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Advanced research achievements of ginsenoside
biosynthesis and production technology process
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Abstract : Ginsenosides , the main pharmacodynamic components of ginseng,had an excellent prospect of medical application.
However ,the amounts of natural ginsenosides are extremely low to meet the high demand of medical care. In recent years, with
the rapid technological development in life science,researchers have characterized the key enzymes of the ginsenosides bio-
synthesis pathway,and have improved ginsenosides production through regulating these key enzymes by molecular biology ap-
proach. At the same time,they have introduced the key enzyme genes into tobacco and yeast cells to construct the heterology
ginsenosides biosynthesis pathway for enhance the production of ginsenosides in the pharmaceutical industry. In this review,

we summarized the recent researches about the key enzymes in the ginsenosides biosynthesis and ginsenosides production by

latest technologies.
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Fig. 1

Biosynthesis pathway of ginsenosides in Panax ginseng.
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B 5 N Z: TR i s IR 2 =R il s AN 38 PASO 5 SFPHIURAR; IR S 15 RN 2 = UDP-MIHERE A8 il s A2 217 . Note: Glucose; Ace-
tyl-CoA ; HMG-CoA ; 3-hydroxy-3-methylglutaryl-CoA ; HMGR ; 3-hydroxy-3-methylglutaryl-CoA Reductase ; Mevalonate ; IPP ; Isopentenyl diphosphate ;

DMAPP; Dimethylally diphosphate ; FPS:Farnesyl diphosphate synthase ; FPP; Farsenyl diphosphate ; SS:Squalene synthase ; Squalene ; SE ; Squalene ep-

oxidase ;2 ,3-oxidosqualene ; 8-AS : B-Amyrin synthase ; 8-Amyrin; DDS: Dammarenediol-II synthase ; Dammarendiol ; PPDS; Protopanaxadiol synthase;

PPTS ; Protopanaxatriol synthase ; CYP ; Cytochrome P450 ; Oleanolic acid ; PPD : Protopanaxadiol ; PPT ; Protopanaxatriol ; UGTs ; UDP-Glycosyltransferases ;
Ro,Rh, ,Rc,Rg; ,Re,Rg, ,Rf,Rd,Rg,
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Fig. 2 Cytochrome P450 catalytic hydroxylation ginsenosides.
1 : Dammarendiol ; S5 ¥ 4% % ; CYP: Cytochrome P450 #iififl {4, P450 ;8-Amyrin :8-7F Z # ; Oleanolic acid : 574 AR ; PPD : Protopanaxadiol JFLA
Z: % ; PPT; Protopanaxatriol Jii \ 2 =i
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Table 1  Classification and glycosylation of common ginsenosides
NS RBEFLER e Rl i Type of sugar base
Type of ginsenosides General structure Category

R, R, R; Ry
R, 1 Gle - Gle Gle - Gle - -
oG R,2 Gle —=Gle  Gle - Ara(p) - -

S T g Ei0| RO N N
IEF LR PPD A 1T R,3 Gle—Gle  Gle—Xly - -

Dammarane PPD type
4 Rh2 Gle H - -
-

RO™ Rg3 Gle - Gle H - -
Rd Gle - Gle Gle - -
F2 Gle Gle - -
CK H Gle - -
Re Gle - Gle  Gle - Ara(f) - -
PPT #Y PPT type Rg2 - Glc — Rha H -

Rh1 - Gle H -
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%% 1 ( Continued Tab. 1)
WA
NS AT k= [HiES Type of sugar base
Type of ginsenosides General structure Category
R, R, R, R,
o \]/ F1 - H Gle -
Rf - Glec - Gle Gle -
Re - Gle — Rha Gle -
Rgl - Gle Gle -
JEs ]
TR RO Gle - Gle - - Gle
Oleanane
ROA Gle - Gle - - Gle - Gle

7 Gle: #j%0 ; Ara(p) Ara(f) : FTRLAFIBE ; Rha: B0 ; Xyl : AH

Note : Glc: glucose ; Ara(p) , Ara(f) :arabinose ; Rha; thamnose ; Xyl : xylose.
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FHTFH MeJA | G FI 2 UM 2 46 4 e 28 %
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AN A SR BRI L Sk —
LR BF BB, X EIES H Tl RN
IR R (S — Fh 5 LY P00 35 U0 A0 56 (1 1l )
KNS RIFRED AR . REFEFH T,
MeJA EHHEEE S AS UL M FRIR R
NS RAFA IR0k F T Wang 250 047
T MeJA X AS A EMR G IR0, &5 X} i
AHEE SE 1 DDS FER ek L, BB 1 = m i hn, U
S 10 mg/L MeJA $54% 24 h N SR AT & &5, 2
Xt BEZH (14 4.76 %5, Kochan 255" K BAE A S BIRMR
BRI MeJA, nl N2 BAF Y & ke b
SS LN By FIk, I Ha s A8 SS F MG s+
TEE MeJA OPE R GHE. BF5E & B0, JA AR DI dL
PR SCHAVE NS 520 T 0 MeJA ORI fig
FSEAE S A N JA T AR AN, JA AR
BT AS BN E I, =t AS
RBAF Rb1 F1 Re3, Uil JA fE A —FL2 B (5 S TEAS
BAFEYE P R EE TR S
1o R TR 1 B S A A 328 380 AN A% DY, S e S TR
T (45 WRKY 1 MYB) , J&@# A\ & B H AW & Il
I 1235 REIESH W AR A S
BAHMASERAR, X5 A S B A
PR Ko X AS BAT YA G 45 Fh S S I
KR ARG, 854 R T M 45 A R R Z XA S
BAFEFHRHLEL
2.3 BEEEEY

JUETEH L S QMR IR X A S B4
B RSCT K BB ST, B PR R AT A X AR A
AR TR SR A PR R AR AR (4 5 — B A 5K
BRI, A A T B AT TR R @ A A AR T
T2 RS R A KA A S B EH I, W
FIFA SRR IR R 38 2 5 L U A i B AR A S
=N

IR I — PR — P ELAG 25 PR A DU PR =i 2

EY, RSB H AR R —FhEZ 0 E
P9y, th DDS 4k 2, 3-48 4k M B IR AL AR
DDS [y FE I & PgDDS  Han %1 gty 1 ;354
AR 240 LR V7 I R AR R A 7 IR I s R Gl O R AT
AL B M ST 73 B/ PgDDS 5 AR EE
LRI AL, 78 35S Ji sl FROSR SN T iy s ik, 40 B
HIR IR A RER) P AERE SR 3 R SRR 573 pe/g
(TH), 1Y FEALE™ 5.2 mg 5 H G B,
Chun %7 3 3 48 55 5% 3 R R 3L 235 PgDDS Al
CYPT16AAT SLH G 3RAG A M &, AT BIR R R e or
T PPD A:pERZ I 2,4-D iE AN B 2 S T
IRFI M T (783. 8 pg/g T E) Ml PPD ( A 250 mL
FERLIG SRS L A AY) N 2535 55 0 PPD 7 i
A3k E] 166.9 we/g #1980.9 pe/g TH) Y™ &,
MREM, HRAS NS B EEWIL Y H
ke g6 2 9 E Z DI RE AL ST /Z Compound K, {HEEA S
JEAEY P A ARIESE CK B7ELE™, B R N2 T i
(A I B WK K aE — 25 W 38 AR A& 1 A2 % Rd,
Halr, £ PPD A A S A7 (40 Rb1,Rb2,Rd
M Re) oAb A 7= CK™ o BRI, 0 5 d P4
SR RMT CK 4i AR, BLak, =i &9
HHE A, 15 Ak 2 G B 7 B KL AE 7= CK
EARYISZPRAYY . Gwak 21 A S 3B I 3 A
K (PgDDS  CYPT16A47 1 UGTT1A28) 3t % 35 7E
EEFLR R AR = CK R [A)§% JE Bk & i | CK
MR EETE 1.55 ~2.64 png/g THZ[H, {HE, %
i CK B A S B AE KR B IR, 4550 F T
K%, &3 CK PPD 1k 30 45 — B A i 56 R & rp 2
e R DR e (Y P P B T B UR S T
WA 77 A ) A2 40 3 T i v A SR DR R A A % A
P2 BT 2P 25 TR A 7 i PR R
K= NS BAF T AT AW IR R 58
T
2.4 EHEYMFERHIE

N A B 2E BRI AR T A S
BHMAED AR S BT A A BGERE TR
KRG IE A e A B E Y I an i A S 2
TG A 38 3%, T 5 D0 A A IR A Y R
K5 RS AN P AR A B ARG N, DASEIE N 2 AT RF
SR AR
2,41 IERBEFA—ALLFETNMENH T

AT, M TRREA A NS BT Oy
— s i A = 7 v, 10 Rg3 \Rh2 | Compound K|
PPD \PPT FISFHICR IR S5, ILAFEK  F 26 Y2
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TEOHIF AR R, TR IRk 20 i i A 7
WA = A0 T, B35 AR W B B AR PR
SR P AN DN B 3R IR E 3 F
R A AT DX A S A A, L A TT
MGG R (9 T g 22 A PR AL BH IR S A8 M . PRI
WS H FUERP 19 B ( Saccharomyces cerevisiae )
HIEEMEA T NS BT, G B E R, £%
TR MGG 8 Ao X P B TR A — S S I A\ S B LY
KHER MR ERE S AS B R ™ &, Dai
LSO AL A BN S R T G R A B 1l IR i
Frlcad AR TG R, f B 20 5 A T RE 40 AT 40
174 17. 2 mg/L PPD,15.9 mg/L PPT #121. 4 mg/
L SFBIURRG . Wang 2517 SIS T WiAP UGTs.
UGTPg45 1 UGTPg29 , 7E Wi F UGTs F14: 7= PPD
PR RE A BE AT b, Ny T R T, 3 e A
7E7 Rh2 Fl Rg3, Wang 4 gt T — AN i A
PPD MR &L PR, T2 7 vk 2 1 B 3R 3k MVA & 4%

Glucose

2,3-0xi

S. cerevisiae

\4
DMG ﬂmﬂ:ﬂmaﬁnd&ol

PgDDS T

T 13 AN B R AL AL R RE AR AR 3R PASO il 3%
K, TR S T PPD (7=, fEFEEE 3T
724 529. 0 mg/L PPD 7 10 L AR 3t A B rpa] 7
A 11.02 g/L PPD, AR, 3 X UGTPg45 JE K 2k
A R T, A3 2 A R 1 A A ok
NS BT Rh2 7765, 179. 3 mg/L B2 35 7% Al
2.25 o/L 1) 10 L #MRL2p 4 & B, Yan 257 Fi] ]
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