 2B, A AR RO T
B T L0 . R 5~ ERF 2E A1) cDNA, H A IAE 8 d
RN, M EeRE IR, BRI 3
1 ERF BERMERIA; JI4h, B AR 2
oy 5 d e NBIRER R, ERF JEA ) RIAH B %
W XL R YDUAE 52 5125 ERF JER)
Rk, IG5 F RS B E R B R,

2 EEZERETEVEYERNESEKSRIEX
EREFRIE

R 52 A1 S R B PR RS 0 o o o -
A e R L L o N O 1 E Ao vy S AT N BUN ST E 2L |
YR AERE, KR E RIS, ARG
WIMAR R . 5 516 T RGSAEWAE A FE I %
B T AT IR N B R 4%, AFAE /e B AR 308
PG KR BEHHBCNTTRE . AP IABEIH I (5 1%
SRR A — R N B L], X e
TE 45— F FIAH I DR 1) 3R SR SN Ah A B 1)
N, MRS, BANEE S SERR
FERETEZEALUFIUA: SEMERS. DI
FERG . LT REM RG O, 5 R4, pH
REG5E . M5 5B SR ED S FAF . 53 H7
TR R A B N A B I LR AT,
B, AN G TR 28 S AT A A W 4 i 4 1ok
TS 54 PR R, R 2R LM W NO,
ROS. i P85 B - 5 45 U7 T
21 2%

LIFAER — PSR E5 0T W&
BT A A B R o R MR 4
A RR Y8 MBI ERE T L5 S 2k
R B S N 140> ENI3 4K cDNA, i
YN LeEIL-1, F¥m LIRS E T 6 K1
HUBIBRAL T R4 o A SR A PO i 4 2 v i o
T LA N F ERF RS cDNA, fERFST 051
PR B O DG EE R 1 e P AR IA I, R IIAE 8 d
REFR AN, AT AR, B EE LT
ERF KA )R IE . H P € & RT-PCR J741 5 Al
T LIFE AR ACC Fl Ag 4b FH 648 21 5 B
KIHE (PAL. C4H. 4CL. HMGR. PGT. CYP98A46.
LeDI-2) [F 540 o 45 Fe R W, Ag W& H -1 PAL. 4CL.
CYP98A6 WKL, 585 L LeDI-2 [3RIE, W&
N HMGR #3615, ACC %W % R LeDI-2 3£[A
(IR, X ILARAR DG HEIE R R A TC I B R . X
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B GBS M ) 2 08 R R P R (1 A P
22 NO

NO E Ky —/NH B 2R 2 {5 A 42 12 a2 ol
Z RGN RGN AR IRk R, 78
HLY 5 9% J5 R AE S5 RN S N b B TS T AR 7%
(reactive oxygen species, ROS) #M i fl:ffih NO
(16 . NO F1 ROS /& HHAEH T, NOtHAAC
PEFH AR R, tAETS SHIM R VIR, R EA
ME IR AR AR I AR o IR NO [R5 A2 TR BT
R RTE R A OC, R RN A N A
BFREIE 2 d, NO RIS B sk, &SR i
H NO K1) 16 5, Jf HIiXPE NO KFAEEE
FYNM G N R SRR G iR T 6 do ANEELUN
WA ST oA NO [ L, mijEdm T8 R
KUHEYME, RPN FETIKBEES FIEN
NO 3% . Wu ZEPWERFST NO o Y58 4
TR IR R G A T ORI, 4 NO A
FSCFRT A 75 L-NNA I A Ji B 400 1 751 B A0
T LA 2 1A 1) 58 R 2 R G s A A R A
AN NO 1] LA A% s BRaxX Rl md, 28 NO A& 3|
PR R A AR o 38Rk S E & PCR 2047,
NO 1] LA 25 (2 F 58 5 2 RS W) & g 4 ke
KHAEH RN AR Z M . PGT FIE AL =
R NS LB TSI S v
2.3 ROS

ROS 2 4 N6} B SRR 1) S B =4y, LA
FOHAEYIAT 03 5 VE F IR [F it 2 B (A S A6 54
Jii, ROS {55 AT LU )5 3 R 51 B A HL
i, ELFE B AT B AL R A AR R SR Ab
Y5 T VR BE ) HaOp AT LA S 25 (R 58 o 4%
o RILATEDIN G, I H R B
KHEMER PAL. LePGT. HMGR Wik, IF
HANE NG BN ROS 7= A= B 7 it 2%
FIHIML A HyOp PRI R AT A R, *
ISR i HLO, IRV REAE NS 52 T 24
B R AR ORFEDEIR4&E R, ROS (55 1 fig
5 TOME SRR A& st . et
BRI, R G oe 2 BIH], KA
IS HoO, FHEE A & A TR RAR AR s
TE RIS FRAAT N, R T IR G It BB &,
24 h AN AYE H0, MBS & 1S A6kt
HIEREZER, WEERFENFMLEL, W HO0,

HAE 48 h FEFBI— AN K, HAE 72 h WA 2
ThUUeE, PN 5 ER AU 91 2 1 R REAE 48 h FF R Kl 7t
FAE 60 hik B a5 EDGAERAH LI L B 20
5o POD Mk H (1) SR IA A AR Hy0, R —
2, SR EANYE HO, B4 B 1R 211
SEMFIRT R B G i e a3 —3. Kith &%
TAb PR W R R X RN E DB, BT
AbEEJE ROS MR ER &, 10 min WEREERE, 2 h
AR AE, DA RGIEERE 2 s, R
ROS W ZH TS 715 S EE R RN ™
PR R I Pt FER Y,
24 HMREETFIKE

BT M A5 R E IR, A
B PIRIE S IR 2490, ROS RS H A %Ik
R, HAENEZEMRAE 2 (G —HAEE 51T
WFFCEE . AFTUER I, A0 B TR B SR et
K FCRFL R AEY) G DG, TR B R AL T
SRR A IET, ARIRSE R 5 Ik
{8 14 00 240 e ) A K38 o, 3R P8 3 s U A A
TR a2 A P A A B B TR Y SRR
A R 2 UIA G, R MO T1E TR
BIFRERANM S min J5, U RS B TR ARG
TR R T T ELR R AT B BRI R W
0 F1 L PN 2 A ) T e AT DAL 5 T IR A
FH AR 585 BEL T 751 R 5 51 [ B A6 mT A e i
FFRIRN ;B B A T LS S 1 iR R AN
HERI A PP ARG R R 4 F T Ca'/CaM
CES AR 1) % MO B IR (R B8 g o 5 55 8
JSC S AR SCEE DR [Py s B AT, SR (1) P bl A
0 25 B0 57 EGTA W BE (138 Jin iy W 2 BRAR, B Jis
JhESE A, A 518 1 BH R RE 0 2 P 5
E I o= R NI id S M W (B vie A1
B Ak, BE RN ERE CaM F5 PR I
1 B>, e E A se A, B Ca®'/CaM fi
ST RES IR R R P R R A R
o (HEERRIE TR, ARIKREER EGTA il
CaM FIFRI AL B S L P 1K) PALL L C4H2, LDI2,
LePGTI . HMGR . CYP98AG FE Ry 55 7K - 5 xof it
Te# S, Ca™'/CaM A BEAERE S5 S5 K- ARG 1) 45
Py B A A 0 AR T 2 DR ) 3R TP R R
JR R R A R,
2.5 IMEER

P A I IR ARG > . F A%
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HIRAUFEIA IR (cAMP) IR H R (cGMP),
KT RGN RGN — DN EEM AL 2 F R
g, i I RE A R W E M R EAHBEAEH
K5 T A B R R R R IR A 20 min J5
cAMP [P SEHI N, 60 min ik 3 &z /K F 5 [H 2
B HRACED, XGRS S AR ROS ()
AR, TIREZ AAFLEE AR .
3 iE

R T BRI N B AR R R R
EONN I s ) R 7/RAS G U EWN NS
SEHEREER Y . WA R R R
H TR B A PR s ) I BB, SRR s 5
TR e Y R DR TR 23 1 A 2 i T B 4 25
AR X ma. Hil, SRR MHATAY
G AR RIS CIEATE 2, AW o R R F
% OB G FUAH I ) OB I I P 4 1 . B
SRR A R DR A LR M, (H
e GHB R R AN 7L T2 —had,
GHO 7E4i N &t — RAVME J7 Be T O B 38 )
AT . REE R IATED R W) A E s
R TE AT T IE L o

L AW A IR TR R A A e R
PP Fll MVA Wik EZ AR, XPIAREHET
TERE IR ARG R s A7 A, Snse. PR
KIER . FLRERUEW DG BV .
SR OB I SO T AR 2 B A4
HRORES A Z%, [mINEr LU 2 Fhig
A58 2 1) ERRH B A FH LR PR 2% AU A i R AR 200 55
i) PR, R TR A IR AR AR BB 9T A T
=

Fahhs AR 7 T RIS AR T LR e A
IR R, (554 FHLHIET T E 2 P A A
BB TS, K THE AL R I A A B
M A B 08 T L IR AR
B, B LTI ) A O T R
O UACH A 2% . B AH DGR R 55 7 T B
IRANHIHT
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