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Abstract: Most of the active ingredients of herbs are secondary metabolites of plants. Cytochrome P450s
(P450s) are hemoglobin-containing monooxygenases encoded by a super-gene family, which play important roles
in the metabolic network of plants. This review focuses on the role of P450s on biosynthesis of secondary metabo-
lites such as terpenoids, alkaloids, flavonoids and phenylpropanoids. This will provide references for biosynthesis
and regulation of secondary metabolites in medicinal plants.
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Figure 1 P450s involved in biosynthesis of monoterpenes and sesquiterpenes mentioned in this paper
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Figure 2 P450s involved in biosynthesis of tanshinones and carnosic acid mentioned in this paper
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HO
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Figure 3  P450s involved in biosynthesis of ginsenosides, glycyrrhizin, cyclopamine and diosgenin

A FER FE Ak, R A R AT B, AT (diosgenin) 2 EYIREEE PRI P450 EH

& MR ) HR R B () — i B {55 PR S R AR, A S RS 2 AFTE — R E RN G, R4 L
W I EZE AT . Christ 550 A 0 I R IA HAR, AL R T 5y DRy S WE MR SIS A D L WE 2R 2R P B
M I 3 A 38 YRR A P ) 9T 38 D7 V2 40 ) BRI R A H5t 28 A B 05| W 2R A D BURT A WL SR A s . A
5 RGBT~ I R 4 3 7 B (Trigonella foenum-graecum) VB AE 25 AR R B 2 Rl A W T ) — 2R A 2 R
e 2% LR A E ] 1 C5 A1 C6 1M 4 i A4 A 1 2 5 2 o AENEPURD S EREE B M EY)
T JC 1) 9% B P450 2L [K] (PpCYP90G4 11 TFCYP90B50). Bl 28 1k & 0 1 2 B B (camptothecin) « K 5 A€ B (vin-
Z2 40 3 A 2 B 2% B OX T B AR A 4 AL TR — A S R TR blastine) "% 1k (morphine). 7 £ A (codeine)- /> 5 B
P450 J& (A& Sl A7 B4 I, 10T i S 1 e S L A (berberine). ML AR B (sanguinarine) &, 7£ I A& _E B A Bt
FARTAE DI SR A P2 B 4 T kB (1 3C) JIRE BT 2 AN BUIE EF  1J  PUE R A E  2G BEE pEA
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Table 1 P450s involved in biosynthesis of terpenoids and steroidsin medicinal plants

Plant Gene Function GeneBank 1D
Mentha haplocalyx Brig. CYP71D13 (-)-(4S)-Limonene-3-hydroxylase Q9XHE7.1
CYP71D15 (-)-(4S)-Limonene-3-hydroxylase QIXHE6.1
CYP71D18 (-)-(4S)-Limonene-6-hydroxylase QIXHES.1
Perilla frutescens CYP71D174 (-)-Limonene-7-hydroxylase ADC94830.1
Gossypium arboreum CYP706B1 (+)-0-Cadinene-8-hydroxylase AAK60517.1
Callitropsis nootkatensis CYP706M1 Valencene-2-oxidase AGJ03150.1
Artemisia annua CYP71AV1 Amorpha-4,11-diene-12 oxidase BAM68819.1
Cynara cardunculus var. scolymus  CYP71AV9 Costunolide synthase AlA09040.1
Mucuna pruriens CYP71D55 Premnaspirodiene oxygenase RDY12970.1
Coleus forskohlii CYP71D381 13R-Manoyloxidase KT382342

Euphorbia lathyris

Ginkgo biloba

Jatropha curcas

Ricinus communis

Rosmariuns officinalis

Salvia fruticosa
Salvia miltiorrhiza

Salvia fruticosa

Salvia miltiorrhiza
Salvia pomifera

Stevia rebaudiana
Taxus canadensis
Taxus cuspidata
Stevia rebaudiana
Taxus canadensis
Taxus cuspidata
Vitex agnus-castus
Lotus corniculatus L.
Catharanthus roseusd

Bupleurum roots
Glycyrrhizae uralesis
Catharanthus roseusd
Bupleurum roots
Medicago truncatula

Medicago truncatula
Panax ginseng

Platycodon grandiflorus

CYP76AH8-11
CYP76AH15-17
CYP71D445
CYP726A27
CYP716B
CYP701A
CYP726A35
CYP71D495
CYP726A14,17-18
CYP726A16
CYP726A15
CYP76AH22/23
CYP76AH4
CYP76AK7/8
CYP76AH24
CYP76AK6
CYP76AH1
CYP76AH3
CYP76AK1
CYP701A
CYP71BE52
CYP76AH24
CYP76AK6
CYP701A5
CYP725A6
CYP725A1
CYP725A2
CYP725A3
CYP725A4
CYP725A5
CYP76BK1
CYP71D353
CYP716AL1
CYPT716Y1
CYP88D6
CYP93E3
CYP72A154
CYP93E2
CYP716A12
CYP72A63
CYP72A68v2
CYP93E2
CYP716A12
CYP716A52v2
CYP716A47
CYP716A53v2
CYP716A140

Cashene-9-oxidase
Cashene-5-oxidase
Taxoid-9a-hydroxylase
ent-Kaurene oxidase
Cashene-5,6-oxidase
Cashene-9-oxidase
Cashene-5-oxidase
5-Keto-casbhene-7,8-epoxidase
Neocembrene-5-oxidation
Ferruginol synthase

Ferruginol synthase
11-Hydroxyferruginol-20-oxidase
Ferruginol synthase/Ferruginol-11-hydroxylase
11-Hydroxyferruginol-20-oxidase
Ferruginol synthase
Ferruginol/sugiol-11-hydroxylase
11-Hydroxyferruginol-20-hydroxylase
ent-Kaurene oxidase
Ferruginol-2-synthase

Ferruginol synthase/Ferruginol-11-hydroxylase
11-Hydroxyferruginol-20-oxidase
ent-Kaurene oxidase

Taxoid 2a-hydroxylase
50-Taxadienol-104-hydroxylase
Taxane 13a-hydroxylase
Taxane-144-hydroxylase
Taxadiene-5a-hydroxylase
Taxoid-7/-hydroxylase
Peregrinol-16-hydroxylase
20-Hydroxylupeol-28-oxidase
S-Amyrin-28-hydroxylase
S-Amyrin-16-hydroxylase
S-Amyrin-11-oxidase
S-Amyrin-24-hydroxylase
S-Amyrin-30-oxidase
S-Amyrin-24-hydroxylase
o,f-Amyrin-28-oxidase
S-Amyrin-30-hydroxylase
S-Amyrin-23-hydroxylase
S-Amyrin-24-hydroxylase
S-Amyrin-28-oxidase
S-Amyrin-28-oxidase
Dammarenediol-12-hydroxylase
Protopanaxadiol-6-hydroxylase
S-Amyrin-28-oxidase

KT382346-KT382349,
KT382358-KT382360
KR350668

KR350669

KF773141

JF929910

KX060558

KX060559

KF986810, KF986813, KF986814

KF986812
KF986811
KP091843/KP091844
[53]
KX431219/KX431220
KP091842
KX431218
JX422213
KR140168
KR140169
KJ606394
KT157042
KT157044
KT157045
AY 364317
AY518383
AF318211
AY 056019
AY188177
AY 289209
AY307951
MG696754.1
AHB62239.1
AEX07773.1
AHF45909.1
QBC36431.1
BAG68930.1
H1A988.1
ABC59085.1
ABC59076.1
H1A981.1
BAL45204.1
ABC59085.1
ABC59076.1
AF063032.1
AEY75212.1
17CT85.1
AOG74836.1
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Continued
Plant Gene Function GeneBank ID

CYP716A141 Dammarenediol-12-hydroxylase AOG74838.1
CYP716S5 Oleanolic acid-12,13a-epoxidase AOG74839.1

Centella asiatica CYP716A83/86 S-Amyrin-28-oxidase AOG74832/A0G74831
CYP716E41 Oleanolic acid-6p-oxidase AOG74834.1
CYP716C11 Oleanolic acid-2a-oxidase AOG74835.1

Veratrum californicum CYP90B27v1 Cholesterol-22-hydroxylase KJ869252
CYP90G1 22-Hydroxy-26-aminocholesterol-22-oxidase KJ869260
CYP94N1 22-Hydroxycholesterol-26-oxidase KJ869255

Ajuga reptans CYP71D443 Cholesterol-22-hydroxylase BAS30379.1

Paris polyphylla CYP90B27 Cholesterol-22-hydroxylase KX904822
CYP90G4 Cholesterol-5,6-spiroketaloxidase QDS03628

Trigonella foenum-graecum CYP90B50 Cholesterol-5,6-spiroketaloxidase QDS03633.1

BRI KR AR A B A A ) S R R
TRNIS4SL {EL I [5] PN 24 FH AR 42 A 0 s i 9 K 22 B
TEAEE LA B 9T, B8 22 SRUE T 24 FH AR 1 AR 0 A
HEYREDE RIS E RN T .
21 FEFEWEDBENE KA PAS0ERE Ik
e S R A A R DR 5 A M /N B 5 B () AR 0, S
W ISR %2 I A MR AT AR IR 1) 3 R
) %2 58 (Papaver somniferum), % 3k S ik 2k 1)
Bl B 2% AR T ARB FU RS T R, DA
I S IR S A R AT 5 AR U A8, S
WK AR BRI AR B BUR AR LA G A 4y s AR B
FEARfENT, PASO 1E 25 K4 2 B A AB 1 45 04 57 A 4k DL &
S EBOI R R IEEE/ERM . AT E A3 CYP
FWZz 5 T BIAE KL S &1fi: CYP80.CYP82 Al
CYP719 (% 2). CYP80s#:5 1-" 3k 7 MEMK IR ), i1k
Z RN, A5 R HEAE . C-O fl C-C i k. CYP719s fig
% F2 57 1~ JH 5 e ORI Ji /)N B ek 24 A 4 kS 0 £ A
C-C 1 5 B AN H i — M TR il . . CYP82s %
52 1-7F R S bk | /N BEGR I B A AR L S, L
Z PR AL R BT,

FEAR I R AR ) & U T, iR
15 25T ) 2 0 BB (reticuline), fb &SR g 1-75
JE S RS, CYP8Os M £b 1- 7 Jk S5 W Wb - SR 45 1 %
TN HE IR BT B, N- PR 3 2 22 B0 — A
A FT AR, 75 B S, N-H 3 5 245 7F CYP8OB3 (1)
M AL T 3E AT 3107 B 1 35 JE Ak AR R 3- 58 2 -N- T JE 1
20, %A Y — TR B R R I AL R AR R
O SR B8, Tk B T BE JE ) W E) /N BE (Berberis
stolonifera) ] P450 /i CYPSOAL NI 7] DL f# 1 (R)- Al
(S)-N- F 35 12 24 0 43 1 [F] C-O 75 o A8 Bk S5 I3 A6 Jl WL
RS (K 4A)E %G AE A B I — 2 T
(R)-N- F B 12 2 i F1 — 43 1 (S)-N- FT ik 2 24 B 2 it
K /NBERH, (berbamunine), 1 AE W 44 954> T (R)-N-H

B 5 DG 45 G A ORI /N BRI Sl B R A4 4K guat-
tegaumerine,

A SR T S ISR AR W B A ) A
) 2 B o ) R, S /N B | I AR B L A B[R] (thebaine)
A AF R SEAS R G5 f R A S I SL [F R A . B (S)-4F
oCo SRR 2 1) L 2E B (R)-2F o0 SRR 25 5 v T s Pl
LW i) 6 2 B OB 1 A2 B, 2015 4F Y e S0 & [ N
XA X — [ B ) Bl AT 7 HGE, X — F A
g — A [F) Iy FL AT PABO R H A0 i — 1 3 Ji A B 11 %
SRR EE . Winzer S50 F SR 43 73 %o P AN A B
BT REHEAT T 7T, I HL h P450 BEER A1 T fi 4L (S)-
Ao AR AR 8 1,2- 5 A 0o SRR, 17 T T 3 i T A7
TR 1,2- A A O B A K (R)-4- 0 A . Farrow
SRR RErh 73 0l FTA K H 25 SE R Rk 2 g ) AL
X IR X PL KSR T K40 B2 SE (Papaver bracteatum)
%) [ 58 16, H) AN (5] JE P i AT Bl AR S BE, R N AR 9T 1%
PA50 i 1 — 1 340 5 7 PR e e 2 A AR A0S TR R R
WA R S5, DO RG B A e R R e S AR, A8
R A, E A AR 4 4 A R

N A= SR 1) 0 P R AR R ) A A B R
AT — 35 B P450 B/ 3 1 43 1 N 05 BB IR S R . AT
TR IURIR T B2 SE ) CYPT19B1 BEf 1L (R)-2F0r B8
531 W C-CREARIIE b B 2= HLng (salutaridine), ik
— A H AL ) (A0 T AR Rl e T Ay R (] 4A) 62
7E W LR il (noscapine) /I~ B Bl A1 i AR Bk 1 A= 0 & B
W, CYPTIOXK RS | 2451 WARE RN, £ETE
FH ik AR 1 T R A v Ok BB AE B R AE
7% ¥ (Eschscholzia californica) A [ it - 45 2 1, & iy
(cheilanthifoline synthetase) CYP719A531, A% 5 v 1) &,
Tb/NBERR A T (canadine synthetase) CYP719A2114, ifj
KVE T 4] 22 52 (Argemone mexicana) /1 i) CYP719A13
FA BRI R A2 1, Befe e 25 E e S A /N BE
Bl A1 DY S A M B © 8 (tetrahydrocolumbamine) 7 %, 11
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Figure 4 P450s involved in biosynthesis of benzylisoquinoline alkaloids

OO AR L (1 4A) 90, FERE P AR W ) AR A K
RERR A 2T N O FE ARG SR Bl R L), ) — AT B
A5+ N C-C R A B 1 22 SR IR T H AAH042 (Cryp-
tomeria japonica) [f] CYP80G2, 1 ¥ S-4= 0 JL il 4% 1k,
N S-5E R (K] 4A)07,

¥ T CYPTI9 XS 517y T WABER B, CYP82
SR () = R [) R 7 V8 R R I AR Tl A B B
FIEEEMAG. IR RMMEDERIERE L

CYP82Y1 it CL AL ¥ H 4k, CYP82X2 i3t — L 7E It
Fehih kAT CI3 AL ER AL, Ayadk — 20 () 1 i A 42 it
TEAAL A, B2 g CYP82XL T B FE A - f# 4k N-C £z (1) IF
B, T 4'-0- 25 F JE-3-O- Z i A B2 S, 15 7E—
RYIBGHIVE R Az v 1R . 7E ARSI 2E P&
g 1R b, S 4 B SE R PR AL S (methylstylopinehy-
droxylase) CYP82N4 fii: {t, (s)-cis-N- F & 4 %2 S f F F
b 3 TF 2R A2 1R BT Fr B (protopine), 7E CYP82N3 1) 44
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1R A R B-FR - P AR, & B R OB AR A AR
T (dihydrosanguinarine) (& 4A)€1,
2.2 BiEMEBRAE LS R PA50 £ E w2k
Wik A e A 2 AR D ) — RS, Hirb 75% DL B R
i P W 2 0k, B3 K R AR B BT P B (ajmalicine) &
BB PEIB (quinine) 55 . b, B R 25 9K R AL T
FH T 550 1) A W 25 05 PR N 2 B 24 88, L AR A R A2
KiE o

K A A B R T R T P PR A A ) B 2R A
X, VI hbiIE G, HAEY G R RS R
Amgl a4 . Ho ok A WA s 12 A I R C8
£ ¥% H Akt P450 A1 3, ok B K& 16 A1 5 (Camp-
totheca acuminata ) 7 ] G8H L #% & B 1 56 1F H:fi 1k,
ifig, 7£ AAE MR ¥ (Ophiorrhiza pumila) 1) &R R A
A it A K BFETE ) G8H AR i 5 1 & il 55 K] AT LA
P& 5 A B R e 0. 53 Ak CYPT6 Kk,
CYP76B. CYP76CI7, CYP76FI2 & W 5% ik ) % A~
P450 i, th g % fi 10 7 I 7E C8 A F2 B AL T 1k 8-F2
F A I, 22 55 Lk S 0G| W A W RN PR A K i SIS ERL
PIAE A L. A IR, TR0 S 2 1 P450
%) B A W 44 iz v, Hofer 25015 58 & 3L CYP76B.
CYPT76C V.5 it 85 [ ANX R85 1 Ak 05 1 I A5 I, 30
A% 1 51 A< B (lavandulol) #A i §% (terpineol) A1
7 2 g (citronellol) &4k & 4 78 H A [F 7 B #E 17 4
A, 9 BT ] P 2B DB 1 A2 6 1R B B AR ) 2 A A
PR AL A T A 0 e = ]

S G (strictosidine) A2 PR B Wk A= 4 B 1 3
[F A4, Fo A R B3 B I Tk s G J AN | PO 25 S 8 4
TR A T 5 3 1% B2 A\ ST 1T 4R GPP A= il 5 8% 1
H (secologanin) fyit B2, W &8k H AEY & IR IE Y
P450 [iff CYP72A1 T~ 2000 4F i %5 7, fi 4 S+ 1
IR 09 53 PO 24 87 A= BT B R 7709, 2014 48,
Miettinen &5 5¢ Ji Wi 5 & 1 1 A= W0 & s 15 1) 42 i
BT, A B B A e S ARV R AR 2E R Tk, R
LT A DfeE D, Horb 242 PA50 JE K . CYP76A26
R— N2 I6eNs, RESAE LI £ 1 52 I A A i K B
B 7-J R AR TR CYP72A224 AL 7- i 48 D 4% T
TR R A A ) D 8% TR (loganic acid) (4B). KHAE
T S B IR AR A A RO AR 4 AR AT T g At i g
WA WD AE P B S A I LS 4R 2. 2019 4F, Yang
SEUSIN 5 B Hh v BE 15 2[R )& T CYP72A KIG M Ak &
PR A B AN CYPT72s 5% J 3 [l CYP72A565 Al
CYP72A610, 5 CYP72A224 AS A {5, iX 9 /> 3k [H] 1)
AE [F] BN A A 7- 0 4 B R R 0 e 7 67 72 6 A A A D R
FIR, FEdk— D ALHR 7 FIR% 8 7Y C-C BT 24, r=2E

I3 IR e T BRSO R, [ B 3 A 25 A A i 4 £
LT IR )5 NI A b S 712 (]4B).

KHE L L £ R (vindoline) 1K & Ji il
(catharanthine) & -& 1M B, A FRL i M| Wk A= 4 sl 1) 3 [ i
M B G B AR AR A2 & B 1128, P450 =
55T WE KT (tabersonie) F| X £ R it L,
P450 55 HI I i 7% I A1 £ 16 ik e 7% g AL R3] e A0 31X — i
2, 14 T16H (CYP71D351 fl CYP71D12). D4H . DAT
I3 AL S I Tk 16 17 F2 SR 4 | 16- A0 2 U T I
Wk 3AL ¥R AL 5 SR IR L2 RIMBK 4 A F2 4k, B
e A SCZ R (B 4B)eT,

AN, R R (ajmaline) B4V & BGE A HTE A
R B, K E E JE K (Rauwolfia serpentina) [ 4 i 1
Tl ¥ AL (vinorine hydroxylase) CYP82S18 B At 1 4
VAT B R A0 T 1B ne 2R () AR A & ) 8 SR B T,
W et — D AR SR T AR B R A A R R 8
A, CYP82S18 (1 X0 B {14 7% 1 75 A5 P Bl ik 42 T ik
43 S R v S 3 AR AL
3 AAKREUEMEMNE PRI PAS0EE

KRB EMBEFIARRE UL FER
S AT T8 B 2R T e Al S DA R B Ak S 4,
A BB R S EFEIE T & I B B B
A S o AR (3R A, S R A e SR oK ) — 2RI
RINBERNEGW V2 D ARGy, I B
(baicalin). H& % (liquiritigenin).%] 5 4¢% (breviscapine)
Fo RN EWEY G BOER I — %465 B AR
WHERAR, NFERRRIBATT UG, LAIR T S R B B T A,
TE L- K N & B R % B (phenylalanine ammonialyase,
PAL) Bl # % 2 2 it Z B (tyrosine ammonialyase, TAL)
ML TR 2390 A5 B R RE R RN A W2 IR, TR R R A PR AR PR -4-
¥ AL (cinnamate 4-hydroxylase, C4H, CYP73As) K]
AL T AR TR, & G IR — DR DR A
% B2 (4-coumarate: CoA ligase, 4CL) MM 1k T 4 1%
7 5. -CoA, & G HE-CoA RN i Rtk &AM &
BT — AN EZ R A, Bl AL B R
i A HERAL R A AR R A F R B 2 R AL S Y,
A e A g A2 P T 7S BN IR N K PAB0 AL CAH
X} Fr R AL 5E LR 3' ¥4 1L B (coumaroyl-shikimate 3'-
hydroxylase, C3H, CYP98s) 1 #1fi% -5 2 1L (conif-
eraldehyde 5-hydroxylase, C5H, CYP84s)f2( 3). C4H
S 5N A E (R ) PASO FINA R, 2 58— ANk
T, [ G S8 T BE B AR 9 P450, B B I R W R R
P, ANFE Y S CAH B — 5 B IR ~F 1%, ££ RStk
A R B — AN S VR 2 2 A I C4H
LR OBk v B JF AT T DR R E, ] anpE S0 s
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Table 2 P450s involved in biosynthesis of alkaloids in medicinal plants
Plant Gene Function Gene Bank 1D
Catharanthus roseus CYP72A224 7-Deoxyloganic acid-7-hydroxylase AGX93062.1
CYP71BJ1 Tabersonine/lochnericine-19-hydroxylase ADZ48681.1
CYP76B6 Geraniol-8-hydroxylase AJ251269
CYP72A1 Secologanin synthase Q05047.1
CYP76A26 7-Deoxyloganetic acid synthase AHX?24370.1
CYP71D351 Tabersonine-16-hydroxylase U5HKES8
CYP71D12 Tabersonine-16-hydroxylase FJ647194.1
Papaver somniferum CYP80B1 (S)-N-Methylcoclaurine-3'-hydroxylase AAF61400.1
CYP719B1 Salutaridine synthase ABR14720.1
CYP82Y1 (S)-N-Methylcanadine-1-hydroxylase QBG82621.1
CYP82X1 (13S,14R)-13-0-Acetyl-1-hydroxy-N-methylcanadine-8-hydroxylase AFB74614.1
CYP82N4 (S)-cis-N-Methylstylopine-14-hydroxylase L7X3S1
CYP82N3 Protopine-6-hydroxylase L7XO0L7
CYP719A21 (S)-Canadine synthase 13QBP4.1
Berberis stolonifera CYP80A1 Berbamunine synthase P47195.1
Camptotheca acuminate CYP76B4 Geraniol-8-hydroxylase AES93118
CYP72A565 7-Deoxyloganic acid-7-oxidase/Loganin synthase/secologanin synthase QDC27812
CYP72A610 QDC27813
Hyoscyamusniger CYP8OF1 Littorine mutase ABD39696.1
Coptis japonica CYP80B2 (S)-N-Methylcoclaurine-3'-hydroxylase BAB12433.1
CYP719A1 Canadinesynthase (methylenedioxy bridge-forming) BAB68769.1
CYP80G2 (S)-Corytuberine synthase BAF80448.1
Rauwolfia serpentina CYP82S18 Vinorine hydroxylase KY926696
Argemone mexicana CYP719A13 (S)-Stylopine synthase/(S)-Nandinine synthase/(S)-Canadine synthase B1NF19.1
Eschscholzia californica CYP719A5 Cheilanthifoline synthase B5UAQS8.1
CYP719A9 Reticulineoxidase (methylenedioxy bridge-forming) BAG75114.1

(Scutellaria baicalensis)®4, Z.4 (Lonicera ja ponica),
C3H X #HZ 5 AR (lignin) K& — L& # F35 1k 5 2
Wi e 2 (caffeic acid). % J5U & (chlorogenic acid). 2 %
%2 (rosmarinic acid) FAEM G R, &R N FEIEAE — A
L PRl R R, 0d 0 R 5 A a0 i SRR IR A A
e &0 52 C3'H A& J& T CYP98 5 I [ P450T, C3'H
FEMEN AT OB FREREREE TR 4T
f) C3 A 2 FE Ak, AN A9 SR U5 1) C3'H RE 6 1 %2 A
A KR BEAT C3 47 83 C3' i #2 FE 4k A Il 4% IR IR « ok
EHRE LKL TH™Y. Wk P21 SmC-
YPIBAL4 fE 5 i Ak 2- 5 - (4- 7 T 1k)-3- (4- 2 5L 2K)- AL
F) C3r 42 AL AL B RR 3% 75 1R A D9 71 9 12 B 1 & BUHT
A1, CHH = A Ak B I B8 P AR I 1Y C5 A F ik
b, BB R AT T BL G (sinapate esters) ZE4) & i
A8 ) PR o R R

TR RS PR AR N bk A EARE A E Y
KA, RV 2 25 NS TE RS, V)& OS5
BIRN . BV E RCR B) PAS0 2 B A RV A2 M,
RERE AL 2 A S M AR A & 0 [ — A2 55, I HL, AHIR]
AV SR 1) PA50 H [ 22 B 8% {16 35 R 2840 & P i [R) —
B, BA B 5% — VR, il fn, CYP75 Sk
P450 Z 516 R M4a & B T RIS LY & L, B8
% {1k 2 Wi 2516 & ¥ C3' 47 (CYP75Bs) 1 C3',5'fir

(CYP75As) ¥2 54k, CYP93B 1V 5 Ji PA50 BE % i 4k, B
Wi A & W) C2 A2 B 4k, FF I 7K JE B C-C WL 25069
(B 5). HHdft) CYP81EL AJ LAk 5 85l « K & 1
TCHITEREAE 25 10 2 B3R Ak, 43 ) A 77 2'- 32 0k S B
LGP0, T 2-F 5L T S EARAE T S RHE Y
Hh R ) R 3 A i CYPO3C2 T AR 4K, 25-3% At
fii C2 1z B Wy ¥R L HE D) C3 AL B, HET A Bl 2- 52 3k 57
B (] 5)11,

T %5 2 (baicalein). 7 ¥ %5 2% (woogonin) 1 B ¢
%3 (scutellarein) 55 #5218 5 AT 38 5145 b R HE 5 1%
MRS o BEH AL 5 3 & R 2 1% (Scutellaria
baicalensis) (1) 3= 3 Rl 4, BA LA BLE T U
J o 2 SR e 1) Iz VR, BN
T VB0 9 24540 BRI BT R R U R RE 1) T AE AR 2
Yo BFEEERAFE T A RHEY)LT 2 4E (Erigeron
breviscapus) H1, F AV 48 1598 15 LAk 978 R4 XU SR
LThak. WA AR AT B b i S
ZH A 4 R [FUR P A, Rk e P AR B T CYP82D1.1
H1CYP82D2 I > P450 & [, A= AY, 73 #r 4 W] 3X 1 /> 4=
B 73 T Ak 6 7 () F2 A0 FD 8 A7 i ¥R Ak . BE— 2B %)
T4 B R R RNA 5256 5630 43 #7I0 fy, CYP82D1.1 &=
TN T B R AN B A R A, 1 CYP82D2 M 4k
PEAELH N R R (F5)PI, L — SR
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Figure 5 P450s involved in flavonoid biosynthesis

ANAN [E] ) AR YR ) 11 AN FE PR A T — b R E ) K
WE RIS R R . & 5K 4CL.FNSI.
PAL.CHS . CHI %5 i fit) i [K #1728 Pl 1) L 222 o ] 4
FIM RT3 3R 16 BB, ¥ CYP82D1.1 40 e 7+ (1)
CPR 3 [A 45 & # 7 T F6H (flavone-6-hydroxylase) 3
REBLER, SLBL 1 35 X M s B R i & A, A
KA B b SEBL 7 3% &R 23.6 mg-L* R B 38 % R
106.5 mg- L= & (R K K)o

TR AT B FE 2 —, ImIK BT
ok M I BB SE, BT 38 43R (scutellarin) AT/b
BT R -T-0O-41 &) PERE MR . 2018 4F, (Nature Com-
munications) fix 38 1 3 [F BE 27 2R H AL 57 7y 28 5 5
LR 20 2 AR 256 TR SR, S AT 1 S RHE A AT A6 55
Ei (Lactuca sativa) 4L { (Carthamus tinctorius) 55 5
AP AT BAEER S &, 5ok A HAR 3 MUK
TP 2 1) B0, 45 K A A 0L 7 7 0 0 B P ) 8 S
FFPIRIIT RAER S EMA R, KIEHEE R AT
SR 5 BRI A, X R WIAT A FEH 11 g i &
N R ARG RN, B TREERREEE
F6H (CYP706X) 1] DL Ak 7 35 2% 1Bk 6 o7 72 3 A AR il
AR, [ IS AT A O S 3R - 7-O- i 6] W T 1R H 1) C6
PR R A AR BT 28 42104, % AT R A SR AT B
CHEAETE R AR T A5 .
4 HiREREEIEDE KRR P50 EH

B 7 bR LA 245 AR 3 I AR AR )
41, PA50 1E F At 7 A A ™= P (1 AR E B8 b 1) 5 A2 11

Baicalein FE.:OH‘RfH

R R AR . BT R R 2R R B
KR —, HAR I E SRRk AT, & —RERAEL
ot 35, HA BUMOR BT HIV 06 3 5 7 Bl A bt
REETENE, A WE 2 FAMEMZ TN E . Wang 5099
I g TR A B 21 SR SR E R AN
A R O IR A 30 PAS0 JE TR o 168 38 266 DR 3E AT I B3R
ik, LLE LA (geranylhydroquinone, GHQ) AJE#)
HEATEE ARG MR %, R BLCYP76B74 B A5 {4k GHQ )
3 AL I Th AE, F FLE T RNAI SZI6 75 5 5 BRAR
HIGIFIX — L S . CYPT6B74 &L KM A K
BE RIS — A PASO &1, 5 TR R AW A &
WA R EEE L, WA ERENEY
AW S B A AT B S
5 MASRE

Y €5 25 PAS0 — ELBE HE S N AR TR BRI, K
HEHET ZEDEER . ESBEENFHEARS5E
WA B2 I DG 2 R, PAS0 5 5 1k 2% i X A A6 I
T 2 544 K& PASO T R BF 78, Y 2 M)
PAS0 T el 4R 4 45 58 o« LA R, IRAEARH =4 & B i&
T2 0B FAE 2 WF 90— T 2 P AR U A AR A )
IR R G A ) AR AL, LR SR s, 4 24
T A R80R053 BEAT S UR AR A 0 v 2804 7, AT B3R EX
2 F R 1 1 A3 BT 0 SR B R R R 2 R B =
AIEIARIO, {H B T A4 Hh PAB0 Ji (R 0 e K, i L
vl A 5 P 5 v SR A TIU P450 [ L T RE, A H
BRI ARG SR G, B T 5 5 [R5 4 o B A & W) 25
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Table 3 P450 involved in biosynthesis of phenylpropanoids and other compounds in medicinal plants
Plant Gene Function Gene Bank ID
Catharanthus roseus CYP75A8 Flavonoid-3',5'-hydroxylase AJ011862
Glycyrrhiza echinata L. CYP93C2 2-Hydroxyisoflavanone synthase AB023636
CYP81E1l Isoflavone 2'-hydroxylase AB001379
Erigeron breviscapus CYP706X Flavone-6-hydroxylase Ebre_g017226
Scutellariabaicalensis Georgi CYP82D1.1 Flavone-6-hydroxylase ASW21050.1
CYP82D2 Flavone-8-hydroxylase ASW21052.1
Medicago truncatula CYP73A3 Cinnamate-4-hydroxylase DQ335792.1
Antirrhinum majus CYP93B3 Flavone synthase 11 AB028151
Perilla frutescens CYP93B6 Flavone synthase 11 AB045592
CYP75B4 Flavonoid 3'-hydroxylase AB045593
CYP98A6 p-Coumaroyl ester 3'-hydroxylase BBB04707.1
Ruta graveolens CYP98A22 p-Coumaroyl ester 3'-hydroxylase AEG19446.1
Eucalyptus cladocalyx CYP71B103 Mandelonitrile synthase AYN73069.1
CYP706C55 Phenylacetaldoximedehydralase AYN73068.1
Fallopia sachalinensis CYP71AT96 Phenylacetonitrile synthase BAU59406.1
Hypericum perforatum CYP81AAl 1,3,7-Trihydroxyxanthone synthase ANC33510.1
Croton stellatopilosus CYP76F45 Geraniol-8-hydroxylase AlO11760.1
Arnebia euchroma CYP76B74 Geranylhydroquinone-3"-hydroxylase AZU97066.1

F AN P450 T RE T 98 B A — € 4 5, 5 M\ P450
1 7 51 B F Gu i A 06 & AN R AR I H TR0 A 4L
ThBe B ALY AN [ 1) PA50 5 R 5 ik m g B AT
BN A A i A, T ) — 266 R 5 A A I 5R R T e fe
e 5E AR RIS, L e i 8 R A& Rig iz,
[ 2K CYP82X I 5 % ) P450, CYP82X2  E i {k
C13 7 ¥R 34K, 177 CYP82X1 NI ik C-N Wi 2T 3F J.
J;156], P4BO ) 1% L REAIE T BUR Y U AR AR & AR R T
JEZNG . R ATE R ok — BCi 18], A4 Ik AR AR g 1%
PAB0 Kk [ f1y s 24 i 146 11 vy 388 52 ) e 50 VIF A2 i DRk 4%
FEHT I E AT .

P450 15 2y 24 FH 1% M 40 6 B AE 0 2 1 5 b 1) —
AN B P AN, 0 AT G5 M U, RE R PR A
W, AR R = AR R, e m Hbr == s. At
AR T I 5 1 A Sk IR T 41 T Y P450 #E AT B
O A R T PASO R A A M, T e 2 IR TR
e H R AR A I 7O, g A S G = O X R
H P2 A CYPT6AH 5%k ) 3 K 347 85 A i T
FRok s, KA H 1 ThRE A 2 — AN EE B, JERI A
RAGRE T = HE R TR o 1A 7E W A )
SN IR, A RN FR R E A, KK
JRPIF &% (Fe k3. M4 PAS0 & K B ik
Thie HA Az v, BEAT DAL A R R ) 80 [F — K4
ANFIAE A5, SRIE T AN [F) M 5% e PASO0 4 & B0 AT LA Ak
) — [ S0 3R, X L5 D) RE & ¥ P450 (14 & J%F T Ak
MU 70 B AT B X, R o & A 2 DA R R
IR L T FEE I oCIFEE . @ IR AT 25 i)
P450 [ HE A AL, R e ) 3k A AR SR AT = U A 1
BTGP, R A R AR AT M, SR A AR

VR B AR KR 4K, 40 2 PASO0 i 7E 24 FH IS P R
G BAEY) R TR R

5 — 5 TH B L 3R 15 PA50 SR/ T4 A IR
FR - R A A AR AT F ST ARk g5 44, v LR H
i PA50 5 JI ) 45 A B RE IR AL i, TR NI 90 LA AE 5
BN EAT BV 2 . AR TS 5 AR AR R R R
() P450 % [K] 3= B Ry A-type 4 [ P450, FL Py Jii W 5 7 LA
T BT AR AR P A 4 o PR S5 A SR AT — LR AT T AT
T K 0 9 o 2019 4R 1 5 158 4 BBk A b 5K 24 IR
R R S 2@ I X-Ray AT 70T T P S E A
A AR 5 — > PABO il CYP76AHL A1 PA50 fifg 411 41 771)
4-phenylimmidazole [ & &) 5 R 75 2.6 A (115 ¥ R U
PRI PR S A 235 46 1 5 LA A ) BB A G 1Y) S B S B R
0 FR AR AZ AR [ B R 45 A o) R R R K R
7 (8], (RS2 AE B N IR AE AR A% PA50 i R 45 14
(AR, 2 PR ) B 16 25 DR [ 9050 A A S B 2 1t 7
TR A H R A 22 o I8 L 43 5 B2 0 M R A s MR AL
M ATiRe R A BEESE R . HArZ Ay
UAEAR W& 45 P45 [ 80 1A 25 R R 70 0 R 3R 15 B K
(R SR B T B, R TR A AR 4 4% PABO Th g L B (142
R0 A2 ) A BROE A5 B A BT 0 A% A2 F 9 ) A A RN 4,
GRS 5 FAMHHE AR E, tHEEAR IR, @
k% PA50 Y & AR 45 K i b, #8 7s PASO 45 44 5 Th RE 1Y
KFR, N H bR TR 25 F S M 5oy LR & O& 42 1
P450, X} H o K Th REIR FE R B 2R .

EEREK: D% B A IAEE — R, o il
SCHRFFBEE SCEEAIR; D% G 2 ST A I8 K0 ST IER
e, G AL B BT R S F Y LI R ST RIS AR T S
AT E A E TR B S OR T SE E T TRK € R ST R
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