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Abstract: As a naturally occurring steroid sapogenin, diosgenin acts as the precursor of hundreds of steroid medicines, and
thereby has important medicinal value. Currently, industrial production of diosgenin relies primarily on chemical extraction from
plant materials. Clearly, this strategy shows drawbacks of excessive reliance on plant materials and farmland as well as environment
pollution. Due to development of metabolic engineering and synthetic biology, bio-production of diosgenin has garnered plenty of
attention. Although the biosynthetic pathways of diosgenin have not been completely identified, in this review, we outline the
identified biosynthetic pathways and key enzymes. In particular, we suggest heterologous biosynthesis of diosgenin in
Saccharomyces cerevisiae. Overall, this review aims to provide valuable insights for future complete biosynthesis of diosgenin.
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HHEH (Dioscin) J& T AR H, FUAF
TE T J& 2 %7 Dioscorea zingiberensis., #77 [
Trigonella foenum-graecum Z&4f 4 rh2 ) Sgim
T EH R R (Diosgenin)., M4 AR —1>
WAL (B 1P, EHE RS AL
M HA LRGN M E". i
XPEB R RFATAMEM, HETC SR 2R R
WA, el BA TS Hial
SR RE | A I I oh sk B R R AR R
RN LR, oIk R TR, A RIR
G AT Rz L, B AT C S5 IR -G s R iR
A AR, PR EE (Geraniol)! | 35
Hi /R 28 i EE — 4%  (Amorphadiene)™ | 7§ & fig
(Artemisinic acid)™?, 46245 (Taxadiene)™ ., B-#]
B NZ (B-carotene)™& HEIRIE , EHHE A
YGRS R 3 BB (1) CmEHRE A 2RI
MRife (MVA pathway) B G- IR 6 i -4- T R i
& (MEP pathway) 43 % A= B 5 % J 48 % iR
(Isopentenyl diphosphate, IPP) F1— H Ku4% 7 R 2
W 72 (Dimethylallyl diphosphate , DMAPP) ;
(2) IPP 1 DMAPP £ Z 0l vy, B4t 5 35
b, TERURREEE; (3) MHREEEL 2 A AL RS
B, AR TR R £, SRS (Cycloartenol
synthase, CAS). 4iJii {42 P450 fif (Cytochrome
P450 enzyme, CYP450s) FIJRTF M R4 R Bl
(UDP-glucosyltransferase, UGTs) 1E2 55 B K&
Jaf Fp A S e O

1 EHREFRWAMEGRER

EHERE T B, HAmATA N C5
SEIR MR BAST IPP Fil DMAPP, IPP #1 DMAPP 7E
EEERYIIAN I H MVA &R MEP ®i24:
L MVA BRI TAIE R, SRR RE
B R E R, MVA BRI T ZBEH
fitf A (Acetyl-coenzyme A, Ac-CoA), Ac-CoA %

% : 010-64807509

6 PRI SN, AR U B R A AR A 2 T
IPPRY. ik MEP &A884 T 3-B H e
(Glyceraldehyde 3-phosphate, G3P) FIHNdfR, %4
7 e F A A% IPP #il DMAPP (Il 1), IPP Al
DMAPP A HALPY | =% fe s Je S A e £ i
(Farnesyl diphosphate synthase, FPS) fiffk 1 FEAH
W, Ak e L AERERR (Farnesyl pyrophosphate,

FPP).FPP & & /41 (Squalene synthase, SS) Al
BIEHE S (Squalene epoxidase, SE) i&EZifiEfl,
ek S IR B A AL . Ak, TE R 2,3- 48 & I
(2,3-oxidosqualene) !, 2, 3-4 4k % M 24 miL f55 1
=0 B A3 3R . 2,3-F Ak B I A A A Y E A
J ML (Oxidosqualene cyclase, OSCs) 11k,

TE AN [R) 45 4 i U AR A R ik (B 2). 36
i o Pt A S T S M S R B S AT

75 CAS FISEE M AT (Lanosterol synthase,
LAS) #EALTE L. Mohammadi Z5 43 # T #4527 B
T. foenum-graecum " #57 2 KA W) A A0 5 AR
FC A, R & B LAS®, 2 A BR Bl ol iz
YA REFRR P EA, AR RRICH
IR AR T Ly 8 0 2R 0 R (AP, BRI o
P O B Y 9 A i 20 TRt AR 93 1K
- ERIEL, 24k, MEES R E BRI
A FE A o R S 4 B . Zhou &5 FH 2 41 R H g
(Methyl jasmonate, MelA) ¥ 5 #i ™ EL & & 3
B, T SRR A AL B R ) 22 A

KB CYPAS0 Al UGT Hk [K 2 5 JIH [ 1% f= J A& i 21
BRI Christ %85 H# B ARG CYP450 LA
(TFCYP90B50 Fl TfCYP82J17), I 7 it v f% £}
Saccharomyces cerevisiae 6 IEHIRE . TFCYP90B50
FITFCYP82J17 A 7E IR [l C-16 1 C-22 L& & i,
{HRAGE] C-26 frdbr=ysitafs B0, A s
C-26 2T 7E UGTs AL M usinfi ik, AR5
SRR, BREBEE P (A )P, B2
50 BB A AE DG PR TR 4248
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Fig. 1 Biosynthetic pathway of diosgenin in plants. Abbreviations: AACT: acetyl CoA acetyltransferase; HMGS:
hydroxymethyl glutaryl CoA synthase; HMGR: 3-hydroxy-3-methylglutaryl-CoA reductase; MK: mevalonate kinase;
PMK: phosphomevalonate kinase; MPDC: mevalonate diphosphosphate decarboxylase; DXS: 1-deoxy-D-xylulose-5-
phosphate synthase; DXR: 1-deoxy-D-xylulose-5-phosphate reductoisomerase; MCT: 2-C-methyl-D-erythritol
4-phosphatecytidylyl transferase; CMK: 4-diphospho-cytidyl-2-C-methyl-D-erythritol kinase; MECPS: 2-C-methyl-
D-erythritol-2,4-cyclodiphosphate synthase; HDS: 4-hydroxy-3-methylbut-2-(E)-enyldiphosphate synthase;
4-hydroxy-3-methylbut-2-enyldiphosphate reductase; IPI: IPP diphosphate isomerase; SSR: sterol side chain reductase;
SMO: C-4 sterol methyloxidase; CPI: cycloeucalenol cycloisomerase; CYP51: sterol C-14 demethylase; C14-R: sterol
C-14 reductase; 8,7-SlI: sterol 8,7-isomerase; C5-SD: sterol C-5 (6) desaturase; 7-DR: 7-dihydrocholesterol reductase.
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2 KRB
2.1 IRMEEESE

2,3-F L& TE OSCs KIEMMEAL T , AT FEAR
[ B, T8 Bk IE 25 . AkiE 252 EHE,
2,3- 584 3 s AT Y 1 22 Pl AS ) 25 44 1 S P2 D =
b G YA (K 2). CAS J& T OSCs %Kik,
Al 2,3-% LB I AE C-20 NI T, BB
PG F 27 (Protosteryl cation), ZJ5 C*-20 T
HEAR 2 C-9 i, FEAE ML & A IR R, 2,3-%F 4k
BRI R A28 Y2411, CAS ffbHLEE
KB, TEHAIRGST Arabidopsis thaliana CAS iffs5 H,
W S FEALEAS, K Tyrdl0. His477
T 1led8l S HARIL I RE R X E sk 23 ki
CAS Jpolm iRy, HARFE5 I Asp-Cys-
Thr-Ala-Glu (DCTAE)®4, DCTAE J#41 1] §1i
CAS SEMH4s & 5B Mashayekh 45 M

Protostery[ cation

A —
i CAS
Stérol e '
& C-9 cation Cycloartenol
~ Y @
(#\j 8 //" ,J’
Triterpene 0
‘ 0‘ 00
oy H Ok
Lupyl cation Lupyl

2 23-|UEmKHH®
Fig. 2 2,3-oxidosqualene metabolic pathway. LS: lupyl
synthase; B-AS: B-amyrin synthase.
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Hi BT T RS 756 KR Y CAS KL
(GenBank #3535 : APA19295.1), TfCAS 54l
CAS ¥4I ML R L 80%, H HA {451 2544 dak
DCTAE. HFRiHi¥ OSCs 5 it 1 i A 45 44 14 AR 4R
i, VA N2 OSCs =4i45##ifiHr (PDB ID:
1W6J (& 3B); 1W6K (/& 3C))., A2 0OSCs 4~
PTG AHE AR o Z5H3FR 3 AN /NW B & kAl
BT, A B R R R Ik CAS SN,
[F] IR AR LAS A9 2R 3K AT 3BF S s Gk il , sl =F
TG BGE R, HHEZ0 2,3- 5058 5%
CAS il p&B 1esh, s 2eikfs £ MVA B2
HMGR. FPS. SS HI SE, Al 2,3-%A b & 1
fg e 13637

2.2 {HBEta R P450 B

CYP450 J&— M HHE R S0 , i 10 5 4 T
AN IR R S AL SO, S5 2 MiRAR
WM E B, EEFEREDE T,
CYP450s X fjH [ iz C-22, C-16 Fil C-26 v & H Ak
M BRTC AT SR CYPAB0s B4y 8%
E, B 5EYE MR R R CYP450s fHiE ﬁE
b, CYP450s J& 456 T N 5t I 1) S Ak 3 D i
NADPH i A ik J5iff (NADPH- dependent
reductase) A HALHEH T, FIEFKIE CYP450s 75

NADPH

A NADPH e e,

CPRS. e ,,,.s,CYP4505 l lCYBS

(]

Lt “N‘(

LuAL'“L_LuALA_hguuuuLALLhLL

B3 CYP450s B FfEiB{A&R (A) F1AZ OSCs (B-C)
B =454

Fig. 3 Structures of the electron transport system of
CYP450s (A) and human OSCs (B-C).

. cjb@im.ac.cn



1182 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

PRI . H—, fRIE CYP450s IEH#fi# & ;
H=, fRIE CYP450s £ 84 HL T 30K . K
FF 4 Escherichia coli &t = )it ¥, CYP450s Joik
IEMEENERS, SEEBIKAIER. N-Kb
TR A eI ) 5, Biggs 2544 CYP450s N-7K i
B hk B4 (Bovine) A9 EKME A\ FREE 51K
(8RP), P T CYP450s 7E KT E. coli H1
EHFRP, 8RP LA N-A S TR Y 3% 2k ¥
G DA EEEE R 1 3, ] X CYP450s N-K ¥
M, LIEHIE CYPA50s & it &9, CYP450s
TE IR TE ENGEREm L08R, f o HBH A AL
LA . I8 R R 23 BRI CYP450s R 481
PEARARR s TTA J5EY feae BOh B AR
4, CYP450s 5 CYP450 it Jsifif§ (Cytochrome P450
reductase, CPRs) T LACXT . #i#i&, CYP450s
FE RS T CPRsM, H CYP450s 5411 (1,
% bs (Cytochrome bs, CYB5) 33kl 42 5
CYP450s Z4i iz (& 3A). ST EiRAf
5%, Paddon & 7€ PR TP L) b S U R K AR
Artemisia annua ) CYP71AV1, CPR1 Fil CYB5 3t
K, LUAshFamgs k=i CYP71AVL, CPR1 Fl
CYB5 [&ikf, W HEIER L, fRIE CYP450s
RGO EAL 25 AT R [ bk R B A £ i
CYP450s AR , Hausjell 2T THRM,
{HXE S5 CYP450s R GEHH Fii i . Nielsen
2558 3o S U T 40 i [X 38k 3R W (Subcellular
compartmentalization), =% Sorghum bicolor K
CYP79A1l., CYP71E1l il UGT85B1 ik F /%
Nicotiana benthamiana FYM-2&1A, M EEE
VeI IR IS ), 3 CYPA50s R4 iy
HEAER LIRS IR I 85 1 (Ferredoxins) A HL
Bk, BEREEALTRERIE PG, 55
5 CYPA450s R GEAFTEIDL 5 2 555 4+, Mellor 55 1L
BT 3 R AL R R — AR R TR
FH H 2Kk (Flavodoxin-like engineered protein)
X CYP450s R Gt IMEALRUR , KIS R T

http://journals.im.ac.cn/cjbcn

HEEE T, qfE/hNE IR NIRRT, NS
Y CYPA450s 2 5 #i (e A (4 A8 AL 5t e 12 144

23 REZHMEREREBE

WILAEFL M (Glucosyltransferase, GTs) &—4>
BOATHER, M R Sl =ik 55ERe
EZG T o R IERR TS AN | AL AL
FRSFIF S, GTs 0l 434 110 D55 (http:/lwww.
cazy.org/GlycosylTransferases.html) . UGTs J& T
GTs ik 1, B LR —#ifk (Uridine diphosphate
UDP) &AM A AR, P bl . B
U BTRLARORE | AW RN 2 R IR R A VS N 2
TR E M B MY R fEE R UGT
FEEH, filan, CAERIRGIT A thaliana JEF 4 H 4%
SE 107 A4 UGT WM, Hid UGT73C6 .
UGT78D1. UGT74F2 HI UGT75C1 f)IhiRELC B
HU (B S 5B R R A A UGT 31 14 KAl
B EHGER UGTs ol R ERI 8 M, &
FIE5F AR L. HATELA 10 MEY) UGTs Sk
SERIWERRAT (R 1), XEEHEY) UGTs dhiAkZif i
INHIEA GT-BHMT S (GTs 5% Pl 3k 47 B
Z—)eo

XA GT-B B4r &A1 & 5 Rossmann 1 & 451
FAAHI I C-2 sy R AN N-A Sty 25 4 358, B4~ 45
FA A0 S — AN A DU o BE5ERY B Hr8. UGTs
1) N-F C-A i 45 A4 SUER T P 2SN I 45 6 i)
MFE . BT RRBEILA S UGTs C- AR Imah il 25 4,
ZARGF 5 N-Rig g5 3845 5 . AR UGTs C-K
Ui 25 M R BEARRL, A5 DRSPS PSPG (Plant
secondary product glycosyltransferase) . PSPG J¥- 5|
T A4 IR AL T B LA 5 Y
5% /R Y, UDP-#i % B (UDP-glucose,
UDP-glu) % 547 F PSPG ft i — i i 4 & ki
HAELO, PSPG et 5% KL X Sk R i R ) =
FEH Han %4 UGT78D3 () PSPG JE/F 4T 5
JRAE (H380Q), UGT78D3 HiiH i UDP-FiHiff
W iR 3 UDP-glu Al UDP-AKESY . R[] UGTs
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*1 ERMRASHIRE _HSMERERERE
Table 1 The UGTs of resolved crystal structures

Protein Organism GenBank Uniprot PDB
UGT72B1 Arabidopsis thaliana CABB8091.6 Q04622 2VCE
UGT74F2 Arabidopsis thaliana AAB64024.1 022822 5U6M
UGT89C1 Arabidopsis thaliana AAF80123.1 Q8LGD9 6137
UGT78K6 Clitoria ternatea BAF49297.1 A4F1R4 3wc4
UGT71G1 Medicago truncatula AAW56092.1 Q5IFH7 2ACV
UGT85H2 Medicago truncatula ABE87250.1 AB6XNC5 2PQ6
UGT78G1 Medicago truncatula ABI194025.1 AB6XNC6 3HBF
UGT74AC1 Siraitia grosvenorii AEM42999.1 - 6L8W
UGT76G1 Stevia rebaudiana AAR06912.1 Q6VAB4 6INF
VvGT1 Vitis vinifera AAB81683.1 022304 2C1X

N-TR b 25 A 22 S R, AT 45 65 2 22 A h 3
TR LERE N-AR T2 UGTSs fEALSCR RN
AN S . LAILZ W (Kaempferol) Sz A, B
5875 (1305T) ffi UGTS5H2 i fbikdims 37 f5°2,
i S g (Domain-swapping) A BT
G, POEEEERE . Cartwright 2% T UGT74F1
5 UGT74F2 i A, B T4 it 2 % (Quercetin)
BRI 5 B3 LT AR TR NS , e
AR A, TR UGTs MUMEILCR | EY)
S S Xl e B

3 RRAREHREZNRER TG R
K-

REANEFERTEARESEE . U
BT LR s A A AR R i, R AR Rk T
Schnee %57 0L Rg I o 53 U8 2% 3k FOK s ¥ A i
(TPS10), WA T (E)-B-&& WM ((E)-beta-
farnesene) ™, 70 EE -t R SR 2 O
OV A v A AR P 0 AR AR . R ) R
AT AR P R A A T W ) S R B AR 0L 4 i
WEE, HARKZEE ., Ry, W2
KikaE, AESEEGEHBE CO, I H
CYP450s fUigf i p& $e ftid 7 7, HIFBS A7 7E MVA
M MEP &4 (Al I ik N R e o
—2%), (HIGE R RCRIL, E LR

% : 010-64807509

e BT Wk, AT RE AR Kb HL5 B
B R W AT o AR e B . BT R AT R 2 T4
w R AR R g mt ) g
NG . 5 RIGAT AR, P A
A CYP450s £ T M4 NI R 48, LIS
AR TR S B B . TR, VE R E
R, TG B S 05 2R R A 0 356 R A o e A
Pk, Paddon %57 FHERIE B REAL: P2 R, P ik
25 g/, Galanie %575 BRirs A 15 1 4 B — R i
ngifE (Thebaine) FIZ A (Hydrocodone)®®, =
FEOIRARVIE R R RZ W LG s, (HHR
P04 WA A R AT e = TEAITSY o AR AE A 3 [H]
0 MG SR, RIS plantiSMASH® Fi
1KP Project®™R 805 v W R IRIME bR ik 25 5 | 42
i S e I DR (i 75 0 R B R A R S R R A
W14 g AR o AT RECST (181 4), HRTEMEZ
P51 . Meadows S5 4 T =57 FPP R TG i Bk
(130 g/L)®, Souza ZFH4HE Ty I [EE P F) LTS
BEF bR RH68291%Y, — 3% My nl iy 3 5 i A2k
e

EWHREN TS BB LK, HHIEE 4%
B AR AL AR, T S B AL RCR T T (R
PIHER] . Ac-CoA &4 LB B RINATIAY) , el
BETE TP A A L Ac-CoA 1Y 56 # S5k [R] ] 184 Jin H:
P, Zhao 25t 351k NADP 6 #6170 1 i & it 5L B
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G-1-P 4— G-6-P +—Glucose

i PGMI HKK
z-f,ml l
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2 i/'nu lm('
k= ERG20
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.;2 e NADP N | » NAD*
£\ ALDGR ALD2 A
L S IPP
NADH
Acetate <—— Acetate ﬁ
2 i—’('f" ACS I
[=]
.2 Acetyl-CoA Mevalonate
g Lo Acetyl-CoA
~ ERGI0 HMGR

ERGI3

v
6

Gene: Endogenous gene —  One step reaction

Gene: Exogenous gene

4 RBEBSHHEERERSNER

Acetoacetyl-CoA — HMG-CoA

——*, Multiple step reaction

ERGI , ERG7
Squalene —— 2 3-oxidosqualenc®-——# Lanosterol

Jes !

Cycloartenol Ergosterol

M

Cholesterol

[— CYP450 T
P — f-glucosidase

i?iﬁ) ulm){E
% 29 :
- OH
OH UuGT 5
-OH —
HO' HO'

= Overexpression

Diosgenin
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® > Repression

Fig. 4 Protocol for engineering biosynthetic pathway of diosgenin in S. cerevisiae. G6P: glucose 6-phosphate; G1P:
glucose 1-phosphate; PDH: pyruvate dehydrogenase; PDC: pyruvate decaboxylase.

ALD6, FH5| AMFIEYPI 1R Salmonella enterica /)
Ac-CoA & i Hf§ 3 ACSqereaip  (Acetyl-CoA
synthase), 3225 7 Ac-CoA =1 (%5 i 1 13 40 i S5t
PRI Ac-CoA Al R A =JRIRTEFR (Tricarboxylic
acid cycle, TCA) Flid 54k Wi {4k 2, 1 iR 1 4
(Glyoxylate cycle, GYC). il lfHr 5 mR 4 il 3k X
CIT (Citrate synthase) FI#ijiili] Ac-CoA i A TCA
F1 GYC 43R, {8 Ac-CoA il MVA &%,

UDP-glu s iU i R I OCH IR . At 2
WA (Hexokinase, HXKI). % kiR L (o i
(Phosphoglucomutase, PGM1) 7 %5 k- 1- B 2 JR
T4} (Glucose-1 phosphate uridylyltransferase,

UGP1) fitfk, =4 UDP-glu. d#ik PGM1 Fi
UGP1 [ 42 UDP-glu 7. gl s i fl g
W BT LM F . NADPH 24 A g 3
BERMNEEHNHE T, LB AR (Aldehyde
dehydrogenases) fifk 2 EE A 2R, i ALD6

http://journals.im.ac.cn/cjbcn

5 ALD2 %if%. ALD6 X NADP J4# X T, ALD2
L NAD* 4 7108 Wim 25 e By s 1 rh o) 3
ik ALD6 Jf @Bk ALD2, #2141+ NADPH
Mk, Hirr ¥R A2 (Protopanaxadiol)
e b B O R AL CRIE T A R
HRIAL AR R P A o BB R R e, o S 40 Py
HME SR AR B AR AL, o] ShAS TR IR
Dahl 4§43 H1 % 5 6 7 b ) i FPP 85U ) 3
5, R HA A PR R IR SR A
VR s AT FPP I R A2 Sl S iy, fif
15 FPP BLZ/b, Sefib st 2 f570

4 RELERE

RS KA B RS R R T, H
AEEAAME. BT RBOA A BLS HE
BUEPEFB, AR R B BTG QIR B ) L
FrAAEYIAS BOE B 2 B0, HET, EHBER
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LD AR A iU A R E L MY T AR R GE
OB 285 0%, BOEMERE K BEREE 18 E A
BN, (AL RENE ROt 2, Ak, Joik
TolpAb A =0 Rk, A RS TR R R
Y2 R HOR T BOV S U R A6 G AT &R
BEWEST o 124 T A RIHE 24T DU LA : (1) R
SRR ARG (2) e R E K 3) S+
VIR RS IS B A RS T2 (4) B Yeg
A AR R U, BRI A
A RS SR A A T, 7 A
AR AR | 20 AEAS R 4 A s LA L
VAR R DLV ARSE e (1) FIH
iR A TR AR W T B, i O A Ny G
i) (40 CYP450s Fl UGTS)., i FL AN [RI Y
HEAL2E 57, Fa 7R SCBE R HE AL BOR AL — M o0 1
BU, ST 7 S T A SRR . (2) FEXT
ZHMAI K G BURTE , #5758 A R AL
fil. FF CRISPR Fl Red ZH 254 AR %Hig - 2L
AT g%, A ANSE, KRR /8
R SRR (3) R IR R AR TE N 4
A b B IR B RS, A N-Am T2 (5%
JUR TR S R N K e R 0 s i T s L
RNA A 5BHA N IKA M EL RIERS,
HMIFIRAR S IS S AN S A 46 43 T, 5
A0 5 L S [ s AR 1] g B R0, (4)
s v (] A P 5L ) 1Y) A0 L R R K L I
T S5 )8, JF R AR B R s R, AT A
FEARB R BT A G Ry DL e
Ry BT EEA, DR &,
iR I3 P 2 S5 W AR TR T A B A )2 SR e £
I, U R IR R A 7 S
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