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Abstract: Plant natural products (PNPs) are important sources of innovative drugs. They are mainly obtained
by isolation or extraction from plants. Low content and with structural analogues in plants result in high production
cost, which restricts the research and application of PNPs. While biopathway construction by synthetic biology
provides an alternative for production of PNPs. By biosynthetic pathway analysis of PNPs and reconstructing the
biopathway in microorganisms, we can produce PNPs in cell factories efficiently. Recently, several predominantly
international reports about biosynthesis of PNPs and its synthetic biology production, triggered the researches of
PNPs. Abundant traditional Chinese medicine resources and profound cultural heritage of Chinese medicine make
biosynthesis pathway analysis of PNPs to be a research hotspot. And some of the studies have achieved significant
progress. Here, recent progress in the biosynthesis of plant natural products and its synthetic biology was reviewed.

In particular, the application of new methods and technologies in recent years were summarized and discussed.
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This will provide reference for the biopathway construction of plant natural products.
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Figure 1 Biopathway construction of plant natural products

v
Synthetic biology
=

Biological parts modifying
Host strain optimization ‘
Biopathway designing

Metabollc engmeenng

Fermentation optimization




T EK A AR g a5 - 3287 -

TRV, RRABTYH R KRB EW 2 —. Bl
CL R R 0B8R 21 000 25 A, AR 4 B I A 0 3 22
73 NG| SIS A DR S A K SIS AR DR AT BL IR SR AR
Tl L P S AR D L 2 e R AR RS . T I PR
FUI A VDI PR A & VK B AR BEUR AL A Y
ME TR RERA R 235 RN R B SRR
ABZHA — LA C6-C3 FIT I RRA LAY
KB, BHE AR RRNRE FELRERBREAM
AR 2 UL S B R FY) R AR =W 0 AL B
FE WA A IRk, 21— R
Wil AL T BEE R 2 RE R IR P2 . AEREY TR, ANTR] S8
RUPK R AR = W)35) BAT BN R <1 BRI TR BGOSR, T i
YDy RE 2 FF 1) 45 14 J5 1B IR B CE R R AR = )& B
O
1.2 HHEEIHEE

MY RIRF= TR E L (MR A%, H B 6 g
RRR T, CEA R LR T O BN TEA Y R,
A4 28 0 25 W A 1 5 e 5 255 42 v R SR 7 0 1) 3 A
RV, M B RS TR R R 2 2 e 1hike
FER S A R IR AR Y, KA RS AR
W, 22 GBI AR . W L S R LR
4l Jf {4, 2 P450 (cytochrome P450, P450). K ik i 1%
(glycosyltransferase, GT)- i % 4% # i (acyltransferase,
AT). LR BE (methyltransferase, MT), [ 1k 2 M
T R K 50U 4§ (Fe?/2-oxoglutarate-dependent
dioxygenase, 20DD) ¥ 3 I "5 % k% H R K Ak
10 R B (flavin adenine dinucleotide-dependent oxidore-
ductase, FADOX). fli. & ¥ (dehydrogenase). /i &
(decarboxylase) Fl1 57 [ /% &L #% 2 B (prenyltransferase)
SEAEEM R & IR R EEER . A
FEX )2 2 5EY kAR E@AA I B R 2 1
P450. W5 JL 4L F Iy IR BL i R I L R BRI RS I S5 R AT
g, RES KRB B A28 A D Re it T e 2%
1.2.1 ZRBEG R P450  P450 2 AU b 1) 5 K
EHREZ—, SHEYE O R E R 1% 2 AT,
P450 73 4 15 Fifi A= 1 A 1 A A7 0 A 5 A OGN, FE T AR
ABAIAEACE T R EMEAER . Y2 5EER
B REE LA & AR 1 PASO AR X BN R SF, R EAE
HLE LA KRN, T2 5 AR AR P R WA R
P450 JU| 4r A HE K, A Ab 7= A 4K 2 5 R T 22 R RO,
P450 2 5 WHE R EAL IRBRARIE R AL I 2R S5 %M
AR B, %F H AT & HRIE T BE I P4S0 HEAT R4t
B AT (B12), 25 3% B AN 6] 46 40 SR U (1) P450 3
DAFE R KR, IF BB GO, S 580G
YIS R K P50 B B 1 R P, RAE [F — A

32, S 5 R B A Y& K P450s B A 70% (Al
PERY 2 5 PF 2 J B R A5 AL A R i Ak B
HRIIIPA50 K £k H T CYPT76 KR, Al
72 PAS0 1 2 5 A0 I B, 7E 7 JE 5 W IR AR ) B
(benzylisoquinoline alkaloids, BIAs) 4% & i, P450
PR TE 2 55 45 ) K A R 285 A AR B S R 51 B S Y
T HAMIKS (Cryptomeria japonica) ) CYP80G2, 7] {#
1 S-A= 0 BRI C-C 2R 1y 5 1 A2 B S- 56 8 e 25 7,
CYP719A Y. 5 54 %6 58 2 5 4 1 N AR B I B2 T o IE.
L 5. A, PASO I RE B M 0 0% B2 4 1 X
INE 5 A A PR SR A SN ANk S8 K FL AT A= D g
SRS R R B B CYPT2A154 e tig
HEAT S 3 S AL SN, A TH B RR AT 4 11-Fk B -B-
W AR EE IR C-30 A7 BCFR JE, AT A2 B H B IR IR™ . SRR
T # 15 (Mentha haplocalyx) ] CYP71D18 G % {8 1k
(H)-(4R)-FT I 1) C-1, C-2 0 B R A Ak S, 2B A
i 2C-1,2- 3 S AL . BARAN A PA50 2 5 1) S A
JAHTR, B4 H BT R AR IE, 2 5 28400 8L P450
K2 BAH O e i [R5, LB A Bk B2 1) P450
W€, 456 RS T, H4 R IX — E I D e
AT TR ML S 2 228 (R A& BUSR AR MR T o

122 PEEETREE WL RN 2 R SR, K
FWR 1 (GT) ek, FROARE R (UGT)
KR, 32 DL UDP-H) %) i 9 B 3 4R, R Al
SN & T AR i AE I, fe R A Y B EA I o, BB ER
V5] 2 5 W) 245 FH O A, AT S5 M) o 3t 428 ke 20 1) R 2
A7 Y. UGT 1R AR R IR 7= W) A W G 1l 11 5%
A6 i g, 6 R 47 5 R 2L o 1 3 5 RIS 4 7 A2 P R RR S
P, FER) AR AR JC L DB (AT 3R L =il S
EH RN EWER S Z R EZEER, T
S, BE A e o 2H A DR A B0 ) OR BRI, UGT At
FAF AR T J2, I\ R D) B A 7T o 4 45 A2 g b
AL 5 LA S B 0 LR s 55 7 35 7= A2 7R 2
SR R, P GT1 XK A 70 A A-R 218 4
H (group), A FEPFh UGT J [X 1) & 3, £ 44 18] 1) 73 A1
Y 22 000 X G R M) GT1 KRS R AR R Sl
e ) Z R R et . DA JF 19 UGT (AR
5 # 4 UGTS0 % (1 UGT) Ak 4 BAFAE M A h
RE BH i B R ) K U UGT HEAT R G AL 70 #, R EH Dy R
KA UGT 1E R G AR s 3 Ak T80 1 43 32 (B
3), X Ay AN ) vh 72 41 W 5L e 7% Il 1 47 45 R A2 1 42 it
ZHENIRT . H TR B R 78 i 2 1) 2 B 254k
G, Horb O-B B R W U BONIR NS IR
W AR A v vl B R4S T — S8 B R E R C- B
HEREEE R N-FE LRSI . b KR B S



+ 3288 -

2% % Acta Pharmaceutica Sinica 2021, 56(12): 3285 3299

1
o
s\
o §ee-gagls
R 288525588
i RERRRSS889me,
AN EEEEESE agf%g_\es
< 20es 93539 T
NG %020% 2225655 5E006 SR L @Sy,
S 25530 9885908 ST S0
S : CEEOLERTS,
XX 2 s LT TINAN
S %@ﬁ} 2 s 2 FEORdES
B VS 2 * & TS EN R
T 2"%;3@/ 2N 5 @ 58 Y%hﬁ‘& S
SR T P L
b 85 07 2 = X (RN
Ao 807 & LR IR
A 55 05,5 2 « ) NS
Z"cﬁ‘f;,fﬁg:? R ® SO 'f:d?‘j:’“’“&‘
ASAR8 W% s 2 SO NN
Yoy 0207 £ N 4 Sl
Alcy 70,735 2 © By
Mty 20,49 ’ A » seeTS A
Aoy 88472 % ® W
° B I, 2y
8 s 2L e Sere:
TeSYP7, 05 103 NCY 1602
g Tecg:;’;ssg % 55 < £ ‘;‘gv%m%
- TeCypy 2o/ i 9450 57— COYPT3
1
5] Teovol A1 @ = CYPTIA
Pacvbracks <t e Reverse
71681 5 = P9BAS
PgCYP716U1 e
YP716A1 s 2| s Avpoaro
AICYP716A2 100
& AICYP78AT
MICYP718A12 T AICYP78AS (2]
PCYPTI6AS2V2 = d ACYP7 =~
YP716A154 5 ) 2 2 100 AICVF7u'0 o
MCYPT2ASSS —22, %8 5 as ToCypy S
MOYPTZES, 2 2 AcYerny N
e , ] T =
¢
‘S‘% 3 . N 105 A»a‘,c'c{;hm
m»cxpn A = P o 52 700 1001820 m’ccy”’:rcz
OVPTR1R, > & SRS Smeroes
°§W‘."£‘> < 2 c,c,',"CCy)Z;“"Cz,z
s TEASS R e
et 3 Q 2 SO
& - 9 %
o EEE : ) Ve
S WS @hals 0 ' g 2 N
S, W e AN
N AN
LR s/ /s £ 2 @ D LRy %
é’oﬂ.@'\é\*‘:&:\ 7 R~ 5A S "%Cio‘&‘%';’g:v’
STV 3 3 2.3 ’%o "%:’Q
e, SN IRy
COREHS F . { ‘3%:0‘ 0%,
Go i) Y
SEosCOEEITaTae ARRERAIILIRGY
0SS SEEEREET 3333352382 29
o ¥w§§§§¢§%§§ é:!‘;; 'g’,i‘%ga
/.,,,9 <8893 BERE
/4
%7
en g6
Clan 711

Figure 2 Phylogenetic analysis of P450s in plant natural product

biosynthesis pathway. P450s from Arabidopsis thaliana were employed

as references. Sm: Salviae miltiorrhiae; Pg: Panax ginseng; Mt: Medicago truncatula; Tc: Taxus chinensis; Cr: Catharanthus roseus; Ps:

Papaver somniferum; Gm: Glycine max; Os: Oryza sativa; Nt: Nicotiana tabacum; At: Arabidopsis thaliana. Sequences were downloaded

from NCBI or Unipro
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Figure 3 Phylogenetic analysis of UGTs in plant natural product biosynthesis pathway. UGTs from Arabidopsis thaliana were employed

as references. Ca: Cicer arietinum; Lu: Linum usitatissimum; Si: Sesamum indicum; Zm: Zea mays; Fc: Fortunella crassifolia; Os: Oryza

sativa japonica group; Pp: Prunus persica; Gg: Glycyrrhiza glabra; Pg: Panax ginseng; Sg: Siraitia grosvenorii; Sb: Scutellaria baicalensis;

At: Arabidopsis thaliana. Arabidopsis UGTs was downloaded from the website www. p450.kvl. dk. Other UGTs were downloaded from

NCBI or Unipro
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Figure 4 Phylogenetic analysis of methyltransferase genes in plant natural product biosynthesis pathway. O-MTs are in blue background.

N-MTs are in pink background. Sequences were downloaded from NCBI or Unipro
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