I"ARZERFIR,2020 £,36 &, 5% 3 # Journal of Guangxi Academy of Sciences,2020,Vol.36 No.3

KEZE AREYP R =MEH SR ENFHRER

HABEYPFNAR =M EETEARENERRER"

AORVLERFLEERT AR
Q. T BHFR.ERAYIBEEREZLER T BRERAYRIAR IEEZRFA PO,  BADRIBRRAAEL P . &
EMHEHELERE, S BHT 530007;2. S BREBRISEKRIRBRFIR, BH T 530004)

FEE 520G W0 25 A Y rh S5 A R AR W35 1 2 AL — 2R Ko F AL B W, 2 A SR A ) AR AR B IR G AR
P FEN TR R B SEU , AWE B AR AR W A B B AN W IR R AR T 2 AR )
VU BR =G B AT R AE YA GRS OC BT AR L IR A PR S . AR SO R UL A ) DY B =S B AR A
BCEE T PR R TR IR R , 1 5/ 4 DL 2 F AR U B =il 22 S AR 1 JLSR AL & W 19 23 16 UL ) A A= ) & il
WEFE e, g N A LA R A= P M ) i R U A e B D (B 7 DU B = 2R Ak & W, HE S 25 AR )
g RS S It b
XER AHEY SNAEDY RERETY wERAeEY DU =R
FESES:Q7.Q81 XHEEARIRED . A XEHS:1002-7378(2020)03-0309-08
DOI: 10. 13657/j. cnki. gxkxyxb. 20201027, 018

P18 235 ) R R 1) A I L R AR 2 W R BRI R Y
RIRTPIPE . WA A AL 25 A3 T 4
528 EWII AR I ST AR =R

1 & A6 45 W2 R 0 245 FAR W 9 A 808 oy 2

0 3§

2 AR J2 v 24 08 19 T2 R R, LR PR 1) 4 3
FAE H AU A AR 20RO o L AT A O R A A 2

Yy T ANA TS . T E AL R L S 2R T
T AL FR 2 25,7 T v R 25 AL BT U b
I 5 22— SR I K 4 [ P 2 B R A 2 R o, 3K
Pl A7 B A 25 SR 1. 3 7R Bl AT 25 TR 3 150
Bl PR 2 IR 7 088 A, Hh 25 HI R4
5996 Fh, v 24 BE IR0 24 A W KORE R R 4 AR
— o ST A B R R (R AU Y B

Ml & S5 2 H AL o F R 2K e 2 0 I AR
FEY, FRTE & PSS S G Ak A Wl 7 T R
Wi A G W TE 25 A A 2h o A T3z, T B i SR e
AL AR, MRSk A W RGP UL R IR
TIRBIT(C, BIT) A TR RN ARG T, WA
YA IR W — R (Mevalonic Acid, MVA)
JE HAEY G O G BERT A 4y 7 AT A (G H) il

x o E R A HOM A R 4R (STS iR, 7 W H b BB % | (No. KFJ-STS-QYZD-200), ¥ & 3] &4 7 B & & B+ 5 (& #
ZY1949015) )" 7 B $h ¥ 3 4 F 4 3 4 B H (2018GXNSFBA281017) #1 )~ 1 & k &L 4% 41 #7 2t 4 2 % FU H (No. 2018-15-Z03) % B .

[ E ]

kO RA994—) . B EEBM LR £, EFNEME DR E LA K EA K E-mail: zhuyuan0049@163. com.

[ x&AEEH]

FRFAISS—) L AL BAARR, TENESREWF AL 2 LT %K, E-mail: jlanxiuli@gxas. cn; F Bk (1970—), &, # + . Z %, £ &
NER R FEWFR L Z S MBS b AR FT R Ermail  1ijb0771 @sina. com.

L5 A A x1

KRB FRF.ZFER.E AAEYTNRZFR2HFAEREDFFAXH R ) A FEFR,2020,36(3):309-316.
ZHU Y,LIJ X,LI1]J B,et al. Research Progress in Synthetic Biology of Tetracyclic Triterpenoids Saponins in Medicinal Plants [ J]. Journal of Guan-

gxi Academy of Sciences,2020,36(3):309-316.



TR FE ML http://gxkx. ijournal. cn/gxkxyxb/ch

K. WIEFIL PR ITHEE WS W] 5 ok
il CELE AT WS W L AR L WL s 2 R
i o 20 BT 7 I (GeranioD ™ 52K 5 7 5 £ (Arte-
misinin) ! A HEH ZE (Triptolide) ™™ | =1 12
1F (Triterpenoid saponins)'™' PUi§ 2 #H # N £ (Ca-
rotenoids) " A, F Ak £ 4 24 B R A A 2 T g
WA 75 8 R R PE R Ay R RN
TR O E IR PR S R 2T U R
KEFASBHT H-LBE . QRE R ) AT & Al
PR G g 10 B DU A T Rk AR R B R
FERAE R o, PR = e e A
ENS PSR LA 4 5 25 M 3 2 RO
gy B BURE PR BOE ST PR R R ICL
TR A FRIT O MBI FZMIER. £4
MHANSTIARERK BN R RN EDR S A KR
1Y U BR s 2R R, EA PR R it s R o
PRI 058 28 55 22l 24 B

VU R = AR S =l 2 W Y IR AR AR
Wz — i 6 A5 I T T (G H ) 21 UH A 4
g5t HET. B =i G Y R E N AR AE YR
rh R A AL AR AT ik ™ RO R B A ) B R Y
AR EURITH AE , T I B AR IR B = BB A A LN T
A 4 1 22 B ), B3 BOR 2846 o 72 52 4% L AR
B BN, 7 AR A NS AR R R B AR
TER 2 AL, A EE A B
HSRERET Az IR =R A Y
SRR EHZANTHED L GRS BT ES
TR LA 43 5 B AR 6 1 L & R B O R,
W Ah A2 G il 7 52 2% B AL R AR BB AR R L P fi
FH A ALV TR 25 2 W A 25 P45 3 1™ o0 ¥ 4 Xk LAV
JE AR T RS A Tl AL A 5 B2 W 41 240 e
B % 1] DA K W o VAR 4 A= K TR 0T A At e (o FH
B AAPIER . SRMNZ TS W A Y & A
Lo A BRI B B A e AR AR A A A K R K
AR 7 B o M DA SE B R BB Tl Ak A L Bl
3 A5 P B AR N 43 A 2 FE DR G e R 1) 3% T
B, — SRR AL R R IR GR R Z B YR A AT
RVE A A W 230 ik e B DR 21 2 I sk 2 2 AR
255 Z A OE 5T R AR R B e BORIZ 4 AN 48 5
1% 5t 245 A W 1% Pk U3 G W A2 vh U B i G SR TR
) 88 7 1 ) G UL 5 7 B 2B i rh B 40 25 AR )
R W 2%, T N T A s @ A N
AT 5 AR R A 1% e VR RN AR TR A 1A s B

(B A VFRIR & B K ARAE G W . Bl BF 58 A8 W7 TR
A B AR 2 B R 4 & T R A T
T B AR RIR AR 0 . TR A R A R
Yy Bt R R AR W i T v R DS A 0 A S
B AR I KR ) 5% B A i 5 D) b i 4 R A
P 2 17 ) 3 Ay A AL B, T S B AR KR W Y
TR -

UTAF K 25 PR VU 36 =il 26 A S B R T o 2 2
LR R NN DN ETB T é Sl T i =y
T AW AT AT IR L 25 R ) DU 36 =8 R Y
A=Wy B A v R D RE R DR R 24 A W) < T 5
SRR B o AR SO L T 2 AR ) DY B =l R
AW E e O BRI IR F A 4 T LA F e
T e Y A ol o e 7R S AR B LR AR S W R AR
Y BATE T R R 7 e % B DY B = R L S 2y
FHAR W 9 50T 45 2 4 T 45 07 T B oA 275 7

1 ZRAEYPHAR=ZHFETNEYESRER

=R S VS R A TRl — 2 A A A
) 2 HJE IR R - 4 - 9 R 18 42 (Methylerythritol
Phosphate Pathway, MEP) , 2 £ 5 — i | Huijif \ 28
B N R IR SR A R R b g
R INFR B (Mevalonate Pathway, MVA) , T E £ 5
BTG PR A = A R T A S . 2
A =R B Y Y A ) G iR AR W B AR
BHGERT 53R 3 B

B, 5 M BB IR (Cisopentenyl Pyrophos-
phate, IPP) 1 — B I TN & 45 8% R (Dimethylallyl
Diphosphate, DMAPP) ¥ 1] i@ i+ MV A ik 1 MEP
RARTE B, PG A A% AT DL G S e TPP # DMAPP
P A W A SR A S W BB

FW, # 4 L JE £ 85 R A B (Geranyl Diphos-
phate Synthase, GPS) f# b IPP fil DMAPP, & i 4
4 )L 3L £ 5 B2 (Geranyl Diphosphate, GPP),IPP 5
GPP 71 W 4 £5 9% R & W (Farnesyl Pyrophosphate
Synthase, FPS) [ 4k T J& Bl 72 We Js 45 1 BR I8 (Far-
nesyl Diphosphate, FPP) , B /5 ffi & /% & B (Squa-
lene Synthase, SQS) i 4k FPP 3k B 45 & Wl f1 & 1%
(Squalene, SQ) , If ¢ %& Jfi ¥5 A 1k B (Squalene Ep-
oxidase, SQE) IVEHI T it — DAL L L 2, 3- 3 A &
Ji (2,3-Oxidosqualene) , 2, 3-FF 5 & K 76 A [5] Fh 28
i) & AL & 1% M4k i (Oxidosqualene Cyclases, OSC)
AT 2 AL H HEAS BS540 2 FE 1 1y =k B 28



I"ARZERFIR,2020 £,36 &, 5% 3 # Journal of Guangxi Academy of Sciences,2020,Vol.36 No.3

B 2k — R B i B, 40 40 (0 X P450 i
(Cytochrome P450 Monooxygenase, CYP450) | $# %t
¥ i (UDP-Glycosyltransferases, UGT) 2 k47 =
WA T B B2 H Z2 R R T BE 45 S i =
2R W BA AR Y 25 R R W DU 35 =il i
SR AE IR B e B R e B L BR B T e R R SR R IR
YSTRILIN

2 ENMRZGERUEYREFARIAR

E I BY

NS WS WL RGP 2 W AR E
WS R AT AR 36 AR RENAR . B
SR DU PR AR A PR B O R

2.1

KEZE AREYP R =MEH SR ENFHRER

WEREYE . RA T AS TR G R by
ARENF=GERE, HiE MASh Lz g
150 Z 80, WH L S5 70 280, ZBE Hh %
FE 200 Z2F, % 2L R DLGR 3 B B s R O
K F g A DU A =l A S W] A A 2, 3B SRR U
e A I8 B M R A B (Dammarenediol- [l Syn-
thase, DS) i fb A4 B IA 35 45 — B (Damanediol, DM
HRAEA M (% P450 i (CYP450) M 1E I, 4 1
J&. N\ £ —. % (Protopanaxadiol , PPD) Ml Jf& A\ £ = g
(Protopanaxatriol PPT); &y J5 il i W 5t 5 7% i
(UGT) #1478 B A i, 43 97 I N2 iy C,
/8 Cy, ﬁuﬁ,ﬁkz R Cs F/8 Cyp AL LA
KA i3 AT AR B, 32— 20 A A g AN TR N

I FE ORI LI POR SR ILIR SR 2R B/ HL/ SRR (A D
Glucose it
CYP716A47 >
l > \
HOA]
Acetyl-CoA Dammarcudlol II \/ Protopanaxadiol o H:j-
< o O
Jrare N S e L
S HO* 3 OH
Acetoactyl-CoA | (i_/_OH o
l ERGI3 el ate &4 yoH «UGTPg100
OH S U g )
Qrolopanaxalriol Rgl HOIL\OH UGTPglO1 Panax gmseng/

HMG CoA

fp W=
—_— OH
i
Mevalonate PP m SQE/CDS/EPH/CYPS7D18
l SQE
IDI
IPP «— DMAPP Squalene
U(
GPS ISQS
OH»

g —IPS | ppp

N

————————————————— OH

..%Jl .
’Qf

HO, \
b >\€HO UGT94-289-3
.
| UGT )4 289-3
‘L( F HO

or:d?)\ _HO
o
nH Of
/B\\m«j:‘)
HO

HO HO

Mogrol

UG TH 289-3
Mogroside V

Siraitia grosvenorii /

Mogroside Il E

& 1
Fig. 1
TS A A R A T ik MVA
WA TRE R L 2558l AR B il S i &
oAl HE T 0 28 L B Ak R X RNA HER
K TS H R w3l i 3 R AR e ] B Ak 1 i
PAT WP Sk e B AR G 1 (SmFPS) MR It &
MG (AtSQS2) 4 AU P Re A B, i 25 4 i — il 28
AR/ BN N R iﬁ%ﬂﬁéﬂﬁm%i*ﬁﬁ*ﬁiﬁ%
EE 10 g L R @B EHEE 15g- L
KHED I TR RERE AN T, Jung 20 XA S5 5t
HEAT TP A L T 2S5 A8 HEY

NS BH BB DURHE LY & ER

Biosynthesis pathway of ginsenoside and mogroside

G O M OBE B ¥ B B ( PgUGTT4AEZ M
PgUGT94Q2) . B J5 4% 31X 2 />l 5L 5% A% i 2 A 55 5k
i —FE A T (PegDS) flE N 2 —BE A i (PgPPDS)
BEP— i 3 ABEREAN A, Sk A AN S B4 Re3. 4
R 2 MR R NS B Red & MM &
HE

A, Wang & 5 NS i 9F S 2
R B (UGTPg29 fl UGTPg45) , i i g 7 2
BRSO T ), LA 25 68 o JRORL, SEER T AR NS BT
Rg3 Al Rh2 M N TAEY & . Bl S IZ IR & 48



TR FE ML http://gxkx. ijournal. cn/gxkxyxb/ch

DA T T I 2 200 L Sy 1 A4 5 1 B2 Rk 78 A2 e e
P C, — OH A s bH Bk e 3% iy 1 2% 3k 7K - FRR
it 10 L & PERERM R A I, N2 84 Rh2 7 i ik 2
2.25 g« L1,

2.2 HEARHE

DI 2 AE B DR 50 v e B e A
VU B = AR R AE I R M T AR R AR
st IR S0 AR B ELAT B A B0 TR DT R I A
i R A LB R O e i U U R N A=
LRI TR 2, 3-30 40 & 4 75 3 1 06 B2 5 1 (Cu-
curbitadienol Synthase, CDS) B 4E F T 4 Wl #6 & —
Ji B (Cucurbitadienol) . Bl J5 . &5 /7 — s B 7€ 40 i {4
R PA50 Bl FURE R AL B B AR TR L HUOE i DR
5% (MogroD) f1 % B4 (Mogroside) (K 1), W5 &
B AED DUR YA W& R AR b, SCBE G P 0
M5 5 il (SgCDS) o 3 B H 21 25 ) 5 — A BR
it , I B LR A ME — B B AL

Dai 55328 il RNA I J¥ 45 4 3 DR 32 3K 3% 44T
TR E T B DR TSRS SgCDS b 5k
el UGTT4ACT YN T RE. PRSP E 1R % &
W, UGT74ACL H5 UDP- 4] % 4 1 B2 v ) 4 % B ik
EERS BWH E mIE Cy— OH 7 a5, A AL 81 2 e
R EZNEE I E (Mogroside | E), BG
IZ A T S 5 R Cy s R G
4N (0 & P450 FF CYPSTD18™ . {4 &b 52 46 45 I
HESE, CYP8TDIS Al S AL #1 ke — Il Coy iz, £ I
11-8 AL 3 P & B (11-oxo0 cucurbitadienol) 1 11-
AL M KB (11-hydroxy cucurbitadienol) , ¥
SgCDS 5 CYP87DI18 7 B} 1 32 vh MLk 4533 11-
AAk-24, 25-FR S Hi P 4R R (11-0x0-24, 25-epoxy
cucurbitadienol) \11-8AL# & — 4 (11-0x0 cucur-
bitadienol) A1 11-#% F£ ¥ P — 45 B (11 -hydroxy cu-
curbitadienol) , H: 45 ¥4 25 Y AH € 135 - [ AH 25 - 4% G 4t
3% - 3% 1B ] (LC/SPENMR/MS) #i3iE .

Ttkin 2550 B 1 2 DU B 5L 50 b 32 Y
BIUHRE V (Mogroside VI G &R EET
Z 5B RHV A BGERER 5 A KRR E 5 &
4 P S i (Squalene Epoxidases, SE) (8 7 /G BE&
fiff (SgCDS) ¥ A Ak ¥ /K i i (Epoxide Hydrolases,
EPH) .4l fifd 4 % P450 [ (CYP450) b ik 5 % g
(UGT), 2,3-¥FH & (2,3-oxidosqualene) 1 1 &
I AL R 2,3-22,23- IS B I (2,3-22,23-
diepoxysqualene) , Fj- £ 3 i 2 — I B A il A A AL

JK i Wi S CYP87D18 & MU 7 % (Mogrol) . #i &R
4 UGT720-269-1 1 UGT94-289-3 > B L 4% 75
it (0 AL 55 T2 U DUV

Zhao %50 ik — A BF 55 B DU A B9 A W) A R
WA, R cDNA K i P &8 R G B BE N
(RACE-PCR) 1y J7 %, 7 B B DU 8 0% & T SgSQS
IR B] 4 B 5 1% B ( Cycloartenol Synthase, CAS) [
4K cDNA £, 5 H 1Y SgSQS HH1E C KA M
AKX, 38 5 X B DUR A R R A R SgSQS Al
IBTHEBE A I SgCAS 1 7 b 5 55 22, S iE— 25 1
LB PR SgSQS A Ml SgCAS # [ 11 3 X 1l fig
SR . B S 2R A % DR A R 3R P450
il (CYPA50) B 3L R I . BFFE 45 R R WL B DUR
B SR AL BN PR R A A K B R P450 3 5 il
WAL, H SgCPRI #l SgCPR2 #4 s 45 AL 2 DUR B
AL R I B, %R KA S LR O A
&, 7 H. SgCPR1 1 SgCPR2 %} NADPH, FAD #I
FMN #8 B A — & 03§ M T k. I ik, SgCPR1 M
SgCPR2 # ] fE 2 5 B IR W AR, 0 HE P R
BHEBAEYA .

BT 0 AR S R e R DU A il AT A
SR v [H] A, HE AR A DG 2 R A A 2 A
Chiu 257 F R 2 0 2 R xt B DUR AR BU dE 47 4 9
ALK B ETRET N E (Mogroside [l E) . i 1 5
SOV €0 3 - IO i - A% A1 R T R R X R TR 4 A
ARG = o EAT e b B BRI E S R 2
22N =B . % D A R SN K TR 4R
Wy 5 1 B DCRAT VA B DR AT E, 346
D3] 35 7K SF- 13- 7 48 Bl 15 B8 (B-glucosidase) 1 1.
i 35k 2h ) ARG | 3h 2 0 B RIF 5 R AR S L
fb HP-20 K FL W BfFA4 B i 4k 3R 45 17. 38 ¢ B DU
Il E,&4liff 55. 14 %, MR 74, 71% . H G, B3R
TAEY A SRR W, — o R bRy TR o g
K JE S0 Tl A A= 7= 29 28 T B8 F 52 50 LA
2.3 INPdIAEEY

B AR N — M EZ W2 MY ) B R
K, FEHTIRITE R IR AU AE , 5 25 3105 1
AL G PR AT R OB B AR A
. W EAA AN Z DAL, BT Y L R R
ZHEG R LG R IT R E BNy, ER
Y B R 2 20 B, 2808 T OT O A B
(CycloastragenoD) ™™, £ & M B 8 4 W) & ik 42
rh, PR o R R R R TR, 2, 3-5



I"ARZERFIR,2020 £,36 &, 5% 3 # Journal of Guangxi Academy of Sciences,2020,Vol.36 No.3

Ak & 4 38 3 2R B o 45¢ & 8 (Cycolartenol Synthase,
COMEAAE R H F . 8 2 1 45 0 2 B P TS
B A AHH R YL Bl A 50 1 AR 958 L 4 o 2 H 2 ]
BT B S AL B W Y A W B A A Y i BT B
o,

B Y 25 R AR DY BRI AR C-17 A
MEE 732, 24 R ik, A SCHRIRIE 1 3 Fh F 20 2
H L4 H (Cycloastragenol, Cyclocanthagenol #1 Cy-
clocerebrotoD) (&l 2) , BT AT A= A 20, 24-FF A 5

Cycloastragenol

Cyclocanthagenol

KEZE AREYP R =MEH SR ENFHRER

20, 25 - R 4 ) BE L 2R 4R BK SN 0t B
RNA (4R B Wi 55 5% PCR Jr i, N 7ol T8
WAL cDNA F41. B 58 & B 16 816 4 B 1
AT I 5 KT & A (BAA22559. D JFH A
Utk 8896, X IIME ST 8 Y 4k % kAR B R
(2D NMR) , Xif # 15 H B Ba] o o 8 DU 2R = 5 2 4 I A
Wt SR A5 5 R T MERRIE R il 5 ROESY 3L 56 25 5
B I BT ol g 80 5 4 R X A

Cyclocerebrotol

P2 3 v BB o g R TR A A R R A

Fig. 2 Schematic diagram structures of cycloartane sapogenin from Astragalus

Guo %% B EEAR ¥ 43 B8 JF % 2 — AN T 1 26
Fif o Bk & ¥ (3B-acetoxy-9B-19-cyclolanost-24E-
ene-la,168-diol-27-O-B-d-glucopyranoside) , il 1 it
WONTHIE T A WA . Tiao S5 5 i 2 AR
F MR 75 5 4 e B0 B IR AR B 77 0 v 5 B P IT (Asstra-
galoside) iy ™ it , If 3 58 HC A= W& BEE DY Y B 53t
B, B T R B IR W 7R 2 TR IR K A% IR I & T
KRR T T B P WA Y& g n . 38 X i
WS A AT A, B P B K77 & (5. 5+
0.13) mg/g. MM, LR L 3T T B BT &
G R R R Z B e & TR Y
B BURTE I G AL, AR B R AR A R
IRARAILEN 14 R A5 B 52 B ff A WF 5T N 5L A B 5%
775 Qe 78 A M €8 2K P4A50 il FWE BE % AL i T i 5 i
BE DR o 2 I BH A [) AR B0 R 19 A 08 UBL A

3 RE

14 1k WEFEN BB 27 2 R A3 P A Q™
PrCm NS e =R Sl e L DUR I
S5 B 1A CHL R F 5T T IO — i R L R R
X 22 5 PN 22 1 SR AL 04 R AL T COSCs) 5 il il 1Y) 5 A
FCREWTIT . AR 2 HIAE W DU 36 = 281 & g 2 Y
N2 ARG T (25 o I 4R 1S 45 4 28 e A
JIr A . [R] Ak 2 DY BR = 2 AL 5 W) SO AT AR

AW E K KB I35 ARV =il AR5 W B
QUM B, i T S T O B T A DN D 6 MR e
R H REAT R AILA A2 2% o AR 5 Rl it A2 1 1) B st
JRE G X R 5 I M ) A A 5 LR AR Y A T I A
g FLAAC, A0 2 AR ) B P A O A ™ 4 B B Y
W 3R A Ak AT L T JEL R S B £ i I A i € K
PA50 il Wl HE 5% B WA PO A2 40 A RE

PRI, o Sk B F 50 T A iR Bk — P AT 2 B
o DU R =l F A A2 5 R AR A2 S RAE R A A
Yoo R TR T BUAR R O B I 1 R AL IR AR
PR T B e e A% PR R AR 8 H b ™ 0 1) 7™ 2 e
PR e 2 S B2 HTAE W) DU 38 = 2 Ab & i Tl ik
AT

&% ik

[1] HUANG L Q. Chinese government in push for sustain-
able traditional medicine resources [ EB/OL]. [ 2020-06-
20]. https://www. nature. com/articles/d42473 - 020 -
00004-3 # menu.

[2] YANG L,YANG C,LI C,et al. Recent advances in bio-
synthesis of bioactive compounds in traditional Chinese
medicinal plants [J]. Chinese Science Bulletin, 2016,
61(1):3-17.

[3] SANDAR M,HARALD P. Identifying and Engineering
the Ideal Microbial Terpenoid Production Host [J]. Ap-
plied Microbiology and Biotechnology, 2019, 103 (14) .



[4]

(5]

L6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

TR FE ML http://gxkx. ijournal. cn/gxkxyxb/ch

5501-5516.
BERGMAN M E,CHAVEZ A,FERRER A,et al. Dis-
tinct metabolic pathways drive monoterpenoid biosyn-
thesis in a natural population of Pelargonium graveo-
lens [J]. Journal of Experimental Botany,2020,71(1):
258-271.
HASSANI D, FU X,SHEN Q,et al. Parallel transcrip-
tional regulation of artemisinin and flavonoid biosynthe-
sis [J]. Trends in Plant Science,2020,25(5) :466-476.
NOEL P,VON H.HAN H Y.et al. Triptolide and its
derivatives as cancer therapies [J]. Trends in Pharmaco-
logical Sciences,2019,40(5):327-341.
KIM Y J,ZHANG D, YANG D C. Biosynthesis and bio-
technological production of ginsenosides [J]. Biotechnol-
ogy Advances,2015,33(6):717-735.
MA X,ZHENG B, MA Y, et al. Carotenoid accumula-
tion and expression of carotenoid biosynthesis genes in
mango flesh during fruit development and ripening [J].
Scientia Horticulturae,2018,237:201-206.
KUMARI A,KARNATAK M,SINGH D,et al. Current
scenario of artemisinin and its analogues for antimalarial
activity [ J ]. European Journal of Medicinal Chemistry,
2019,163:804-829.
JEONG G W,HONG W G,ANH ] H,et al. Antican-
cer effect of intracellular-delivered paclitaxel using no-
vel pH-sensitive LMWSC-PCL di-block copolymer mi-
celles [J]. Journal of Industrial and Engineering Chem-
istry,2019,70:136-144.
TOREQUL I M,JAMAL U S,SUBRATA S,et al.
Andrographolide,a diterpene lactone from Androgra-
phis paniculata and its therapeutic promises in cancer
[J]. Cancer Letters,2018,420:129-145.
WANG Z C,WANG Z,HUANG W H,et al. Antioxi-
dant and anti-inflammatory activities of an anti-diabetic
polysaccharide extracted from Gynostemma pentaphyl-
lum herb [J]. International Journal of Biological Mac-
romolecules,2020,145:484-491.
MIDORI T, MURATA Y, SUGIURA M, et al. Anti-
carcinogenic activity of natural sweeteners, cucurbitane
glycosides. from Momordica grosvenorii [ J]. Cancer
Letters,2003,198(1) :37-42.
CARLA M,FRANCISCO J,ISABEL M, et al. Multiva-
riate analyses of a wide selection of orange varieties
based on carotenoid contents,color and in vitro antioxi-
dant capacity [ J]. Food Research International, 2016,
90:194-204.
FH AR T 5 SR 0 2 A YT

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

PERE O[T, A9 T A2 2% 410, 2017, 33 (3) 1 478
485.

SHOJI S. Chemistry and cancer preventing activities of
ginseng saponins and some related triterpenoid com-
pounds [J]. Journal of Korean Medical Science, 2001,
16:S28-37.

ZAl Q L. Chemical insights into ginseng as a resource
for natural antioxidants [ J]. Chemical Reviews, 2012,
112(6) :3329-3355.

AR TR AL, BERE T A B AN AR A A IR
KR ]. AP =#4R . 2016.,56(3) :516-529.
EXPOSITO O,BONFILL M,MOYANO E,et al. Bio-
technological production of taxol and related taxoids:
Current state and prospects [J]. Anti-cancer Agents in
Medicinal Chemistry,2009,9(1):109-121.

B ufh, BN E MY R =R AN S
S AR LT ], i R AR — i B2 AR
1k.,2018,20(6) :1018-1025.

FERUAR B TN B R B B A W 24 7 B o K IMOREA
J7 AT BB S T ST ). BE 52 25 3R 2015, 21 (7) - 1203~
1205.

WANG ], XIONG Z,MENG H,et al. Synthetic biology
triggers new era of antibiotics development [J]. Sub-
cellular Biochemistry,2012,64:95-114.
BRI , BN AR G AT A A R W A
Feik L], P2 ,2016,47(10) : 1806-1814.

TR AR B R B S0, S5 A IR 68 R PASO 7E =
i A A P D RE R S LT ], PR 2, 2012,
43(8) :1635-1640.

YU L,CHEN Y,SHI J,et al. Biosynthesis of rare 20
(R) - protopanaxadiol/protopanaxatriol type ginsen-
osides through Escherichia coli engineered with uri-
dine diphosphate glycosyltransferase genes [ J]. Journal
of Ginseng Research,2019,43(1):116-124.

THA AL Hu R, 1) L S S EE b 2 4 B 2
W PR AE L)), P [ 25 52 20 35, 2017, 52 (5) - 342-
352.

A A VR PR L A B A TR R AR T R A
NS RATH ARG L] 255 %4k, 2018,
53(8):1233-1241.

JUNG S C, KIM W, PARK S C, et al. Two ginseng
UDP-glycosyltransferases synthesize ginsenoside Rg3
and Rd [J]. Plant and Cell Physiology,2014,55(12):
2177-2188.

WANG P P,WEI Y,FAN Y, et al. Production of bioac-
tive ginsenosides Rh2 and Rg3 by metabolically engi-
neered yeasts [J]. Metabolic Engineering,2015,29:97-



[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

I"ARZERFIR,2020 £,36 &, 5% 3 # Journal of Guangxi Academy of Sciences,2020,Vol.36 No.3

105.

WANG P P.WEI W.YE W.et al. Synthesizing ginsen-
oside Rh2 in Saccharomyces cerevisiae cell factory at
high-efficiency [J]. Cell Discovery,2019,5(5) :1-14.
SOEJARTO D D,ADDO E M,KINGHOM A D.
Highly sweet compounds of plant origin: From ethno-
botanical observations to wide utilization [ ] ]. Journal
of Ethnopharmacology,2019,243:1120-1156.

DAI L,LIU C,ZHU Y,et al. Functional characteriza-
tion of cucurbitadienol synthase and triterpene glyco-
syltransferase involved in biosynthesis of mogrosides
from Siraitia grosvenorii [J]. Plant and Cell Physiolo-
gy,2015,56(6):1172-1182.

ZHANG J,DAI L,YANG J,et al. Oxidation of cucurb-
itadienol catalyzed by CYP87D18 in the biosynthesis of
mogrosides from Siraitia grosvenorii [ J]. Plant and
Cell Physiology,2016,57(5) :1000-1007.

ITKIN M, DAVIEOVICH R R,COHEN S, et al. The
biosynthetic pathway of the nonsugar, high - intensity
sweetener mogroside V from Siraitia grosvenorii
[J]. Proceedings of the National Academy of Sciences,
2016,113(47):E7619-E7628.

ZHAO H,TANG Q.,MO C,et al. Cloning and charac-
terization of squalene synthase and cycloartenol syn-
thase from Siraitia grosvenorii [J]. Acta Pharmaceu-
tica Sinica B,2017,7(2) :215-222.

ZHAO H,WANG J,CHEN T,et al. Functional ex-
pression of two NADPH-cytochrome P450 reductases
from Siraitia grosvenorii [J]. International Journal of
Biological Macromolecules,2018,120:1515-1524.
CHIU C H,WANG R,ZHUANG S, et al. Biotransfor-
mation of mogrosides from Siraitia grosvenorii by
Ganoderma lucidum mycelium and the purification of
mogroside [l E by macroporous resins [J]. Journal of
Food and Drug Analysis,2020,28(1) :74-83.

ZHANG J,WU C,GAO L,et al. Astragaloside IV de-
rived from Astragalus membranaceus: A research re-
view on the pharmacological effects [J]. Advances in
Pharmacology,2020,87:89-112.

LABED A,FERHAT M,LABED Z I,et al. Compoun-

ds from the pods of Astragalus armatus with antioxi-

KEZE AREYP R =MEH SR ENFHRER

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

dant, anticholinesterase, antibacterial and phagocytic
activities [ ] ]. Pharmaceutical Biology, 2016, 54(12) .
3026-3032.

UN R,HORO I,MASULLO M,et al. Cycloartane and
oleanane-type glycosides from Astragalus pennatulus
[J]. Fitoterapia,2016,109:254-260.

LEE D Y,NOH H J,CHOI J,et al. Anti-inflammatory
cycloartane- type saponins of Astragalus membrana-
ceus [J]. Molecules,2013,18(4) :3725-3732.

L1 Y.GUO S,ZHU Y.et al. Comparative analysis of
twenty-five compounds in different parts of Astraga-
lus membranaceus var. mongholicus and Astragalus
membranaceus by UPLC - MS/MS []]. Journal of
Pharmaceutical Analysis,2019,9(6):392-399.

ABIR S L, LACAILLE D, NABIL S, et al. Structural
organization of cycloartane-based saponins in the genus
Astragalus (Fabaceae) [J]. Phytochemistry Reviews,
2018,17(2) :431-452.

VITTORIA G,MONICA S,ASSUNTA E,et al.
Chemical diversity and biological activities of the sapo-
nins isolated from Astragalus genus: Focus on astraga-
loside IV [J]. Phytochemistry Reviews, 2019, 18(4):
1133-1166.

CHEN C X,DAI L,FENG H Y.,et al. A new strategy
for the preparation of antibody against natural glyco-
side: With astragaloside [V as an example [J]. Fitoter-
apla,2020,142:1044-1088.

ZEPRAk . W], 4 W L A B RS 0 A T TR 11 s
AU 31 53 M LD . JE MR A5, 2011526 (1) : 16-19.
XUTIHE PN 5K PR L 55 1S v B ] ol g Y =il )2 1
B G A g L R R T L] v I 2 B R A= A% 4R, 2008,
39(1):15-19.

GUO K,HE X,LU D.,et al. Cycloartane-type triterpe-
noids from Astragalus hoantchy French [J]. Natural
Product Research,2017,31(3):314-319.

JIAO J,GAI Q Y,WANG W, et al. Enhanced astraga-
loside production and transcriptional responses of bio-
synthetic genes in Astragalus membranaceus hairy
root cultures by elicitation with methyl jasmonate [J].

Biochemical Engineering Journal,2016,105:339-346.



TR FE ML http://gxkx. ijournal. cn/gxkxyxb/ch

Research Progress in Synthetic Biology of Tetracyclic Triterpe-
noids Saponins in Medicinal Plants

ZHU Yuan'*,LI Jianxiu', LI Jianbin’ s HUANG Ribo'

(1. State Key Laboratory of Non-Food Biomass and Enzyme Technology, National Engineering Research Center for Non-Food
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Abstract ; Terpenoids are a class of macromolecular compounds with diversified structures and biological activ-
ities in medicinal plants. They are secondary metabolites widely existing in nature and are mainly used in
food, health products, medicine and other fields. The continuous in-depth researches on bioinformatics and
molecular biology have greatly promoted the analysis of biosynthetic pathways and the identification of key
functional genes of tetracyclic triterpenoid saponins in medicinal plants. This article discusses the biosynthet-
ic research status of common medicinal plant tetracyclic triterpenoids saponins, and focuses on the molecular
synthesis mechanism and biosynthetic research progress of several types of compounds represented by medic-
inal plant tetracyclic triterpenoids saponins. These examples provide a reference for artificially constructing
and optimizing microbial cell factories, efficiently synthesizing rare, high value-added tetracyclic triterpe-
noids, and promoting the sustainable utilization of medicinal plant resources.

Key words: medicinal plants, synthetic biology, secondary metabolites, terpenoids, tetracyclic triterpenoids

saponins
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