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O YRR T RRAT A R TR BS T (OT  £28) 452 25 T %5 (Scutellaria baicalensis). 4] & {£(Erigeron
breviscapus) %[ L EINAER Sy, & HAAAE T SHIRRL B KSR EG SRIFE B H) LR RHES AN,
BAT B 245 I E - AR, AH DG FEIT 78 5 B4R v TS T R ) S T o6 W LT PR AT 25 0 A5 0B g 172 v S BB R DR 11 D e
Lite k0T . SEBHH 7-O-FH 25 Ml i 1 #4572 Bt (flavonoid 7-O-glucuronosyltransferase, F7GAT) {4k #i i 55 UDPGA (UDP-7ii%4
PEIER, UDP-glucuronic acid) & 8 5 i i b HER AT A St o R IL, JETE H A4 FTGAT Bl (b Acds 5k T8 it T A~
RAERRIRAE SRS RN . 2 RHEY, Wt BAEH 5B B 56 R 0 3w RRAT A, W —H e AR
WA SN FN, BESRT RSN LR 6- R IR AT ALY, H TN T 6 ATEALIN TNl
PR Z T Al ARSI IR T ASRIAEA) S AR T IR AT AR IR 2. 0 A WTBRIN D) & SR S PRI HLEL, LIV R A4
FE AR I8 10 A 5 B TR W L R AT AR AR R CA B AH DA 43 1 B PR ALK AR

SRSRIR SRR R A RS R

Molecular Mechanism of Biosynthesis and Regulation of Flavone Glucuronide

Derivatives in Plants
Liu Yi™, Yang Shengchao™, Chen Junwen™, Zhang Guanghui™

‘Yunnan Agricultural University, Yunnan Research Center on Good Agricultural Practice for Dominant Chinese Medicinal Materials, Kunming, 650201
HCorresponding author: zgh73107310@163.com; = Authors

Abstract Plant flavone 7-O-glucuronide derivatives, such as baicalin and scutellarin, are the major bioactive constituents of
Chinese medicinal herbs of Scutellaria baicalensis and Erigeron breviscapus. They exclusively exist in plants of Lamiales including
Verbenaceae, Lamiaceae, Scrophulariaceae and Plantaginaceae, and a few species of Compositae like Erigeron breviscapus. They
have great value for medicine. Recently, more and more studies have focused on the cloning, functional and expression analysis of
genes which encode the enzymes involved in the biosynthesis pathway of flavone 7-O-glucuronides in Lamiales. Flavonoid
7-0-glucuronosyltransferase (F7GAT) catalyzes flavones and UDPGA (UDP-glucuronic acid) producing flavone 7-O-glucuronide.
Most recent study revealed that the substitution of single amino acid was sufficient to convert the sugar donor specificity of the
Lamiales F7GATs from UDPGA to UDP-glucose. The flavone 7-O-glucuronides in plants of Compositae like Erigeron breviscapus
are totally different from that in Lamiales. This indicates there are different molecular mechanisms of biosynthesis and regulation of
flavone 7-O-glucuronides between them. Further more, baicalin and scutellarin, the major bioactive constituents of Scutellaria
baicalensis and Erigeron breviscapus, are both belong to 6-oxygenated flavone 7-O-glucuronides, and the hydroxylation in
6—positon of flavone is still not clear. In this research, the different kinds of flavone 7-O-glucuronides in plants and their distributions,
the mechanism of biosynthesis and regulation are reviewed, and this would provide theoretical basis for the potential ways to regulate
their biosynthesis and the related plants breeding.

Keywords Plant Flavone 7-O-glucuronide derivatives; Biosynthesis and regulation
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MRE=

R I AEAR Py LK ) 45 0 2 FEME R A 72
T 2738 N R R /N AR B 25 8, R AR
DA Y0 P00 I ) IF 11 20, W AR 2
254 H 7 (Gershenzon and Dudareva, 2007; Mac &s
et al., 2007). & KFEY I R0 1 SR A3 Y6 %
Pt (100 T 0y R A R A TR O AR A ), DT 358 ok
IRBE IR I N o 2 It — DR ZEoR 2R N B A
WAL R R AEAR Y, AR R R
(UDP-sugar: glycosyltransferase, UGT)f# {15 —4
B AT OBE 1 o B LA R I A A
Fge, WL LN UDP-FEfbf, Bk &
I AT LAy g AL (UDP-H 25 6« R 2= b1k
(UDP- B 4= B ) B 46 # 1 1R 16 (UDP— 7 B 1 1%,
UDP-glucuronic acid, UDPGA) (Ross et al., 2001;
Lim et al., 2004). 18 & 48 & HARAE AR 2K 5
A 7 () o i WLBH S o AHE,  — SRR BRI A 4t
FAA SRR ) 2RI, JF 5 MR R R A
T R LR R B AU 7= 4

TR 7-O- 5 BE 17 1R A& — IS RF Bk 1 28 5 i
7T-O-HIMETIIR, W LN T-O-H AR —
EAETIEIEH, B3 5 #E 5L R} (Verbenaceae) .
J& J& Bl (Lamiaceae). % Z F}(Scrophulariaceae)
i RHPlantaginaceae) Fl L K /b #5345 £ (Compositae)
R kT % 4¥ (Erigeron breviscapus)&5 4k iy . 3 i
7O~ i Bl T R () A2 A2 B W I A Rs S, BDAN [
R SRR N 3 7-O—-HibE R A 2R AN ], JLA
AW A o s 5 e HA G R A A B 26
SEHEAT, MKT 2840 55 I A A A 28 72 B 3 504 ()T
mLR), HEZHMPNE A /DR EE 7-0-4
BT -

UM 7-O-HHE IR e L2y R )
DIRERCAY o W 2217 R KT 38 L35 43 ol 7 245 AL A)
T %~ (Scutellaria baicalensis) 1] 3% 4¢ i) £ E I g
By, RAELEMAHME. mERA MK
FEARRE B H 2L 1) Th 8 (Wozniak et al., 2004),
Re g bu 2 Fh s, i H B 2E s (Liu et al.,
2003). MTHAREMTRLRES DRI E P RNE
YR A YT IR M, BN, SGE
W, BEARMLRG B, TR i/ ke SR (Yang et al.,
2003; Z=Ni4F, 2006, H1ELZy, 37(8): 19-111).

GER /Il TN ERE S Y R T B Gl 2l | S A i
(Martens and Mithdfer, 2005), 1H H i X} # il 7-0—
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HPET ER AR A B B 2 TR s R AL
FH AL RV R TP IR A 55 o SIS IR0l 7 O] 250 Wl I TR
¥ ¥ I (flavonoid 7-O-glucurono-syltransferase,
F7GAT) {1k 35 il -5 UDPGA (UDP—i % ¥ i /2,
UDP-glucuronic acid)# bk i i #8518 . JSTEH
FAH) FTGAT BE AL A4 7 v (R J0B i /42 UDPGA,
M AN /& UDP—% 26 Bl ) 7 b T B A 2 BE R TR 5 1) 24
A5 B 512 ) (Noguchi et al., 2009). {H & k40
KT RACSE 1 FIGAT IR AL s 5 1) T A A7
Wt Wt MAE R . AT RIS, AT R
TESE 0 F B34 0 634 346 0 I 6 B 1 PR AT 21
Y, Huix T 6 A7 B A 2 1 HLEE R LR
1o AL T M I 7-O- 8 T IR AT A= 1
R Frfe. o An, 1R T ss s AR s R L
AIREM AL, DU 35 AT S8 4655 2 A
VI Fhe A £ %

1 YR ERATEYRR RS 240

e S R R A AE = 45 I AR B AR ) g
7, o EEm R TRRENARRER 3 LA
T, AR R TG E L 3
PSR S WA s PR AT AR, WD T 28, RA B,
FMZ T-O-HIPE R mA 1. DOEETr. £H
DA R T-O-HIREH IR AT JZ40R A 7-O—HbH
M. Ak AFSRER, WfFRER 7-O- M HR

TRF . FEZ00 7-O- P FrRA 8 4%
(AR 7T-O- M HR): TRk AARRER, 1
FEARRE R 7T-O- iR, 6- AR E 7-0-
HIPE IR AN L s R T-O-HIBE R (8] 1)

P IR TS B A R IR L AR, AR
I 3 BB L RMMIARFHFI AL T 20 5 I T H
IR W1 3% % . B 25 3 %5 (Scutellaria scandens) %5
(Tomimori et al., 1985; Takino et al., 1987; Miyaichi
etal., 1988; J#IEEE, 2009); 45 2 KA M HLAFE
28 & 11 20 o Il 7 B 17 1R, 40 F- £ 3% (S, barbatae)
(Qiao etal., 2011). FEYMT % (S. lateriflora). *T &4k
275 K% (E. multiradiatus) (Zhang et al., 2008); 3
3 SAHD RIS A v B T ZRONT TT 289 3 I e b
1%, A& S. tomentosa A1 S. wrightii, &4 =&
TR OEME LT HoAh— Sk dy, sy
(Scoparia dulcis) (Subramanian and Nair, 1973). K&
X 7 (Clerodendrum indicum) 1 X 7 K 7 (C.
infortunatum) (Kawasaki et al., 1988). Plantago
hakusanensis. 4 ff % (Antirrhimun majus) (Harborne,
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1963; Asen et al., 1972). 75 (Yoshida et al., 1993;
Yamazaki et al., 2003). % Z £} % £ (Picria
fel-terrae) (Huang et al., 199944t & 47 v Wi A b 15
RILE BRI,

M, T ITANITITAY,

OH
O
H
q{O OH
Rl

Pl 1 R B R L R AT A 4 TS

Figure 1 The molecular structure of Plant flavone glucuronide
derivatives

T T RO EW R R 7-0-p-D-HiHTFHR): Ri=H, R,=OH,
Rs=H, R,=H; B A1 (352 7-O-B-D-Hi¥l H12): R=H,
R,=OH, Rs=H, R,=OH; X H%FF (%% 7-O-B-D-Hihl
HR): Ri=0CHj;, R,=H, R3=H, R,=H; H# % 7-0-B-D-Hiti
TR Ryi=H, Ry=H, Re=H, R,;=H; =& % 7-O-B-D-Hifli {1 1%:
Ri=H, R,=H, Rs=H, R;=0OH; AR ¥ FE 7-O-p-D- A %:
R;=H, R,=H, R3=OH, R,=OH; 6-}2F: AR & % 7-0O-p-D-4
PR Ri=0H, Ry=H, R3=OH, R,=OH; #4714 7-O-p-D-
HWIHFER: Ri=H, R,=H, R3=H, R=H; T)Z24%% A 7-0-p-D-
MR Ri=H, R,=OCH3, Ry=H, R,=OH; X HIIH% %
7-O-B-D-HI ¥ R1=H, R,=OCHs, R3=H, R,=H

Note: scutellarin (scutellarein 7-O-B-D-glucuronide): R;=H,
R,=0OH, R;=H, R4=H; Baicalin (baicalein 7-O-p-D-glucuronide):
R;=H, R,=0OH, R3=H, R,=OH; Oroxindin (wogonin 7-O--D-gl-
ucuronide): R;=0CHjz, R,=H, Rs=H, R;=H; Chrysin 7-O-p-D-gl-
ucuronide: Ry=H, R,=H, R3s=H, R,=H; Apigenin 7-O-p-D-glu-

curonide: R;=H, R,=H, R;=H, R;=0H; Luteolin 7-O-p-D-glu-

curonide: R;=H, R,=H, R3=0OH, R4;=0H; 6-hydroluteolin
7-0-B-D-glucuronide: R;=0OH, R,=H, R;=OH, R4,=0H; Hispi-

dulin 7-O-B-D- glucuronide: R;=H, R,=H, R3;=H, R;=H;
Oroxylin A 7-O-B-D-glucuronide: R;=H, R,=0OCHjs;, R3=H,
R;,=0OH; Norwogonin 7-O-p-D-glucuronide: R;=H, R,=OCHj,
R;=H, R,=H

{EAFRR DI )78, 3 M1 (1) g W B 7 T
TEREDIR N I 3 AT AN o T 20000 5 B 7 P = A7
TETHEPIAR b, T T 28 1 B R 3 2 0 A T4
YiHh By . BEAAR R A T A TR
FRKUGER A>T RUE 7T-O-HiP >0
A, BRI AEMR R EEA IR, AR R A
2R, M A e A R (Tani et al., 1985;
Xu et al., 2010), S. tomentosa f1 S. wrightii 251 1)
Oy A A2 2 (Nurul et al.,, 2011). 4T & 46+ S.
tomentosa Al S. wrightii 4] 38 £ 3 & & /0 A i K
M. fE. ZERMR (AR, 2011).
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LR PR, REP) BN R RN A A S A AT
W IRy S 1 RIS IR R SR BT 5 1) 3
TR PR AL AN R, LR SRR, AEAE YA
W A AN, DA R SAE A AEAN R 74
Ve iigte 5 i N LEE

2 MYIBIREERITEDN YA gz

) S T AR ) 5 R AR AR AR B R T R AR (L 3R
WA —AN 30 b, B I E AR, (o
3 FPSEA WA R 5 SN . MR SRR
EWHERR, ACL fEALILA A EEE-CoA, R JEE
CHS, CHI 1 FSII L & e 2, b &Rl
RIS AT IR (A BREK): TR A SCRUR AL
M, FSTEAILA BT, s 1T A
MR IR (B B2k): REBREERMGHA 3 Kt
HRORFREZE, e A TR B i b IR (C %
£5), B 1 ARBESENFEE, C3H HILHE
FEMMERR , ACL fEALIINMERR 7 B MEE-CoA; 2 2
HIBFESE ACL AL A IR 75 O 75 T 15 —CoA,
C3H FH#ALIL A mHENE-CoA . X4 IR TE K
FEIWMHERE-CoA 75 CHS, CHI AT FS 1T HI1E T N4 R
KEBFH; 5 3 L@F0e F3H Ak 246 ¢
Wy, FSIIFHEALIL G AR R 2 (8 2).

S RE A B AR T S i AR R, (R
PR, AR RS SR 2 T
P AR IR o AT SRR S R R R R 25 (Chu
etal., 2005), {HAJEE 2 7-O- bR, 683K
JRELZ T-O- M IR & S RAK, JTLL C BRZkfrtd
YR BT & EEBIARAR (B 2 TR o). Rk
AT S AT B L IR (AR BRATAE 3 Rl HREE 1
Kiaimit A B Ak 1 BT EIAR R, Sk
ALER I R4 5 2 RMEYIE B Bk A kT
RITE AR R, EE R AEAEAE Y R s 5 3
KA I A B WY £ 2 A ik T BRI 1T 70 3% i 7
RER

3 WEIREFEHIRED & ol KR

KNP RV 2 BT, ARG RE
fiil . AR R GRS A IR IS A A a5
/¥ (Dixon and Paiva, 1995). PAL {4k HL 55 —#B [ v,
i H o2& FRR 3 [ . 25 H] R ) 3 S (Astragalus
membranaceus) ¥ 3= S B 1o S M R 3R SRS E
AT ) PAL JE PRI TA B2 32 1) UV SR DK
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Figure 2 The biosynthetic pathway of flavones and their glucuronide derivatives

PAL, “RNZ %% % M (phenylalanine ammonia-lyase); C4H, KRR 4-F%21LH¥(cinnamate 4-hydroxylase); 4CL, 4- 7 GIRHHEE A
¥E 2 (4-coumarate:CoA ligase); CHS, /K4 i (chalcone synthase); CHI, 7% /K il 5+ #iF (chalcone isomerase); F3H, #4t
fifl 3-¥2 1M (flavanone 3-hydroxylase); DFR, 4l #&HifE 414 )R g [Fl (dihydroflavonol 4-reductase); ANS, {6311 & il
(anthocyanindin synthase); 3GT, anthocyanin 3-O-glucosyltransferase; F3'H, 2l 32 1L (flavonoid 3'hydroxylase); C3H, i
Fr G 3-# 1k B§ (4-coumarate 3-hydroxylase); FSII, #% M & & % (lavone synthase I1); F6H, # i 6- % 1t & (flavoe
6-hydroxylase); FTGAT, ¥ 7-O—% %M 4 R ¥4 7% I (flavonoid  7-O-glucurono-syltransferase); F8H, & 8-#51b /it (flavoe
8-hydroxylase); 8OMT, 8-O- kL4 7% fiff (8-O-methyltransferase); 60MT, 6-O- ! K44 % fiff (6-O-methyltransferase); 3'-OMT,

3-O- AL R I (3'O-methyItransferase)
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BRGNS, AR b R IA 253 e PAL g IT)
WEPE, SN = 5 E (Liu et al, 2006). HEEA
[F], 35547 3/ PAL JE A (7371 & SbPAL1, SbPAL2
A1 SbPAL3), Hifr SbPALL %5 /K P-4 25 b i i,
SbPAL2 {EM: Jy P s 7K~ 45 i, SbPAL3 JUZEAR
KoV (X et al., 2010), B R R 55
20 855 77 e oI N 5 3 1 ORI F IR ) AT DLAE
PAL. C4H F1 4CL JERERFIA/KY, IF H A fe it
WA WA RRDOE SR A .

CHS F1 CHI {44 BEAH 4y 2 1 1) EL T A4 4)
SRR, RRRA R R R BRIy, AR
MEZESAH T BRI, B HEN L CHS
Bl 1) RS ) B0 AR IR -CoA, 1T AS A& 6 7 &1k
—CoA, {HJERMWFFLERM CHS Mgkl R FEBE-CoA
N B S ME-CoA LA AL G I . Xl aR
B e 8 2 i T 28 ) A I 1 O B I I
A:4E CHS B LARTI F3iF . 25 RARF CHS R (1
FIEAZRRET I, 0 UV FES . HUbG 5 R
BRI S, X 5HAMMYIN CHS Rik B a4
(Zhou et al ., 2003), [A]ffth 15 58 X2 B 7R 40 (R
A )t CHS R FRIAAR, FEZIERT
CRATIR H l8) AT LI i PAL. C4H. 4CL il CHS 3
DI IA KT, IF HLRRWE (E0F B 57 B B 3 FI
WS RN EY A

i 45 K (Flavone synthase, FS)fi 4k 78 3 5%
fisl ¥y C2 F1 C3 2 [0) 5 I NRUEE A BB Il A2 A 49 i i
AW IR S — 20 SN (] 2) o e SR a4t P ol
SEARNNL IR 2R G0 A B e e, B S S
J B T (FS )R A Rkl L (FSIT). FS T 2&—Ff
2 I R IFe™ ML) A4, A7 AE T TR
(Apiaceae)FE4 kN ; FSIIJE—FF NADPH Fl14) 1
SRV 4N M (5 2% P-450 B, | Iz AFE T4
TERFLLAME S AR AE 14 P (Heller et al., 1993). FSII
JE TRV M 2 PAS0 B I — AN IR IR R,
CYP93B. FSII #3f AR A9 211F 55 (Stotz et al,
1981), JFCivekEZ FitEY) FSIIEE] cDNA 21K,
P B R v 2 (1) 1 2 2 1 SRR 4 o I AR
S AH N () 5 i (Martens and Forkmann, 1999). {Hj&
FIREFST 2 AR T T AR A B B € T A DG R )
J8G, N T REAE TR T S R R 5 ) DA
T8 2R e I e T B IR AR AR
BT R SR, U0 R R R R AN [
I X RIEAE, R R 28 1) S N A m BEAN ] gt

1101

VIR L, 24 R AR o B AT B IR AR5 b, A
AR BT 2 B R TR o AR R 25 i i £ Qi ik A2 /D K
B DR 1) vl B S R AR WE ST, A K B A
(chalcone synthase, CHS).

TR W ()R 2 FEPE e ok B 5 B e g
B A R R S A B . S B 2 A AT A
&3, 5, 7, 3'F14' (Grotewold, 2006), I 4'-OH
K AR RS A T A BRI 4-OH; 3'-OH
K B 2SR 32 4L EF(flavonoid 3'-hydro- xylase). 5
el 7 A& AR T B B 5 N, CHS Tfiifh
JE It (Schréder et al., 1997). {H & 24 FH AN M) 3 55
JT RACSE) LD MI4 4 6-OH i A b iR
FTAEY), Wp k3R AT B S Rm T R LR,
Ui W13 L AE W) R N A7 A5 R TR K 5 W 6 2 Ak Il
(flavone 6-hydroxylase, F6H), A4k /7o 3 & iy
PRI 2 ARG BOE SR (K 2). d B
=, RENZETARERNARREREER, 6-FFHEAR
TR SR AEAERAR, UL 4L FOH X AR H 3R
BeZ AL . 3% Sb UBGAT (UDP—HlHiH A 1 -
AR T-O— B % R ¥ F5 g,  UDP-glucuronate:
baicalein 7-O-glucuronosyltransferase)f {4, # fiil &
FSCEE W AR TR, LR e P AR T IR A AT A A X
AR P 2 ] (5 25 AT 55 22) 1K) 7-OH, 1M 4B A7
AT IOAHE 1R 8 T (2 7 5 3R 45 ) WU AN e AR A TR 4
(Nagashima et al., 2000), P55 i 6-OH ¥ JE ikt
7-OH [P)IBE 7R A A A T2 .

HAl, C&MEMHEYIEEE 6-F2 LA P
Bl o3 AL v I R R B el 7 AE 6-OH. HAR ST
W) H A /D ERh 21K 6-OH ) 25 7 I (Wollenwerber
and Diets, 1981), & il 6-F2 0l i - A —Folr 4
J&}i4) (Chrysosplenium americanum) 53 2 4li1k,, 4
PR HBAE A 53 AL ) B R RE IR 6 AL FRA, 2
Pl 2 7 R A A 1) — Y 44U (2—-oxoglutarate-dep-
endent dioxygenase, ODD), H: cDNA U 474378
7 (Anzellotti et al., 2000). 75— IS 6L 4Ll
T % [ K 5.(Glycine max L.), J& 7l P-450 B 144
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