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Abstract: Since the weak research basis on metabolic pathway and regulation mechanism of medicinal plants, obtaining valuable
secondary metabolites from medicinal plants by metabolic engineering technology is seriously impacted. Alkaloids are nitrogen
heterocyclic compounds in medicinal plants, which have pharmacological effects, such as anti-tumor, anti-microbial, anti-hypotensive,
spasmolysis analgesia, etc. It is valuable for optimizing the germplasm resource of medicinal plants and their sustainable development
by using metabolic engineering methods to influence the metabolic pathways in order to increase the content of secondary metabolites.
The synthetic metabolic pathways about alkaloids of medicinal plants were reviewed in this paper, as well as research methods and
regulation strategies, for giving some references to relative studies on alkaloids from medicinal plants.
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Table 1 Some types of alkaloids and representative medicinal plants
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it A H¥ G (MVA) o{ 2-C-H - HWHEE (paclitaxel) 2.5 A2 Taxus chinensis
D-7REEHEE-4-B5 R (MEP) A% (dendrobine) F 8t Dendrobium nobile
AW (wilfordine) WA Tripterygium wilfordii
LR/ BRI (tryptophan) KM (vincristine) KA Catharanthus roseus
FIfL~F (reserpine) B 5K Rauvolfia verticillate
#iE R4 (indirubin) L& Baphicacanthus cusia
EMBE (vincristine) B Camptotheca acuminata
AR B Ophiorrhiza mungos
LR Nothapotyes pittosporoides
SR A: Py %% (tyrosine) e (morphine) BIE Papaver somniferum
/NEERS (berberine) % Coptis chinensis
M Phellodendron amurense
— 3%t Berberis amurensis
B AP 5 R o AR (ornithine/  HZH, (hyoscyamine) Wil Atropa belladonna

arginine )

KM (scopolamine)
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SRR A K PP, 2 258427421 IPP W] #E IPP 57
PR AL R A2 L R 4 ¥ & DMAPP. IPP &5
DMAPP i 3k R 45 4 1 7 AN 7E B IR & - 1 i
(GPP) & Bl AE FH T 4B it &4 GPP, GPP
AT TE BRI SR B AE R T s S AT A5 GPP
5 IPP BT AR HBib &Y iR &AW
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.hk 1C¢ ac1
. lmm;;d pyruvate G-3p acetyl-CoA
oY AACT
shikimic 3-phosphate v DXS acctoacc%yl CoA
v Di{PDXR | HMGS
, Cs MEP hydroxymethyl-glutaryl-CoA
chorismic acid v MECT
" \L]AS . iMECS mevali)nate
anthranilic aci HDS MK
v HMBD mevalonate phosphate
. l IGPS \L IPK MDC 1’ MPK
indole -3-glycerol phosphate ‘ IPP =—=DMAPP |<— mevalonate diphosphate
TSA
indole ‘L GPS
TSB GPP ------- > monoterpene
tryptophan ‘ GGPS
| TDC v FPp — GGPP ----- > triterpene
tryptami?e seca]o#anin ¥
1 sTR .7 vindoline paclitaxel

Iﬁ Viﬂblzllstiﬂ.ﬂ

. \If .
vincristine

strictosidine  -7” )
ST > cantharanthine

\-A . .
ajmaline

SK-FFHIRME CS-/r X MREM  AS-APEIERX TG M  IGPS-W|WE-3-BERR B G i TSA-CER G S o TSB-UEIR G S B
TDC-5 MR BREG  STR-FHIZHGEF  DXS-Ji RTINS -5-BER & A DXR-Ii AT -5-BE R R B MECT-2-F 3&-D- /R 6 55 -2,4- 3
IR RS MECS-2-FR:-D-FR e RE-2,4- 0 AR A G HDS-FR0 B T d-4- R & il IPK-5 G2 BRI GPS-— %
PR A & Rl GGPS-HMBERR A IR G Rl AACT- LMk IG5 HMGS-3-2845-3- AL R “BE4lG A &R MK-H
BRI MPK-FR R IR BRI MDC-H 2R 5-BEIR Tt R i

SK-shikimate kinase CS-chorismate synthase AS-anthranilate synthase IGPS-indole-3-glycerol phosphate synthase TSA-tryptophan synthase
alpha TSB-tryptophan synthase beta TDC-tryptophan decarboxylase STR-strictosidine synthase DXS-deoxy-D-xylulose-5-phosphate synthase
MECS-2C-methyl-D-
erythritol 2,4-cyclodiphosphate synthase HDS-hydroxymethylbutenyl-4-diphosphate synthase IPK-isopentenyl pyrophosphate kinase = GPS-glycerol

DXR-deoxy-D-xylulose 5-phosphate reductoisomerase =~ MECT-2C-methyl-D-erythritol 2,4-cyclodiphosphate transferase

phosphate synthase GPPS-glycerol diphosphate synthase AACT-acetoacetyl coenzyme A thiolase HMGS-hydroxymethyl-glutaryl-CoA synthase

MK-mevalonate kinase MPK-mevalonate phosphate kinase MDC-mevalonate diphosphate decarboxylase

1 TERGIREMERHEE BEETEMRESE)

Fig. 1 Metabolic pathway of terpenoid indole alkaloids (dotted lines indicate a number of reaction steps)
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HEERENE (4OMT) SERERIfE LA R 300 5,
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L-tyrosine

L-dopa
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TYDC-FE RN NCS-EH 52 4E M 60MT-6-0-FIELEHFER  4OMT-4-0-H I FR  BBE-Hi/NGETHAE
TYDC-tyrosine decarboxylase NCS-norcoclaurine synthase 60MT-6-O-methyltransferase 4'OMT-4-O-methyltransferase BBE-bridge berberine enzyme
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Fig. 2 Metabolic pathway of benzyl isoquinoline alkaloids (dotted lines indicate a number of reaction steps)
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OrnDC-ornithine decarboxylase ~ArgDC-arginine decarboxylase PMT-putrescine methyltransferase MPO-methylputrecine oxidase TR-I-tropinone

reductase I  TR-II-tropinone reductase II H6H-hyoscyamine 6-B-hydroxylase CYP80F1-cytochrome PSOF1

B3 REREXEVEAHPER EERTETIRNER)

Fig. 3 Metabolic pathway of tropane alkaloids (dotted lines indicate a number of reaction steps)
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ERE 2.5 51, B RIL AIWRKY] [
FER i — HJEMG ik (thebaine) B4R 5 1%; HEKEF
e BRI IE CrMPK3 ff serpentine H4E 5 3.5
fi5, fixZ R (vindoline) EHEmE 2.5 514 7EMH
HEKFLF T RIE MYC2 KX TR KR
ik K )R A RO, R g Rk
ORCA3 5 ORCA3 #z#il ({1 3 5 G10H f T4 i K
FANK T F G B OSCR P fE R AR e
Yy St KT AP2/ERF A1 MYB 6 5 H A= Wi &=
HnBA, Rk, MREKE BN, I
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T TARI FRIE/KT- A 42 15 5 i R 2P, AL
JW B R B A D I S IR T s e it s v O A Y,
ERLG, 45 B e i 6 K B IR O BT 50T R0y
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ELREIR, W=F YRS A &, m
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