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Fig.1 Speculation on the pathway of dendrobine biosynthesis
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Table 1 Cytochrome P450 clans of pharmaceutical terpenoid biosynthesis in plants
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Fig.2 Biosynthetic pathway of pharmaceutical terpenoids and their relationship with dendrobine
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HHE R (Glycyrrhizin ) £F 24 5 BUR L B =
( Oleanane-type Triterpenoid ) F L IR 3% | 78t B0
FEl B TR R AR TR SR RN 2 AR . 76 HRERITR &
WLk AR, = S A A W R L AT AR 2, 3-
oxidosqualene TR IR AL Ky = ik 5 48 B-75 W i 5 ( 8-
amylin) , CYP88D6 % [H 4t B-amyrin 48 1k iff ( B-
amyrin 11-oxidase ) , FC7E SN FA P9 UE B A 1L B-
amyrin 7 C-11 TP &4k, 724 11-240-8-F A
JEEE (11-ox0-B-amyrin ) 71 UL 2 (& 5) , LAk,
11-oxo-B-amylin [i] H % &t & # 4% fb 8 T EAE C-30
frt— AR C-3 FIE M A R R L, 76 H RE
FIFER A =il B AR WA R 5 0, = B 2R A 7 A
e SR E Bl CYP450 FfAL, NS T HRE
FHZE AW A b B 1Y CYP4S0 il 3L X CYPS8D6
Ja O CYPT2A WRBEMPIN S5 T G R
SRR A, CYPT2A154 fEfgiE i =4
HLE IR A AL 11-0x0-B-amyrin [ C-30, 772 H H IR
12 ( Glyeyrrhetinic acid) , —FH BLEH 2 H6 ,

25 b, CYPAS0 BTG 12 25 Tk Gy
G BOTAEH s AR BEE HOR T B A B
RIESHFRBIRA W2 Bk 82 CYP450 il 9 &
B, HHET, X CYP450 BRI 5T B8 HE % SR 2 5C
J , A SCE e i 35 25 S5 1 CYP4A50 Pl Ak A T
HAUES ST, BTG X I T DI RE T

3 CYP450 Egpffi 3= FE

3.1 EREKFE

Eljounaidi S FHAE MK UniGene B3R 48 &6
i) Germacrene A %A ALEEFIT AR NG & NG, BE S
L [RIRAS: 2R A5 1) G JC B i i 1) 1] 400 ol 7 v 11
CYP450 2[5 CYPT1AWO il CYPTIBLS, T CYP716
FIEMFEESE S 5 50 1) =ik s 2 1 T B WA L,
ok FBEEEETE N CYPT16A12 B TAE R AL 5 R4
Bk CYP450 BEEH , 455, Horp—1~5
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CYPTI6A12 ] UL £ A 63% () J¥ 51 %% 4 B N
CYPT16A 1402 J e S5 M DIREME =il Akl @

WRAEAE Y S sk 2 R Fifs Rk 22 S ik, Al
WAL v A5 2 i 28 o A LR B A W, TR
Teoh % Ry T % 5H B R AW A B EER
AR T3 B R, FHAE EST K& ) mRNA £4
U8, ZBL 124 CYPTID WREIN , WS EE
BT NS AT E ARSI VR R 4 G oK
FIR H R (MeJA) 15 3 3R IA B S0 T TE A B T 2%
S5 NSRBI EY G GRS . PSR A
EST ¢ F43 87 A& B 150 4> 77 31 8 14 B A CYP450
LI 254 MeJA 5 0k LA — 2 45/ MU Bl &
B MeJA L¥E T 6 4~ CYP450 B 3[4, Hip 1
contig00248 E A 5 Dammarenediol-11 & i A 1L 1% 2H
ZURESEIEFIRBE B contig00248 S AL 1835 g
RS R R R SR A
3.2 CYP450 BsERERIEERELEE

R R IR MR e % O AR TR 2
B B, TR R T2 A CYP450 Rt K 741
J& 8 T P s A A T B S 2 DNA 751, 5 ik
RGE (R EE AN TR TR S B ) 19 DNA 214 i —
ASEYUTRL, BXFEIE Y AL TR T DL e A s
Yo AT DA T, T B R 5 1 BB A Ak i) £ EE 4
JEORL A BRAAS , PR DA Fp AR A ORE S AGE aA
TR (KA FF T | e RS ) ) |, (8 o5 20 56 DX 76 40
WRIE AR IR 5, 77 AR T 5 2211 CYP450 1R
Fo R CRIBITR) Rk 774 8 A mT LLatifb 5
FERIMINAR ) 53 F S A0SR 5 R 3 2 75 A i Ak ™
WA, B NI T B L AliAh, BT B R G (B
BESCAY ) oMY 43 K 50 i i AL D BE . 19
m,Z 5 =4 WK =14 CYPT16A W 5 % 3k
CYPT16A12 CYPT16A15 .CYPT16A17 1§i ] T B bk
INA R Mg CYPT16A1402 38 3o 76 B BE FIAS G
R rf 3Rk RAE T AR AL FLIA = 1 Ak, P AR T
C-3 PEERIEAL ) =i AL BE ™
3.3 REEHEMRKL

CYP450 FE I A AEREE S EAE b v &
BB L G AR I PN L R R i A T AR
FIEMRE IR A, BT RO IR R CYP4S0 #

NBEMR G T KA E AT 2P, o THER
HUNGT I IR B ST - i, B B R A AkIE
JEAEAR TR ) TR R AR T AR AR 2 Fh TR b it
FBORGkGE R FH T P4S0 BB ik ', Keasling
ST T — R T IR G s R Kok A
v A S BN 7L SR N T L IVE 2 B8
PRURS IR 2B FIRHE AL 235 M55 BB Th FPP 93
s, FERR ATEALE 1) CYPTIAVL NI T &
R IR T AR AR

4 WHitERE

SR A IR WA R A R T AR
WEFE, A7 A i 2™ B AL T TR
SR, B AR RN Y RO 45 1 52 2 2R ARG 26
TSR B AR, (AREHRENLEY
B B AT 4 T Sk 2R 2R S W A &
BARRRHE T EES % CYP450 BEAERE R AEY &
BT R R 2 H R CHEEN, sk A&
() A CYPAS0 gt PRI F R AR A = AR W AR AR
AR TR EA B RAHT 5, D=4 KE TR
W B i BAr s

RIRT=H)— B2 53 F BRI A F iy
RO Z — U5 F R ER =W 1) e R 24 H R
4 XE LU A . A RS A RIS A )
BRELA IR A 2R 25 (R X o TR 2% oy
B IRIME , R AL GE 0 T2 G O R AR 7 sy Oy
MELATH R H 28 3 KR T R i sk . Ao
FAWIEAE A b 25 R R A AR = A
WGy BT RN S . H AR IE e S
Py A 31 i A A R AR A O 80 F
BEG FEBURI Y B R 25 T BE 4 & B 2 14k
EW . B O R A P 24 R A oY
AR AE VA BRI A SRR T T R R 2 Sl
IEAL GEHE ORI A3 85 5 VR AR A 1 o A i) Bl
b QR LR TT LA 3k A A R AR IR 4 H At
HA Picrotoxane 254 1 47 fith B 28 A= 49 Ak T L 3 sk
JEABMIZRAS , J B CYPAS0 i A4 Ak 2 %) £ figh
BRAL A PR LS5 R TR B 28 G T2, HLAR DG 3L A
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AR Ay TS 00 9 ) A 4 0 A 2 — TR A, T
AZZ5 IR I . — RO AEA AR 28 i A
FPP ] Picrotoxane & i 5 UK &, Az 7™ v [H] 445 )
—FfEaE i K AR 24 A T BO G A it b 2 RS 3
Picrotoxane ‘B2 AL G Y, J5EH BT RK™
Wy 3 i AR AN R 1, T DU ST URASZH 1Y v ) 44
G PE AR e s A AL G W T B B,
HEL NI 27 6 TR I S B A [

BT Y Picrotoxane 251k & & ,*%YE%%U\
R AR K Ak SR A A G LY
P JE I SE RS 2S5 A DY) R R R LA R A
ARG A E WY Picrotoxane KL & ¥ %6 T Bt
ST A SRR 05 I
FIAT, C2A 1 it B85 BRI CYP450 il (4
AT B A R SR AL A i R R — AP R 5 [ 2 X
SEAR S PR AT IR AT RE SR IE

X s
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Research Progress on Dendrobium Biosynthesis Pathway and
Terpenoid CYP450 Enzymes

o 1 1, 2 . 1
QIN Hong-ting , GONG Dao-yong ", LI Biao
(1. Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences, Beijing 100193, China;
2. Bioengineering College, Chongqing University, Chongqing 400045, China)

Abstract: In order to further analyze the biosynthetic pathway of dendrobine, the literature review was
conducted on the research progress of dendrobine biosynthesis pathway, the function of CYP450 enzymes in
biosynthesis of five medicinal terpenoids, and the research methods of CYP450 enzymes. By summarizing the
research progress of dendrobine biosynthesis, the role of CYP450 enzyme in the hydroxylation intermediate of
dendrobine biosynthesis was put forward. This paper summarized the research and identification of CYP450 enzyme
functions in the synthetic pathways of medicinal terpenoids artemisinic acid, tanshinone, carnosic acid, ginsenoside
and glycyrrhizin, and found that the main functions of CYP450 enzyme in terpenoids were oxidation functions such
as hydroxylation and ketonization. This paper summarizes the research methods of CYP450 enzyme: on one hand,
the screening of genes can be performed by database search or differential screening of plant tissues and multi-factor
induced expression; on the other hand, the expression and function identification of genes are transferred into
prokaryotic or eukaryotic host cells to express the enzyme protein through various means of genetic engineering, and
then the substrate is added to identify its catalytic activity. Finally, looking forward to the next step in the mining of
dendrobine biosynthetic CYP450 enzymes, it is believed that the differential CYP450 enzyme genes can be
screened from the existing transcriptome and protein expression, and then the substrate can be obtained by upstream
enzyme catalysis or separation and purification from plants, and the CYP450 enzymes related to dendrobium
alkaloids synthesis can be discovered by the catalysis of enzyme proteins and substrates.
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