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saponins in Eleutherococcus senticosus is of great scientific significance and practical application value for the
efficient exploitation and utilization of this medicinal plant resource. In recent years, research on triterpenoid
saponins in E. senticosus has focused primarily on 3 interrelated aspects: the chemical composition and
biological activities of triterpenoid saponins, the functional characteristics of key biosynthetic enzymes and their
encoding genes, and the regulatory mechanism at the levels of transcription factors and epigenetic
modifications. Key findings to date indicate that the triterpenoid saponins in E. senticosus are dominated by
oleanane-type and lupane-type structures, and their biological activities are closely associated with glycosylation
modifications and their aglycone structures. These saponins are biosynthesized from isopentenyl diphosphate
(IPP) and dimethylallyl diphosphate (DMAPP) — the core precursors produced by both the cytosolic mevalonate
(MVA) pathway and the plastidial 2-C-methyl-D-erythritol 4-phosphate (MEP) pathway. Through the
condensation and epoxidation reactions catalyzed by geranyl pyrophosphate synthase (GPPS), farnesyl
pyrophosphate synthase (FPPS), squalene synthase (SS), and squalene epoxidase (SE), 2,3-oxidosqualene (2,3-
0S) is obtained, which is then cyclized by oxidosqualene cyclases (OSCs) to form the skeleton. After
hydroxylation by cytochrome P450 monooxygenases (CYP450s) and glycosylation by uridine diphosphate-
dependent glycosyltransferases (UGTs), triterpenoid saponins with diverse structures and distinct biological
activities are generated. Studies on the regulatory network of triterpenoid saponin biosynthesis in E. senticosus
mainly focus on gene regulation. On the one hand, 485 transcription factor genes belonging to 36 families have
been identified, and the expression regulation of these transcription factors on the promoters of key enzyme
genes for saponin biosynthesis has been characterized. On the other hand, synergistic epigenetic regulatory
mechanisms including DNA methylation and histone modifications have been found to modulate gene
expression by balancing the methylation/demethylation status of promoters of pivotal enzyme genes such as
mevalonate diphosphate decarboxylase (MDD, EC 4.1.1.33). Moreover, environmental signals such as drought
and light have been shown to affect saponin biosynthesis by regulating epigenetic modifications (including
promoter methylation status), providing potential targets and a theoretical basis for molecular modulation of
triterpenoid saponin accumulation in E. senticosus. Future research on E. senticosus triterpenoid saponins
should focus on the dissection of multi-level regulatory networks, exploration of polygenic synergistic effects,
and identification of elite germplasm resources. Based on multi-omics analysis and synthetic biology
techniques, solid theoretical support and key technical references should be provided for the exploitation and
utilization of E. senticosus, as well as the innovative breeding of high-quality germplasm. [Ch, 1 fig. 53 ref.]
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JIF N Eleutherococcus senticosus & T JINF} Araliaceae . NJE Eleutherococcus fi%), FE 4345 T
FIRBIEIL ., AR, A7 bR P L IX Y A KRR 100~2 000 m A AR E HE A . il o A
R, HM R EAOLRE, e ISR AR gk A S SR, Wit R AR e
E, FHFOWERFER . WA, RBIFRESCEEE T AZy, B M. AMNFLmz o, fEhhieipg
W T N RIEFIEIZG 8 ), il FOIHe T . B A M E, FEREMREAE BT RE BN TS

FIFIN BB E R M A B Y . 2R, B 5AFGE . IR, M. ZIEMR A
HITRFM, [ 2000 W NRIEFIEZ MO TRGG, 2T AR SR ZE AR AR ARZE 2R MG
SERMW I FOIMAR SARZE B AU . bumge . “iEN A7 SRR, ot b g AT s .
SROUEE . DU ST SRR, R R ON R EEE S 2 —, HAT e 2 AR R oy 5 15 2]
TR =S B R AW, MR . GRS TR SRR A e R, O =
AT (triterpenoid saponins) B AEY) & W FHLRIMF AL B AL TEA, 24> = F8 1 A B3 X 2 i 2 e
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e, JEAZM . DIRE. MEAIPLHISFWARR] Tz . s, AT =il A A B T IR AL
L AT BT o AR ST X o =il R A A L RO BT SR AT A S A, LU
A Je R TN 22 B RATT AR 4R BEES R .

1 R Em=#eF

=R =i R OO 1 AR () HoAb AR SR A 4 A TR ) — RV 5 R AR R
RILEWYIPY, FEAELETINEL . 778l Caryophyllaceae . #4418 £} Campanulaceae. & F} Ranunculaceae
SRR O, =R T E 2R 30 MRk IR AL, R UL AU DO PR =R O =, ek H e Al
(dammarane) FIFFIIRLERY (oleanane) & i B LAY =i BEAZ AN I FOIN 54 45 00 =ms 42, HPOER
W E A AT, AR i AR SRR B A . S SRR R L P G Y L 3,4-seco- I B
I DX SR RIS A ) =B R SR, SRR R R O =m T R D = A —
M AE ST EUR R (oleanolic acid) C3 v 5 O-1% 4% 1 4> a-FTHi A B %L (a-arabinopyrannosyl), X5 1—-2 3% 4%
11 a-RZEWEIE (a-rhamnopyranosyl) B #] 45 B 3 . 78 C28 17 By Jeil b O-MEHF B E$2 1 4> B-ni g i) 2 B
JE (B-glucopyranosyl, B-Glu), ZWEEFLL 16 155 57 — 47 F B-Glu fHi%, JE AL B-Glu-(1—6)-5-Glu
RS MRARYGE TS 14 BT EERE o-ME BRZEBEJE (o-rhamnopyranosyl, a-Rha), JfLL 1—-6 it
FRTESE OBEEE (acetyD)! ),

=R KB SR AEYINE R AR, TR R I A A 2 T S5 RN AR Y 4
) B A R AG P TS A (AT 5 501U T S AR AR 0 = 52 17 D) A A 0 A 30 35 sl bl ae vh A9 A A R AR
PO BN S 5P . BiEmEssiaE, B AR buE. PUE . PUREESES M EYE
PRI LT AEN R GE AR U R il N = R S X IR i i (pancreatic lipase, PL) fba H A0 3
P, HAbZAg5 /b C28 137 117 B FR IR JL ] (free carboxylic acid group, —COOH) REWE I i PL B 1l il 1
FHo MeAb, HTO = e T A B R g BR 25 Y ) e b B 2 —, 200 O O =k
T W1, Bk, RABFEIHAT R O =5 B a s e, e sd BAE Y AR A LS AR R DL
GRS I AR RO 25 R B R

2 R Em=ZiE BT L RER

S0 = 2T AR A U A A B P R S S B R R IRR (isopentenyl diphosphate, IPP, C5) 5
FH 3075 T L BB R (dimethylallyl diphosphate, DMAPP, CS5). iX 2 Fh# )it 2 2 57 HL PR Ak 42 7
R R, BI40A R o (4 B IR (mevalonate, MVA) 348 Fl T H ) 2-C- 13- D-os 8 -4 92
(2-C-methl-D-erythritol-4-phospate, MEP) & 12 (K] 1). MVA i& 48 DA Z B4l B A (acetyl-CoA) i it IR JiE
Y, &ZWHHE RN E A B IPP, & S IR N L il il AR i A2 Th R RS HET AR H] . MEP 3242 DAY
Fii 2 (pyruvic acid) FlH JHEE-3-B5 R (glyceraldehyde-3-phosphate, GAP) WiLIRIEY), Zid 7 A % 2L e
JE A R TPPEY ) [R] B A fifi 20 DMAPP A=, 45 JCSHERG (1) D e -5 8 43 e L [R] D g i AR s 173808
MVA i FEA AR . = SR AR, MEP i E2 4 TR g Bas . ik, 28
W N RERAMREEY ., YR MVA &5 MEP @A AR IR s 47, 1 2 i 1 40 i 21 C it g
s, HEUR B . REEAES 0N S A U 5 2 LRI B R s, RS TEDC s 2 S &
B R,

IPP 5 DMAPP AR5, 7 a4t RYIBHIE AR G SOV SR Bk, TR =il B 5 B DG RTAR . 1 587
T FEAEERR & B (geranylpyrophosphatesynthetase, GPS) f#ft T, IPP 5 DMAPP 45 &4 i A M- Ak
i (geranylpyropho-sphate, GPP, C10); Fifif5 GPP 7F ik Je LWL & Bl (farmesyl pyrophosphatesynthetase,
FPS) YEH 45 & %5 24 IPP Haon, A aliik Je 2L £ 5 R (farnesylpyrophosphate, FPP, C15); 2> FPP
oy F &I L (squalene synthase, SS) 4 A T MU & M (squalene, SQ); I A & Ifi 7 % i A AL T
(squaleneepoxidase, SE) #ifb N KA E N, A 2, 3-5E L& M (2, 3-oxidosqualene, 2, 3-0S)!M,

ZREAL I =5 B 4R T IR E 8 K IR L (oxidosqualene cyclases, OSCs) X 2,3-0S (L IRL . ANIF]
FAU) OSCs HA & MR Y S RSBV 577 W RE Rk, BB | S b SN W R AR AT, DA ZE s
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Figure 1 Biosynthetic pathway of triterpenoid saponins in E. senticosus
gl S f) =l BN B S Ak R | RO BT e, TR = A2 it —
F KRG, MR P4S0 HLn A (cytochrome P450 monooxygenase, CYP450s) i i ¥2 3 Ab 55 =,

=
dependent glycosyltransferase, UGTs) 23 A0 5 I A0 (B FE B8 22 080 s 1) = 17T I
B F 25 A A 035 PR i = e i
2.1 MVA &2 MEP &2 & B EE E

E MVA &Y & g, 3-58 55 -3-H 3 Ik 4 B A 34 I i (3-hydroxy-3-methylglutaryl-CoA

il 5 AL AR S B A S AACE REH (R, BeAh, IRIT R AL 54 AW (uridine diphosphate-
B2 i

reductase, HMGR, EC1.1.1.34) J& &SRB R A, /e A AQif i A 2O P . Pk . A
FEHLERI T, HMGR FEN BRI 5 BOe H S A R F 22 5%, Hd B e & EAASER, [T,

HMGR FERFER UM A 4 B A Kb, HHRIKPIETF e R m, T g2 W t, 2
13.4 £521, BeAh, HMGR D IR FRU 0 07 2 i B2 H iR (methyl jasmonate, MeJA) 55, H A & B EI%
AW RIBETE MeJA AP 548w, JF B0 B & i 5 HMGR B F3Rk K1 A k35 1E A G,

FH 2 R — W R i F2 ¥ (mevalonate diphosphate decarboxylase, MDD, EC 4.1.1.33) Ref{k = Wi i
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1 (adenosine triphosphate, ATP) 5 H 5 % 2 £2 Wk iR £ (mevalonate 5-pyrophosphate, MVA-PP) J i 4= i
IPP, WIZMEIALEWAED G Mt B b i 2 A i 2 — P, 2R EMRAED s eI 0 T MDD %
KR 37 P50, kB2 9065 BT BR i b o4 . MeJA W R o . Rzl 3Rk o075 i =S8 e
T e B TT A e R TS E T . TR AERS sekE T MDD B 4K cDNA ¥4, &
BRI T MDD BERTEAR R A K BB B A RS, HRIAKFEREE . W0, MDD flieZ 3%
RIF SRS a Y, I B2 Rk R

FPS /& = 2 H A R h i E SR —, T MM 5+ IPP fl—4rF DMAPP 7£ 1 {3 fil
4 i ATk B4R AU L FPP. BRI FOIN FPS FE R R F AR T TS, 455 3RM . AR IR KF
S I e e A 2 AR R A, BT SEREAR RIS e & BB SE R (spermidine synthase,
SPDS), FFUESE T A BT g i 35 4 R i Sk DR A R AR Y, Ay o B PN A T T T i e ) o = B2 e Y
ML 0 FO BT ol B B8 T 3Rl . ST R . SPDS FE A n] RE 3 1o VR4 RS ) A i, (RIS T
MEP & 1% i G il ) R sl G M, ET S 5 =il B i A B
22 TiFERBRER

OSCs sz =1l i T We A= 906 i i v i > BR g, (W]t 2 =i b2 1 5 S B R A ) & B A%
MIAZ A3 SCTT o % BELL C30 A IRY, B RS WEf AL BT Ie 3R Ak . B AR HE S S — R AN R,
SERRRE AT R, B AR R B R A SE A Al B AR A . 2R RRE R X AT T A R A
P, RPN T =R AR A BT G OSC LN, RAE T EsOSCS FEH M4 1)h p-A it B A
fiff (B-amyrin synthase, BAS). I, EsOSC5 3N Jy 2 Ae dE g T pAS & BUAIAR R 5 G HESE A
FLAER R =5 B 0GR . BAS 9 OSCs 19— B0 WIFEAN BRI : pAS BEINAEFTA Y] & E Kol
PR p 34 FGRPN ) (HERIRACTAFE B 25 57 0 BAST FENAE A 25 B P Rra Rk, i pAS2 L
TEMF H v 2 kKB 5 . WAL, BAST LR MeJA ARG , T fAS2 F2 A ) 48 1k 7K Sk 53 25475
TP X TR 2 I8 BAS S VT B AZ AN [F) Y VR 4 3 R, R R X R O AR [ AR AR TR Y
=R A A K

b T bR A B, = A A E B s W K& M & B (squalene synthase, SS). & M I AL i
(squaleneepoxidase, SE) %50 S LA M. &M EEEILA (SE) JEAHY) =ik B H ALY & iR et 2L
K, HOReVEH T =i E A @B B . MArrss R . RS DU R, O rh SS2 F1 SET Rk
HOEUL LA i 3G, JF B = A 3 TE AR DG, X — S5 A IESE T SS2 5 SET B
TE = A B AR CAE T, Ak 38 o B 2 i R 4 DB B8 v ) o 2 e e AR T I 43
TR
2.3 HHEE P450 RINEE

CYP450s J& =il BT AEY) & a2 i i Sl , o7 DMk —ah B4 r s b . Rk . st
A6 B EEA AN AR RN, I = A e AR SRS AR A R R S T O CYP8S WK
JE ) P450 I ) B4 48014 pET30a-P450, SCBL T TN P450 HERITEJF R B RGP i REIE RS . it
i, HTE AT A B o 2 4 R IR IE AT s TR P450 BE R SRR FFAES T B Se A D) RE T
W5 RGeS B, IR 120 TR SR T IR =i 2 5 i CYP8S WK I , HA BRIy 9 e 45 2R
B —8. 1o, FIBAXHZIER AR =1, AT . KB MeJA AbBE T B3R iR,
G5 R H AWM KRR BV R AL R R RS, SR (MR 1Y 1.49 £5; & MeJA 5
FJE, RIXKFERE LI AHCHEDPIIESE . 238 PR 1 287K P55 00 00 S 2 17 5 B S A S 3 R AR OG
PERHON BAT G U ORE, RaR R B AR A SR R B R O et . JREL s, R
STl FAN CYP450 3518 (EsP450) FFREFIE T, K BL EsP450 (5 e 2R, CYP71 3ENFE, W%
SR TR K 5 OS5 =il G5B P450 53 A G R AW G0 AT BAIE i 3 T iR K USR VA 1Y
ARG KRB 5 TEAE (phylogenetic analysis by maximum likelihood, PAML), #E{LIR-GRNV A (mixed effects
model of evolution, MEC). Datamonkey 7 28 73 #1 IR 55 # 2L 3 Fh J7 v %) EsP450 $E47 5087, 45 R Wos .
EsP450 JCAEZERENL S, HEMEATUAR kSN 57, 2PN ERE AR, fER kb s oSy, 2Fim
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PRAP AL IRE s HAFSE T B[RRI AR AS i 5 fe 25 SRl 5 RS AE0T  o Ar A ELEp IR, i R4k
HEHIBEMATEEE T HORIER

HHEIXT EsP450 SEH A TFWFFR SCEREC A BR, H i1 F CYP450 RIGIN e 2 421, Huike
FOMAAF AR KMERE o it — 2 ff AT EsP450 JENAE =ik BT & P i 2R DI RE, nT NI RIRA
PRIY W] o AR A1l T SC IS U e EsP450 SE B AL TS M HOR, RIS B EERE IR R IR R G5 H
HIFUM CRISPR/Cas9 L BRAR 72, T IR A GG (A P PRI rvoase 6 58 PR X B 17 6 B ) SE PR R VR
[ AT 45 6 EsP450 5N A 8l X380 % S R ik, #8733k A 09 3 F AL . sbsh, o0t
EsP450 SRR HINAFAL G E . AR ET B2 Rz, DIAFEIREYG . MELHET
B M R AR, LB A WA L)) B AR S T A o A
24 MHEEEBEE

WL RS (uridine diphosphate-dependent glycosyltransferase, UGTs, EC2.4.1.x) & T Wi 5L #5 fil
(glycosyltransferase, GT) MK, BN FAEHY KR = YIFERALAZ OB, UGTSs #% .0 D1 B8 2 PR 1
WERZH WM (uridine diphosphate sugar) BTG THEMEFERL 2R T /N PR G2 IR I 78 =ik et
YA R, R =S OB Y UGTs ¥IH IS o Z B =il 5 45 H I B CHEAD 3R
WA HOK I E L TS ORI S TR E . KA, UGTSs A ks Ak S i B A =
il B A YA AR AP IR IR E A1 ZAEPE 5 AR IS Y 2 FE IR U e PRI . BRI AR Oy
TR FOm T GT PR B Rk e i SCHOG I Fohn S B S s s, oA TR, AR R B
. #RET GTRMNMFBE, K MeJA X HIRIXAF W . 250 L AR ™= fl fOme) GT R K&
KESAEBTERAEREES, HWNEENEEIEMC, Hd UGT 1£8 GT MG 1 55 =i 1T
PEEAL B O IR R, HRKKF 5 BB SRR ot . AT RI2EHE . UGTs
SR R AN SRR S R O . AR LIRS DA B2 R GT RN TES A KB FIES B
A RE, HRAEEAREER, BRI NMERAY, WA RIERRE (22 1
181 ff. TEAAnE T, M Rikidmem, 228 m R,

R R I P AR KA UGT I8, B SRR I UGT B 5 S8 1 & e i Gk 5, 1))
J R TR F A H BAT F &SN, Stz HiETaeiEdE; MR KRR IR UGT Rk T Hie A B
BB AT S, WK S R S TU B R (i CRISPR-Cas9. RNA T4)t) IESE UGT TRk 215
SRHET A XRAURFE TS, TTEHBR A R B R 2N F90 1%
FL[E]_F Y R AR SR S AT 68, 0 UGT FE R D BeFI A5 B4 5000 S0 . iz IRIR FRIRFE AR
BEHOH: —REE A R BN, R UGT BEiE MG L IRYIES & 1 4845 G i
fisi, H UGT EERe A de L Bie 5Enl ; — 240 il S DI RE o k- 15 (A0 B2 11 R s Bl T 07 %6 . A
¥ Nicotiana tabacum Wi IFRIKBAZEAY), SLIELE UGT H A PGE T vE 5 b FErE S, =2 nTiE
R A EARASE A2, 248 UGT W R R 7 DA S B R A Qg 2L B, B aff
FE = B AT A U AR T VR S B DR R T B SR TR S, A R N UGT 2R 1)
RETERMERL, eI U0 UGT PR Mgt 22 PRI 53 2 1) =il B2 6 AR 0 27 Ml AR H

3 R E A= dE R AN A RS R

FEA) T =0 A A A B 2 R 38 B DR D g sk o s e AR AR N, ATRA A
MO =G A A A AR R R A AR, i AR S N T R 5T 3 SR S T (transcription factor,
TFs) FIRM s AL i R TT .

3.1 ERETF (TFs)

TFs (X AR AAEH A ) & HAZAE YR s A% R i 5 RS 3l OB FH T4
SEMESE AR Sk . CH) TFs 35 84 D%, MKHE DNA 256 25 3R ARHIE, 4 il Bk 40 g i s X+
Z % (myeloblastosis transcription factor family, MYB). #1120 -FR- 12 4% 5% K F F % (basic Helix-Loop-
Helix, transcription factor family, bHLH). Bitt4se 2Rk 5% K+ %K% (basic Leucine Zipper transcription
factor family, bZIP) Z¢2Hf, Hrf MYB B R KRN FREZ —, Al ZHEAKAE . KA
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RS AR B A . FERITON R, 208 36 DSIERY 485 A5k sk 7 AL B AZ A ok o 3k SEJE PR ] R
Z 5B R, Hrh MYB N G o e w, [FRHEE S bZIP, bHLH f WRKY 4544 51
Z % (WRKY domain-containing transcription factor family, WRKY) 28 % ) % 51, WFFTUESE, MYB #%
SRR AT 45 A BT G OGS BRE R (14 R 2 XA P B R 638, bZIP . bHLH M2 WRKY 455805 1 51
WHEIESE 2 5k — A B #ok N5 8 3 71456 e 0 RB 8 B HES2 M IR #2808, Qi 1ol NAC
(NAM . ATAF1/2, CUC2V) ¥& 53 A Tl i 45 & S B R FE IR S s 7 2 VR E T, BEAS P94 456 DA ] 4%
R AR A X AL A i A T B = R AR T TR R PR iR AR
I, UGB T R 2 P B OE A T b S 21 AN 2L R O SR B A 1 1A L0 R
KM 3 F3 AT (far-red impaired response 1/far-red elongated hypocotyls 3 transcription factor, FARI/FHY3)
MURER, JFXNZIE R R AT 1508, TRk 4 D45 EsFPS IR s FRYFE SR . XA L A i
ST M ) 0 = A R AR A A A IR L PR T S,
3.2 DNA FE{L

T WL BALAE AT 57 322 Bl 58 DNA WL 5208 i o R e I . B, C5-HJkg:
TR (C5-MTase) 5 4 B (AMTase) R C B %, KL EsMETIa (1) SER844-ASP845-LYS846 5% Jk
NIREEG RN ZRG SR SO, T 5 AT R R 5 O HE B L DY ) 3l 1 Ak
KV, MRS A5G RE ST, fEdE R AR O RRALE i A RS M A DG R Rk, TR
FMLIB AL 5 A S R A G

738, ST R BRI MDD FE A ()5 sh+ AR o 2 FE AL 2 A 8P EsC5-MTase (Ul
EsMET1a) 5 EsdMTase #1047 E M4 0 (L5 1Y AL S 22 AL, HOS PP e 3 2 7 T EAIR S
e SR BG5S I 745 5, 1) MDD 3k, FEIR MVA i Aeii & b IPP B4y, DA il b 5 Al s
TR @ EDCIRSEE ST RS 3 7 AR, fREREE s, BYE MDD ik, RS AR
AT o ZHLEIAR L T SRR B R ORI, $87 1 BREE AR 5 a8 i 2 1 Joih 3 g 197 5 4 g
PR R R, e 1 RO IO R A R R A TR RS B
4 it

FITC ARy E e RO Y, RS BB . T A IS 35 0 25 Eh AL
T EAT BRI AP S0P S IR R IOy 7 e RN AT 324808, Il 1 3 T i 255 1 & #il
AU, TR A G I 20 A, N TR ORI, T P e H AR . 78 1992 4 H Ay
ChERELL B——2WmWifatay) G5 1 &), RITmeE s ey s, PRyl omss i, wrs
I PR R B A P30 1 A B

VE R T BAZ OV PR oY, =0 R B AR )& LR 2 Y B O E AT S i B 5 1), S5
W SINRAEEAH AR, DA NSRRI R R DIA OG . BEE SRR R 2L, =i 2 i A=
AR H a5 DI, FEOCHERG g A I A | B SR 5 DL R A ) TR AR U BIF S S MRS T R R . AR
1T, EEA B2 F X0 0 O =% 2 AR WA i R 0 R G HIR AN, AUA /D B0 5l il 2 PR e e
H s SERE T = 21 A5 0 i B RIBLE] i R 58 4 B, A5 R AFSE . IHG, VEH A S
AL AR JUAS 7 B RIESE . QO#E— 5 W R 00 =il 5 AR )65 oG I D RE . IR . xR
B BRI AL Qi — LT MYB, bHLH 555 5% K1 L & miRNA A CTAEHLET ;. QAR ™ iy
PFCINEY AF & i 22 5 HMGR, UGT 5555 R 3RIB A5G, HL i 2R B B 555 11k PR B 7 B A 25007 )
n, WMEFEE SR FRIUE (0 DNA AR 275 25 T S50 —JE DB T e AN [ 77 i ) IR RE PR ik 22
S, AR, 53X R 5P S o B R O 126 S XIS A A e Ak

BEE 7AW . AWE B S EORI B e, 228 R 5 SRl G 0 2 I T =il 52 Y BE il
WE5E 57l e B i R AR . AU 2025 4F 9 T, E TR OB IREE T, Genbank £l 122 h & Wik
AT 100 DRI A EE , (HRABIA . B RS H B =, /N RNA A B S
[ R H, HORERAY KRG 20m. Pk, A5 0T das 20 s ORECRE i b =ik 2 1 4E
Yy R 3 AL, A “ RWst sk — e S5 7 e SRR 4, AL Z )2 PR IR R T
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WICIA BAL AR R, RBCPEEPI ST, PR I PRI R, F2 88 00 B 5T 5251 D 6 20
BEgsEpls], Bl B B S R R A S A

WG B RAE A =G B R T AR B . R R TR S AR Y TREOR E AR YA HE
1%, nSEE B AR R LA PR, 2020 4F 11 H 16 H Nature Communication 338 , T BA7 & &L
WEEEAL IR HEEAN T R R I, BFSE N B FE W RE R A T AR P R R GO GE A =i
) B TR G R, e i s i A A 7= 258 1A HF5E N L A2 Panax ginseng
N S UDP-BE L% B2 1 (uridine diphosphate glycosyltransferase Pgl, UGTPgl), %EEEA & EIRY)
TSR, AIELE I R DU = Ak A b C20 (LI S- RUER L e A WESEAAB M . AERELE I AR,
¥ UGTPgl 5 AN THEMIFEANS WA BT R85, o SC8l 7 Ml 2 A A2 21 CK (20-
O-p-D-glucopyranosyl-20(S)-protopanaxadiol) 144 AE 4 & WY H AT L, ARRTE A B 92 4 B A R 5
PR AR H AR, SR T e PR A DR Rl SRS

SR =l B ) A 0 UL A A B o A B TR RSN SR R BOR A 7 AR, RS
HAEFE . MRS . IR BEIIG & A SARIG TS HOR, 5G4 TR 5 AR TR FB, fikif A
A =i E R AR T L SR BT R E O HRE SRR OL R RO B AR AR, A O = R Y L
A AE P BEHETRAR o AHZAE R S 2 AR U R4 AN S 2 AR 4%, X T RMIE LA R A 9K 2
— IR
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