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Abstract: Traditional Chinese medicine (TCM) is a treasure of Chinese civilization and also a good mine for drug
development in China. Many TCM components come from rare biological species including plants, animals, and insects,

making the preparation of these TCM pharmaceutical substances at large scales a bottleneck that substantially impedes
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TCM-based drug development. However, the rapid development of synthetic biology has provided a strategy for
addressing this challenge. At present, significant progress has been made in the bio-production of individual TCM
components, but the efficacy of TCM is mainly due to the synergistic effect of those ingredients, which are termed as
pharmaceutical ingredient groups. Reports on constructing the bio-production platform of pharmaceutical ingredient
groups are limited. Herein, we summarize research progress in the biogenic mechanism of important TCM pharmaceutical
ingredient groups, such as volatile oils, saponins, flavonoids, lignans and alkaloids. Some individual components of
pharmaceutical ingredient groups (e. g. ginsenosides) are synthesized by multiple branching pathways, which can be
produced and formatted thereafter. On the other hand, some pharmaceutical ingredients such as sandalwood oil can be
synthesized through single pathways/enzymatic reactions by engineering the key enzymes to optimize their ratio. We
comment the strategy of combining enzyme engineering and metabolic engineering to optimize both the production of
pharmaceutical ingredient groups and their ratio. At the end, we outline the prospect of synthetic biology research for
producing pharmaceutical ingredient groups, including: (1) complete clarification of the biogenic mechanism of more
complex pharmaceutical ingredient groups, (2) development of novel metabolic engineering approaches for breaking
through homogenization of methodology, and (3) optimization of the catalytic characteristics of key synthetic enzymes by

combining rational design and directed evolution.

Santali Albi Lignum Pogostemonis Herba Ginseng Radix Et Astragali Radix Scutellariae Radix
Rhizoma

o o
5= 5o
% i
o-santalol patchouli alcohol St S
= &n wogonoside
OH astragaloside Il
OH 2 OH
W Gmpm/@
HO'
[-santalol pogostone oH O
scutellarin

QH 0
icaritin

Cricy

o H HO. OCH;

ﬁ?h £
H

ﬁw \o;@ : ng scopolamin silybin
S Ras .
Y oH S O : . |
e oH °<_¢-"° : (-)-lariciresinol jHi} i ) . " ng*“
A o \op 2 S(JA"“ ,%j CI

A st H

" clemastanin B hyoscyamine isosylbin

epimedin
Epimedii Folium Isatidis Radix Belladonnae Herba Silybi Fructus

Pharmaceutical ingredient groups of traditional Chinese medicine

Keywords: traditional Chinese medicine; pharmaceutical ingredient groups; synthetic biology; pathway elucidation;

volatile oil; saponins; flavonoids; lignans; alkaloids

FEARTERKNRE, 23 ETHEME  THELRHGQH ARG BZ0MLHE. Flin.
IRSER, TEM T MR ERAR R, NEASH, 20204, HT6ST I AR IR 1 “ SELR AV




%£5% www.synbioj.com 633

DATMNE %101 30 ol P 5 4 B i s o = BTN R
PRI 2y T AR SRR AR NS
2 SE R T i LA R A VR T s B AR R R
T B RS A  H BLO o R R R R
55— BR B GMP VAIE T 3\ BR 5 117 37 1) o e
g, TR R0 D BORAEER Y. B
R 255 BUACRE A BOR B A W Rl & AR S,
LA W B, TR AR
GBI T BLE 1 SN M S LA

SR, 1oty S5 245 245 280 I f T 5 82 3t 4
R ELAR 2 1 R 245 24 B R F U R 257k T2
T AR A ] i PR 3R A

(1 25 25 58008y B (2 3oL o AR RSUAE 40 B3 9
O H #, w25 25 8oy 2 20l i A 3R B 75 5K
R, BT B 2R 1 B2
WM, BRI S AL QBRARNT
FRLAEAR RRERE Bl ok 7 i 25 k&, (B4
GVFZ M AR SEBLN TR, 0B 20 1 N
B S A A AE AN TFAE R ) /05 v 254 5ik 1 3 b
Ph, B X IR L, HEAAE SRS
MIET, @ Z4M (HEE. JIES Mk
JERE ) A A R B A I HL B BRSR A #F Z) Cn
LRI W, IR T H R @A AT A ]
L T SR 8 43 2R PR et SR R AR T

(2) 3R B > B AT E , T E R
I7 RO 3 BT A A E T 2GR 1 A R DL R R
I TR A b A — A BT 5 1 ) S TR R L 4] 22
SR, HEURIE —BURIT 2.

(3 M & My Bk, 1 R0% & S WA .
B, SR ARG R RS WK BT A R K K
T KRB R 2GRy, IR R X P A Sy
Bb, ZEREIE S A S5 RARBLRYT 19 Fh 3R R A 2K 26
J g1, PRI DL e SR K OB R AT R K R 5

GRS BA & R R TR R R, fE
il DR R 73 B 5 1) R 25 2 U IR IR T R i 2 o 2
RUOB 53 A P A R0 R s L 1 S8 R A T, R
ST LA AR S DT IR AT R A . AR,
[l A A 27 3 A8 52 2% 28 B0 B R JATL fR AT e o B
7 EEGERE, Bl RSN T RKOKANEL .
R AR g AR T, LR B T PR 2 e
AIFE i e A Dk =27 0 5% B A ) 5 BB R A IR 4%

MLl o I H O s BLVF 2 B 200 1 i 25 25 200
oy W R . BN ESLEE R ),
BT RIA25 g, HEMHERARTEER
2 25 20 BT 2 o AE I & e A, TR
AR R T A E R RSO
“CHEZGRURI R N A M R S 2 HOF
HA5 253 SR BV Ll S R s A S8 2 ey 50D
T2 LR T BRI . R R R
EARRER S AR AT, PRy
TR A 0 E BRI A & st 1
A R 42 AL A1) LB S S L R AN BRSO3 B AR
Jiike CAEGRUR O BEAE N BRI TR RN 5 R E W)
BORSEGRIE,  FAE U2 W T A0 s 0 B A B
RISl BT 3 EeB R E T 20N HE I
G0, DRI SIEIL 201 B A (ARG VHE A 925 2 S ST it
R NS

EH, AREHEN “He RS A TR
RISEN, SEPLT 703 EL A B R UE AL,
BT ROE A M A ), P R )
J5 T 8 S e it 5T A B L AR A P RSO
24 25 B o3 B TR LA DL B 5 B AE WD B R WE 7
BEFEHEAT T 251K

1 ARG R TR LT 52

1.1 ERBRGUADEHENESHIER

(e NRHERTE 25 L) (2020 4EfR0D SR T
46 B LY J i 8 2 BEZ U R A e 26 . IR e
K 2 R s G R . fEREI R, R
WGP 3L F A S G R (IPP) SRR T
WA A g A AL T 40 B 5 AP B R R R %
& (MVA &) P FIALT 03 A Hh 1) 1ol i 56 s
Wi (MEPIBRR) B, 1857 0 5 i IR 7 A 1
(DD (AT, IPP 5 H S Ak — F L T I ik A 1l
2 (DMAPP) ] H.#1t. IPP 5 DMAPP {f 7 M-
BT oM (GPPS) F1ik JB M 3 Bk 1k &
(FPPS) AL R 20 1) 4B B 51 10 2 40 FE A 2 1+
BLAETERR (GPP) FIGE Fmi 4k G W I T A4 02 e I ik
FEWEIR (FPP), AR5 23 i 75 S ms AR ~F ik A i 1 i
AN SR L N AR R oY S 2 N Y RG] IR



634 GRAENE $55

P450 1§ (CYP) %55 EUMEEII1E R IR 4Eith 2+
MImERAEY B BRE RS, R R
O TR SN RN Y o AT A3 ) DARE A 45 A
IR, A28 Al S R o P R DL &
it/ SR P 288 18 0 R TR AR ) ST 9 o
1.1.1 A FR R B0 A4 & i 12

T4 (Santali Albi Lignum) SNIE & BUEYIHE &

FAFR O AR H v B R . M RO R 2
RO oy iR &8, FEAFE: Z/E-o- &
(Z/E-a-santalol) « Z/E-B-f8 7 I (Z/E-B-santalol)
Z/E-epi-B-TE#iE (Z/E-epi-B-santaloD) « Z/E-exo-a-
FHIT B BE (Z/E-exo-o-bergamotol) . o-1E & /i (a-
santalene) . B-18 7 /i (B-santalene) . epi-B-1H 7
Ifi  (epi-p-santalene) F exo-o-7F 1715 M (exo-o-

(Santalum album L) TG00 s $8 M2 H 2455 Hrp, Z-o-f8 & B Z-B-1E & BE

bergamotene) ",

iR, BAMERY. P, PE. PiE. fUR AU B,
o o DL B i D R S G B E M B A M PP 218 7 45 5 A = ki B o0 B AR P06
AR, TNHRARBIER25F 0L, A REN For AP (B D,
MEPi& % MVAig (_\tnphr.m
pyruvate+glyceraldehyde 3-phosphate 2xacetyl-CoA
DXS AA(,T
deoxyxylulose 5-phosphate acel.oacelyl -CoA o-santalol f-santalol
DXR I!MGS w
methylerythritol 4-phosphate 3- hydmy i
S e methylglutaryl-CoA
MCT epi-fi- santa]o] exo-0-bergamotol
g : HM(JR CYPS
4-(cytidine 5'-diphospho)-2-C-
methyl-D-erythritol mevalonatc
CMK lMK
4-(cytidine 5'-diphospho)-2-C- mevalonate- 5~phcsphate u-santalene PB-santalene

methyl-D-erythritol-2-phosphate
2-C-methyl-D-erythritol- mcvalonatc 5-diphosphate
MPD

2 A-cyclodiphosphate epi-p- Santalene exo-o-bergamotene
HDS aSS},
1-hydroxy-2-methyl-2-E- > lPP
butenyl-4-diphosphate u DI
HDK DMAPP
OPP

-

DMAPP=—= [PP
IDI E.E-FPP

Bl A B B AR AR
(DXS—1- Jit 4 -D- Al ¥ -5- 5 R 5 s DXR— 1- it % -D- A i 0% - 5- 5 O J 7 K B s MCT—2-C- W 2 -D- 7% 3 7 -4- T4 TR L F I % 25 g
CMK—4-(5"- SRR 1 )-2-C- 1 2 -D- R S B Il ;. MCS—2-C- U EE-D-JR B FT-2, 4-FF ARG & Bl ; HDS—1-3%8 56-2- FF 3L -2 T s -4- FE
PR 4 Jill s HDR—1-F23%-2- 3L -2- T M -4- SR RERRIE Il s IDI— 53 MG BE A BRI 7 Ml AACT— 2B B A IR RE e R B8, HMGS—3-%%
H-3-HIEE I " WE ARG A A R HMGR—3-303E-3- R [ W4 A 0 MK— HURR TR NS : PMK—BERR PP Fe MR I MPD—#&
IR H 2 LR I AR )
Fig. 1 Biosynthetic pathway for the production of sandalwood oil

(DXS—1-deoxy-D-xylulose 5-phosphate synthase; DXR—1-deoxy-D-Ixylulose 5-phosphate reductoisomerase; MCT—2-C-methyl-D-erythritol-4-
phosphate cytidyltransferase; CMK—4-(cytidine 5'-diphospho)-2-C-methyl-D-erythritol kinase; MCS—2-C-methyl-D-erythritol 2,4-diphosphate
synthase; HDS—1-hydroxy-2-methyl-2-E-butenyl-4-diphosphate HDR—1-hydroxy-2-methyl-2-butenyl-4-diphosphate
IDI—isopentenyl pyrophosphate isomerase; AACT—acetyl-coenzyme A acetyltransferase; HMGS—3-hydroxy-3-methylglutaryl-CoA synthase;

synthase; reductase;

HMGR—3-hydroxy-3-methylglutaryl-CoA reductase; MK-—mevalonate kinase; PMK-—phosphate mevalonate kinase; MPD-—mevalonate
pyrophosphate decarboxylase)
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A55/Pq-PPT-6,20-O-UGT f#1L PPT [t C20 i 2 J 4
B, ERASEHEHFLT; MG, PgUGTTIAS
4/PgUGT71A55/Pg-PPT-6,20-O-UGT #iFik NS 2
HFLCohifpdk, MAEANSEH Rgl ™. £
%@, PgUGT71A54/Pg-6-O-UGT 14k PPT )
CofrF2 B W R, M AZS B R #E— P HE
PgUGTT71A29 (AL R, KA C20 A $2 L b8 24k,
AN S B Rl 7. A, AZREAFRhLIET]
7 PgUGT94Q3/PgUGT94Q11-V3/PnUGT94Q14-V3
LT, KAECohEREML, ERASEH
Rf" (3),

7 DA bRl BE S o B v, UGT94 52 Ik 1 i ik
MR T EEAER Y X SR R )
1 5 R E N 2 8 AL A0 (%) 256 DR AL P A 1 RS 0 A 1)
PG, HE DN R RE SR VR T HR BE S AT I R AL
(duplication and neofunctionalization) .

122 #ERZFERS BN EDERER

WO ON B R W R K [Astragalus
membranaceus var. mongholicus (Bunge) P.K.Hsiao ]
B B [ 4. membranaceus (Fisch.) Bunge] [
TR, HAWTRE . 28 1 2R DL 7K i
FIR, RANTEL . R R
Fef =wi R, FEAFEEEE |~ M RH
BT (isoastragaloside) 1. IIATIVE: ", -y
Tr S5 R U of B B = B I AR g AR

T TR AGWE T . I8 Ik 75 M R0 B BF A 24T 5
PWRE, MWEIEEE P EE 7T AE I
AmOSC3 (A&l (K4), JERHFRIA
K RNA Tt (RNAD Lot —Hirsc s 5178
KEHMNEYA K. AR — AR IIRE ALy
VFN, iz F R4 RNSIV G, BEEHERE.
A, VN 3 5 0 o Ath 24 4 % I 2R Ak il 5] 4 3 22
T E KR (%) 28 Fe R G i LjOSC3 AN R T 1 Bl
H B A B APENT 77, MR SE B & CLRAE 4 4
AL IR B EE  (cycloastragenol) H J& A6 A& 117 1 %
B . AmGT8 T A A 5 B C3 1 C2 fr ¢
BLRERAL, AR ROOURE P . dd i R YR AR A AR A
X, RIFLIEME O 4 XM R XA
(T19/V87/M126). X3 B (A394). Xk C (S156/
P192) FIX4H D (S100/S129/T131/G203). @it}
MVt dug, R4S 7 R alEdL C3. Ce R C2’
K7 ¥2 B IE AL 1 92 A5 B P192E. A394F F1 T131V;
HHFFH T131V 1 A394F RAFRE, LU T HICE
HMAEEETNHER (FH ™. 4mGT1 f
AmGTS5 ¥ N 3-O-WE L %l (Bl 4) . AmGT1 %}
UDP-Xyl #4514, I B 88 [F i R ) UDP-Gle
S0 PPN A, 2 COrgtE MRS 2=
ki Bl L FE RS W . AmGTS % UDP-Gle & £ 7% 5 & .
M CATRE R R 1 51, R ILLL UDP-Gle
VE R BRI (18 B EL R B 146 A1 2 EE RN T/P/G,
T LA Ath B3 (1L 4% DAy TG 4 1100 0 ik % % I £ AH S 7 B
R R A A/V/S. [R]IE AR 43 0 43 i R
7~ AmGT1 [P G146 1] fg 2 52 Wi % UDP-Xyl Al
UDP-Gle i #51% . Jlid E iR, REWANSE—
P P A R I B RS B AmGT 1Y F1 AmGT1°, DA
J =A™ R 2 5% UDP-Xyl Ml UDP-Glc ] ¥ 3 5 7%
filf AmGT1S, AmGT1" Il AmGT19*, Hrf,
AmGT1 Fl AmGT1"Y" DL 3 3% B BE N K ),
M AmGT19M™* DL BE 3 B BE-6-0-B-D-H %) bE &
(cycloastragenol-6-O-B-D-glucoside) A& (K4 ™,
AmGT9 RE i 6 3 35 1 BF C25 {7 F& J& 1 Bl 5 1k
(B 4), 2 A REWE S A PR o do 21 — i 0] e
PIpEE ARG 7. H A B H AmGT1/9. AmGT194Y
AmGT19" 0 AmGT8 M AmGT8, I £ ik 13 Ff
AP o e R B R T B, R SR A A B
MEEH B S E T R S B AmCAST L
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Fig. 4 Synthesis and glycosylation of astragaloside aglucones in Astragali Radix

4 REREL RS BE AMUGT15. AmUGT14. AmUGTI13
M AmMUGT7 (E4). X4 MWL RO 7 51l
W R G 3-0- KA . 3-O-% % Bl HE 1k
25-O-H & Hl B AL /AR BB RS AL AN 2-O-H B R Fe Ak .
HIE X A FIpE R L RE G, KGR B R RE A A i
KEHFI~ VAN ASEEEEN (K. K
WEEAL AL, 2R B R LS B X
T T R Y S T R R A R T AN YR

i T R R RS I AmATT7-3, Al AL B RS R
IVACHE ) 3 F0 460 KA OB, ARGk 1.
WA I (cyclocephaloside 1) F13-0-3",4"-—
£ 32 -B-D- ML I A 22 -6- O- B-D- bt e i 26 % 22 -2
W (3-0-3', 4'-diacetyl-B-D-xylopyranosyl-6-O-
B-D-glucopyranosyl-cycloastragenol) ([ 5). 735
KEHFIMAREHEISA KB ARKEH
(astragaloside 1) (K 5). HT AmAT7-3 iF 4 148
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& OH

3-0-3' 4'-diacetyl-p-D-xylopyranosyl-6-O-p-D-

glucopyranosyl-cycloastragenol
\mAT?-S

HO OH

OH
isoastragaloside Il

AmAT7-3
AmATT-34106
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AmATT-31310W
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OH
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2!
HOT ™7 07 S
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E5 ISR RN OB
Fig. 5 Acetylation of astragalosides in Astragali Radix

PR30 () S 1 i AADAG AR RN, BRI 48 4% 1]
WK, FEEETT B IR M R, 2kt 8
WAL ) AL S N o FE T, T I
THERE A R A310G FA310W, 4 5 fE4F 5+
P H BT IV C3-0f C4'-0 L (- 5.
EHHT, AT A IAR s 21 28 3 R ) AL I 72
B AR R BT A& R TS I A

1.3 EERDSUADHNEM SRR

S VE 2 W T2 B AUy (W

FRE. EEULABRS . BB EWETES
w7, GRS MANARMARES. A
IREG G (CHS) ARSI T B2 e 4 B A
475 G LGS A AR B REI A ™, HE
R TN (CHD fEGE/REIR G, A s
E TEX AL /IN DS el IR Nt~ | TPy
EH IR Al (FNS) . & ¥ -3-2 1L (F3HD
BRSO (IFS) LT, 2 e 4k Bl 3 R
KWEW. A EWEE RS YT Ei KA
Y. b, TP I 2L A WD ALE TR RS
(FLS) AL T A5 Fl 3 i e
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1.3.1 RSB E R RN LY B R IER
BERERKEHSY, DERREYES
(Scutellaria baicalensis Georgi) W TR ANZ), H
FIGHEIE . 75K i LR 2% Thak ™,
AR AT FL LW, B RA PR P 5
P g UL B R AR AE B B 2R R A N
B E LGRSy, Hhas —REEEEY
FEE I 4-BAEEE Y. X REE LSRR
S FAEFEE S (baicalin) . ¥ X% (baicalein)
WA (wogonoside) N EZE (wogonin) LA
MR FE LR (norwogonin) %5 ", %K
PRAPAS [F] 3 A2 B B R S kg, B AE b B 43
1) B 220 3 AR ) & AR DA AR 51 1) 4 I 4R 3 P
G EEE (Fe) ™. Bk, KHNEAREKRNA
AMfrEl (PAL) ML PN ARERR. B
Wi, M RAE T SPPALL. ShPAL2 il ShPAL3
=ANPAL, JpalfEZE . MR bR IA K s,
HHAE AN [F) 2H 25 vh 2 25 SR FH AS [A] (1) PAL B 56 1% Y R
B A e FEdh B AR R, RIEERR
EAERR -4 FRALEE (SPCAHD . 4-T 5 Ih 4 il A %
el (SbCLL-1). #/RFHS Kl (ShCHS-1). &
/KBS (SHPCHD ANSERR &8 (SPENSIL-1)
JBF AL T, KIRE 4-F SR (4-coumaric acid) «
4-F G A (4-coumaroyl CoA) . Al 7 & £ /K
fifl (naringenin chalcone) Al#i i % (naringenin) ,
AT R (apigenind; 5, SRR PR
FAL AR FALTE BT I8 5 2% (scutellarein)  F1ET 3
X (scutellarin) 54k &4 (B 6) ™%, fEMRH,
WEERR AN B AL i 4-F SR, T A2 AE R EEBE 4l 1 A
RN (ShPCLL-7) ML, B 54N A 7%
A R EEE 4 A (cinnamoyl CoA) ;s [RIAE Ik 4t i
ATETFFA R TR ER & Bl (SbCHS-2) A1 SbCHI )
AT, E R4 A A E T R
(pinocembrin); FrFA K E SHENS I -2 FfffL T, %%
e 4-BAE B A% (chrysinds EH# R C6
A C8 73 AFE TR 6-F2 LB (SbF6H) FlETHR 8-F24k
filg (SPFSHD HIMEH F R 2RI, A 55 2 A 2
NSRS Wl 8-0-F R E (ShFS
OMT) fEEHPIEHRI CRAFRILTIANHF I, 4
LT ER s A IR e 7 T SPUGTS8DI16/
SPUBGAT M 4k 35 %= F RIDCEE % 5 1 7 7 O~ &

i R 4K I N, oy I AR R B 2 R B A A
(B 6). BE el oy A A i AR
PRV A B B R 22 S 3 A ) LR YA
132 EFES0E KR A A b R &R
FRpEEAL AN L PR b, SR M i A T
KA WA R WA . ARV S S 2k
R RZ R08or W: VRERE TR R R AT
G FAEERAEITE) P EEERNE
WikRE 2, (PEZH) (2020 4FfR) Wk ) &
fFE: NBERVEYIEEE  (Epimedium brevicornu
Maxim.). FKEEEE (E. pubescens Maxim.) . i
ME=EE#E (E sagittatu Maxim.) FIFIEEEE (E
koreanum Nakai); MAILEFFE (E. wushanense T. S.
Ying) ARGy — A EAr . pLA, AR L
(E. pseudowushanense B. L. Guo) % FHAE R v ¥G 7 5
W EEFERZM M7 IEZDE R A D B,
T R 2 24 B oy B ) AR B O A
Ay Edr (B 7. Hrd, MR R 2 M B 2 1
Al I FR S Y ) 5 A A A BOR AR SR 4 — 3
Bl 40 . FE R E B E T RN AR A
(EsPAL3). WH:FR-4-F24LlE (EsC4HD. 4-7 Gt
G A EEN (Es4CL) . #/KE & 8 (EsCHS)
AR A (EsCHID) o Al B 38 20 38 Joe i 3-
FeAulE (EsF3H) SRR &0 (EsFLS) JiUT i
1 C3 2 B4k DAL K& C2 fl C3 LA, kLl 2%
(kaempferol) ;5 [ I 3 ¥4 F2 B EsPT2 A = 44
HEA L 25y C8 AL ) e I B Ak, A il 8-t I 2
I 5 My (8-isopentenyl kaempferol) , % {t 3 ik 3|
65% " (B 7). EsPT2 t A 4k 1L 2% 32 10 57 I 0
HAb, EREFEEZR (caritind, SR HEN
8.0% (BI7). XALIREY: MLREEEFER
(AL R 2 S fE C8 AL M B Ak, J5 R A C4'fL
BRI P HAT, MRS E SR E P AL
8-S I I Bk 1Ly 25 Wy C47 A 52 ik R Ak i) R L B %
B, {H2&, RIAKE [Glcine max (L.) Merr.]
) GmOMT2 "7 UL K WA U 157 (Mentha xpiperita
Linnaeus) ] MpOMT4 ¥ B ik 4 1b 36 4 .
i # 75 pH A 8.5 B A 3 e iy (81.1%) 75 T J&
BRI AT T HA I RS, 78 BRI
(pH 5.0~5.6) HX 8-J M 5= L1 25 My F) 8 A %2
LFT76% . BJE, TREE RS PR
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W
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Fig. 6 Biosynthetic pathway for flavonoids in S. baicalensis

TERIR, RAEBEEA . SRR L 5 b R R 5
T2l EpPF3RT B A I 35 1) X 3y e 4 R0 B 25 it A4
e, A RRRE = M 7E 8-S ) ik 1l 2% 1y A 2
EERM CIAL RIS NN, 2 A B B
(baohuoside) M FEFELHF I (K7™, EpIGT1E

EEW I MCTARIESI NN, AR EEET
(icariin) (K 7). Ep7GT BAWEREMARZHEME: DA

KW T NPEREZARNT, Ep7GT nl 4252 It b JE 44t
4 f, 5 UDP- K #% . UDP-N- 2. B & JE % 7% 4 F1
TDP-% % # s DL 2 11 V5 Z kB, Ep7GT



%£5% www.synbioj.com 643

o] 0
.
OH ESPALS @/\)L OH ESC4H /@A)LOH Es4CL @/\)LSCOA
B HO

phenylalanine cinnamic acid 4-coumaric acid 4-coumaroyl CoA
EsCHS
”/.( e ”‘
OH O OH O
kaempferol dihydrokaempferol naringenin naringenin chalcone
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*E}JPI“B RT E“V +L'11-G(_i'l b
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Fig. 7 Biosynthetic pathway for flavonoids in Epimedii Folium
AT (ORI (L AS UDP-TATRE . UDP-ACKERN  E IZE 5 (epimedin) A AIIZEE B (J7) ™,
UDP-N-Z BB ENE ™ AILTR LR PINAE  HAT, WORRAEETE FEH C3 A M 2 pl 5 ik —
SR B EwGGTa M EwGGTb W] 73 AL IE EFE T B SI N R ZRERIME L L RS G, 1208 1O A L R R
C3 i SR A=Wl S ik — 00 R AR A A S AL AR AL, RS T i FU A E A
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1.4 KEERZDSBRSBHRENEMIER

*HE?%*%E%%/\CG-Q%fBE‘J%é%,
T ARG AR Y. WA RITZ i C

MIC8' M, WAFE ZRMM =K EEY) . 7|<
JERBNEYRMER . ML TR 752
WA S ANy . e, BOBE AR KRR
RIS BT FEECNIR N o
141 MBARKNE F L m oA £ & M ik 2

W EMS R FAWE (Isatis indigotica Fortune) [+
B, BAERGER . w R TR, IRk
TR AT M EE R R R T R

T, RERPURFRL B ARBRENE
Yy, FEAFE: JEHIANERE (lariciresinoD . JF¥H
SEVE M FA R EE (secoisolariciresinol) « V& M i %
F LA HB 2% 7 B (clemastanin B) 5. HAl,
E‘éé%zliﬁtr*ﬁTﬁ@}ﬂz’\E@i%Aﬁkbé (8.
55l RS A A R R AT DA, RN &R
R ARRRENE (LIPALLAILIPAL2) HIPEERR-4-
BAGEE (LC4HD) AL N AR 4-FE]R (B,
AR, 4-F B IR 7T 40 9 4% % 42 A6 b A 1
WKk AT UGN A RN (i4CL2)
AT, BE4-FEBMETA; 4-F S BLAEG AE

HoN O ppALl O
TiPAL2 / liC4H / .'r4CL2
OH —> OH — HO SCoA

phenylalanine cinnamic acid

0 iccR 9 O [iCCoAOMT
s / o

coniferaldehyde feruloyl CoA
4’ TiCAD o

—0Q OH peroxidase/Laccase e .
HO@_//_/ IiDIR1/IiDIR2 o . it

coniferyl alcohol \ @ H
@]

HO
(~)-pinoresinol

IUGTI1 VJ'UGT?]Bsa

IiUGT71B5b
0-Gle 0-Glc
0 o)
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O . ] P O - .
— 0 -— (@]
S IIUGT71B5a & A

A H \ \ H

Yo Vo

Glc—=0 HO
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H
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lidCL3
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/ e
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HO
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* IUGT4
O-R!

@O
Ho ) 3
HO” T\

g

H
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R*-0 R'=R*=Gle: clemastanin B

B8 HRIEHRAE AR BRI AN & B4R
Fig. 8 Biosynthetic pathway for lignans in /. indigotica
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PEWEEBEBE (LHCT) & 28 -3- 2 10E
(LIC3H) LT, &rhlalfk 4-F G BEIE R IR IR
A O EBE S A Ccaffeoyl CoA):  WIHEF 4 Bl A
ALY (ICCOAOMT) Al P ik 4 i A i
JR B (LCCR) T A 3 255 F A0 A Ji e
AN (coniferaldehyde) (P 8) M, FEZE —
&g, B LCIH BRI 4-FGRR, 1520
Bz s SR 5 1E LiACL2/3 UL 2 liCCoAOMT 1L T,
5B A BRI H A0S IR BRI A S A TiICCR
AL ZLBE AT A (0B, AR A A EE (B 8) 1Y,
B DL B SRR AR AN, TR K 2 HUE Y b A7 e 5 =
A AR BE IR AR B TR HE R A B
iy (COMT) WAL, WHEER L AL 9B 8RR, i
—PAE ACL (AL T IE A A A2 BB BRI A 5
i JG CCR M 1k BT 21 9% 4 B A 38 J5, A= soda A
fig Do i T H TR A R I COMT, A it
e BAFIEIX S BE AR M AN o A RS 28 1R A T e
Al (JICAD) A, HEMANRRI AT NS
YIRARAEE (coniferyl alcohol) "' 2 43 7 KA A1 i 3
SUREN:: B ENEYSINAEND'Y i MRS NS = 2
EWIFANREE (pinoresinol), XU N A N it 44
WA BB MEL 5E Rk, dirigent 28 (AT LRAE OB Y
SEARERREVE . MR S A N K IR B 2 Y e
7 19 %k dirigent & H gm S SR K], 78 AN BORAR At
FIEXLILER, I LDIR1 A LIDIR2 () 04 % B 1tk
MR HE ()-FANREES B, UEBH 11X 5 NERAE S AR 3%
PR ) 7 T ) SRR . R BRI A i A TR
B (LPLR1) 3 2L A Fa 5 5% 1) C7-0-C9'F1 C7'-O-
CO Bk (1) FF 2L, A= ¥ M FA REEE (lariciresinol)  #1
TF 35 5 7% #A BB B2 (secoisolariciresinoD) (8] 8) .
IiPLR1 A1 APrR1 (4UL g 7 () #A IR B3k SR ) ¥R
TR A FR AR DO R A A Y L
80T, 7~ T HPLRIPIMEAHLE "7 LGPLR1 f#
A R B 1) TF B0 S % WA T B A0 1) o R A 4
FAMGEEII 45 6 . V& RS IR B IR 2E B 8 A IR
(IRETB. T WA I B 1 &5 & DA RO 26 53 98 i A IR
W B AR o B I A IR T AR S R A 21 4k 2
WA ST i AR IR, AR TR F 4
EE . MXET LPLRL, APrR1JEM S & 0
4525 W) BE /N 3 LR 1R 33E N A B T A 4 o
UG BELAS TR JCHE T 78 i s T T I O NS 1 1 4S,

ANBEHE — 20 IT I AL BT PA e i A TG I o 4 o il
) B4 loop 1E JiE #/7 W) LA K i Bl 7 NADPH/
NADP I 25 & 5B h k4% 7 RBEIEH . Bflok
WF, B4 loop 71 5115 NADPH, Jf HIEKW4 &G
Eai K4 G . B4 loop L1 98 fir 28 3 g bk 2 2
= 500 B4 loop FI#EZN, AT A I £ % 1)
FHK o A8 APIRT AR FREK [1) N98 R A% My 14 4
BN S98 (5 LPLRIMAFD J&, ArPrRIMSH A4
TEIR iE R RRE . B BT, MR RAE TN S
RIEREEWERAH KK EREZE. K,
TIUGT1 2 FEEALFA IR 1) - S L R g, W] e
i 5 I -4-O- 7 %) §% HF  (pinoresinol-4-O-glucoside)
MIFAHEIE -4, 4'-0- — 4 & BEH  (pinoresinol-4,4'-0O-
diglucoside) (&8 "; UGT71BS5af1iUGT71B5bIA
FEE AR IRRE R ThRe, A& 7 AL AL IR BT -4-
O-F % W HF A R BE-4, 4'-0- A & HEAF, J5H 1
BEF b IR -4-0-F & B (IR 8) ™™ iUGT4
15 I RS G B OB Ak, R AR TR A IR B -4-
O-# % FEH  (lariciresinol-4-O-glucoside) « 7% M #2
Jig B -4'-O- 7] %] ¥% ¥ (lariciresinol-4'-O-glucoside)
MHEELETB" (B8,

1.5 SRSV S BHNEYEMIER

1.5.1  J A6 £ Y a K R Ao AR A4 & g2

AR A AR B Y B (Atropa belladonna
L) MFes, gt (hEZAM) . Bjhit i
VIwe T R 2 Bk a2y, B an B v B AT
Hi A IR B DA SR 1 s R AR . X e T 2
7z F T B A 3 ST LR R AR e mi
() 3 B2 RNy AT S e R AR, AL B
(hyoscyamine) FIZR Bl (scopolamine) 5. FE
s Jot A2 D EE A it AR L TR e e R S AR B R
T A 88 ok 5 A8 8 s 8 A Ko

(D FERMEMEBES (B9 @il e
A ERAR i R S Z R R B (ODC)  BOkS 2 R it
g (ADC) [RRE S E# 155, BL L 3 B ODC A
ADC BRI 15 /K- S48 i ot AR VDI 2 2 ) QR Ak
iE B AbODC 7E T it I A W) A ke 32 AR =Y
AbODC {1k 5 2 R I F2 A= i J % (putrescine) s
JE N2 J Ve N-FR LRSI (ABPMT) A N-HYJE J i
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