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Abstract: Anthraquinone and its derivatives are very important secondary metabolites in plants. They have many functions such as
photoprotection and improvement of plant disease resistance. They also have very important applications in the fields of medicine
and chemical engineering. Efficiently and quickly obtaining anthraquinones and improving the synthesis efficiency of anthraquinones
in plants have become one of the research focuses of modern synthetic biology. However, the synthetic pathway of anthraquinones is
more complicated. At present, it is generally believed that anthraquinones are formed in plants by the shikimic acid/o-

succinylbenzoic acid pathway and polyketone pathway. This article focuses on the recent research advances in the skeleton synthesis
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of anthraquinone via shikimic acid/o-succinylbenzoic acid pathway and polyketone pathway in plants, and provides a certain

theoretical basis for studying the synthesis and regulation of anthraquinone metabolites in plants.

Key words: anthraquinones; biosynthetic pathway; shikimic acid/o-succinylbenzoic acid pathway; polyketone pathway; secondary

metabolite
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Fig. 1 Structural skeletons of anthraquinones
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Fig. 2 Structural skeletons of anthraquinones synthesis steps
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Fig. 7 Synthesis of structural skeletons of anthraquinones via polyketone pathway
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PIE R BIANsERYIR . —oR ORI A
#4760, 5 PKS 1. PKS 11 FI B # kB A,
P22 MEPEAL AL OV AN R, PKS T AXAE BN
PEOL AT — RIIBR, 48a ML, & ERH
FRr=pUTT81, AR A FU RN, ZFMEY A
PKS I #RESERI: 41 CHSU?, 2K ZJf A5 gl
(stilbene synthase, STS). HYBEMHI&EEE (acridone
synthase , ACS ). 2- Wt g i & W 821 ( 2-pyrone
synthase, 2PS). Z&/\Hi& M (ctaketide synthase,
OKS) 814,
2.1.2 PKS II BgRQEPERIL  PKS NI 7ERGR 3
WS RIS W] CAor N 2 AP IR SRR PKS T
TER TEALRMZ S Z k456, A PRI &
Vb iE s 2 Ja e AR R SRR A A v ) Ad i 2y 1
WA s AU = 4841

PKS I iGHERIERIZE 1 25N, PKS III 1)
AR TR I8 S T IR G A, BE VT DL BE R M
R A CAnpy B A R B OB AR AD,
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W] DU AR B A A A (W& S BE-5HEE AL 2K
-4l A S HATAEYD . HETCRI PKS 1T ALY
A DA P R A 14 A TR DIEAT IOBE, B
b2 A5 PKS T Eg I v] LUK HAR P o/ 4 &
JRYMEH . an ) AL AL SR
Wl AL LBt OBl A SEP). PKS TG PER
RIES 2 OB, FTRAKE PKS I A0 ST A &
Yyrb AL R FE 2y 4 PR, B sk b
(claisen cyclization). EERFHME (aldol cyclization)
W fig ft  (lactonization ) « % H A 4L ( multiple
cyclization) .

H iSRRI TR 2 MFEEE 1 MR 1A
BRI, FERIMESRAE T 0GR RS, AR IR
W& (phlorisovalerophenone synthase, VPSs)
AL T A A SR T R HIEE A PR AR R
phlorisovalerophenone ]/ (8¢, BEREIAY 245 A
B oo ER IR A — R N SRR A
MRS, T olivetol & il (OLS) LA IIE-4f
A AR A DU BR R, FEgE— R AL
A olivetol [ MISFEE . MBI TR —1b &4
FREERRFE R AL 7 1 W48 S AR B R 27 W11 J
2, 411 CPKS5 AL T 5E-Hiillg A 15 2 DAl A
BICRAEGE G RN, FHdE— 0 A g B2 =881
Z HIMENE T R SR S 2 A T 2,
AR E AR, W octaketide A1 (OKSs)
AL 7 47 F A AR A 5 OB A 456, TR
RMEE, NEad 2 HEIMURAS R E RS
FEntE T 2 EIH LB,

2.2 PKS I BgRY 4 BRI AE

KB AT TR K I PKS 11 BgfEEY)
RN AT iz, WAEE M K3 Rheum palmatum
L. [BHL Polygonum cuspidatum Sieb. et Zuce.P'l,
715 % Fallopia multiflora (Thunb.) Harald.®?, 3¢
Fagopyrum esculentum Moench.3! /1 #5 2 Il T
CHSs, CHSs & 7] DLAI# H-fd 55 4 B ( chalcone
isomerase). FHHEEAHE (flavonol synthase). ¥
B 4 % B Cisoflavone synthase ). 3£ i i& Ji
(polyketide reductase) 5% FpiligdL R 2 SHEYIEN
Z ML R B AEY A RO ANk, PKS 1T
il S Ak A A ) SR A S ) S AT A AR R A A
W EA T EEEN, P -84 it
v RPUWR AR IR G S T REDS,

A CHSs 2 RIS E IS e Z Ak 5

ML EE, W0 Xanthoria parietina L. &—F0A5)
ZIHAAEY), A AR IS TR SN A )
R EEARAL 2 0 25 SN CHSs &R 3Rk, AT 52n
H BB 5 008 Rkl Mariz-Ponte ZE07F 58 & 1
T4 [ 2 MR 2 (R A AR CHS AT FLS &5
RIZRIk iy B, dEmfegbsd iz, RNRBFH &
AL EWIIFL R . Feinbaum 5081 B Fg 5+ H CHSs
FER [P RIE 2R AN RS I 4%, i 3 5 SR SR B
S LGN CHSs (i

PR RAENEYIRTU AR F R EEZY)
i, EEYEZRIRRRERE, LEEAEYIEN
2 BFEWIN. BIKE Glycine max L. TEWAZ A H &
e, FEl. JRRERMNEGERSESRE
Hahn; =% Sorghum bicolor L. FEFh I J5 H
RBEZEN S ESEE B X, ik
HEYIPIERER G RS PKS T EE %2 DA D09-1001,
A T I e AR PR T R 2R A i ] LA PR
BUW T A5 % . Martinez-Romero SF73% A Al 4b B
(M7 25 Aloe vera L. W 4R, 45K KIS
SRR IS R 250 X B AR Gy B A S R HR L RE
77, 1K TG B R 58 A6 BB G {7 2t
ZRGEFEISEE AWK ERZEE &
RE . By RRIRY R B4 UK n] LU R mE i ae
BN AR G e A8,
3 HiE5RE

BRI A AR N G B RE o Ak,
AR K 2 %SRRI 2 PR =Y. A3
SRR T BRI A R 2 Sk EER R, RIZE
LR/ E oK H BRI AR A R B 1 . FE IR/ 4D
PREAMEAR RIS AT - EAFAE T B RHE T, Xk
1E BOP IR MIFEIRETE . TCA 3. MVA i&
R MEP i#1%. REIEEN F 2T AR
MEEEEES, e BR, REERHEY,
{H2 T RIS N RIE R Z =0, Bl
o 5 A 4 A58 A 1 TR I 2R A & 0 1 L Ak i R S AN B
W, T EARELIRARITT. T B ERR A R R Y
SRR, BSR4 S
e A T2 A . T L BEE R R R,
i3 B ER SR BT 1) 75 SR WA H b, nfef 42 =
R M 5 1) A2 ) R A R AR i R ) AR 2 1]
. AH 2 B RTE AR N BB BT A RS T A
BT FEIE 53 IR ik o JCH A X RS ot AE ) & R
W28 [ Ae A, DA S A6 et A Hh O Bt g A FL R A
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