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Biosynthesis of Fungal Triterpenoids and Steroids

Gao, Yaohui Wang, Gaogian Huang, Huiyun Gao, Hao Yao, Xinsheng Hu, Dan*
(Institute of Traditional Chinese Medicine and Natural Products, School of Pharmacy, Jinan University, Guangzhou 510632)

Abstract Triterpenoids and steroids are one of the largest classes of natural products composed of six isoprene units, with
various chemical structures as well as wide range of biological activities. Fungi serves as important sources for triterpenoids
and steroids. However, compared with plants, the types of triterpenoid skeletons discovered in fungi are much fewer, suggest-
ing that there is a large research space. Genome mining has become an important method of discovering novel natural products
in the post-genomic era, which uses the genes with similar functional to identify the target genes with new functions. With the
rapid development of high-throughput sequencing and biological information technology, biosynthetic pathways of some
triterpenoids and steroids with important biological activities have been elucidated in recent years, which build the foundations
for the discovery of new triterpenoids or steroids from fungi via genome mining. The recent advances in the biosynthesis of

fungal triterpenoids and steroids are mainly introduced.

Keywords triterpenoids; steroids; fungi; biosynthesis; genome mining

1 GRS AFEET SZHRARY=IEME &

= NS S I B TSI R — SRR AR
W, Iz A T ARG, AR . 7. YAy
BRI, FI, =it 450 2 R RO R
P, BUEE2013 4, AMTAE SR T 7 B3RS 1Y
=RERAAMEIL 22000 2. BIR =REAEL A
ERA R Z R, EENTAHRERIET F— K
2,3(S)-HE MG 1), IR 2R AR AR A
1ET I E M & 1 LB (OSC) 1 2 A 1, L REIE I i
A - st - R - P 207 K, 5
2,3(8)- 1 A S T A AL TR AN [ (K B 28, A B

* Corresponding author. E-mail: thudan@jnu.edu.cn

Received June 20, 2018; revised July 6, 2018; published online July 16, 2018.

Bev PRBTmLE . Frs. BFEE. EEk. PSR,
BIRgE. FRBOREEE. NG, AE R S AL
BEALEE . FBUKNE. B FE A2 M S a2 Mg R /R T itk —
LR Z R =i . Kb, SRR EE R
£ W (L 1 AN B0 B ] I I (R0 ) = il 2R A S i
I 2 3 A HE T A SR AAT A ke i 2 SR 20
FIRIRF ). WIX— MR, AR UBEA R =15 1
—ANEZ R

AT = wE A AR A S A R B R, EEATR
& VT EY I RE. — i e A e E T H B
RS R IEE AN B AE . e R, g2

Project supported by the National Natural Science Foundation of China (No. 31670036).

K HARFHFIE 4 (No. 31670036) % BT H.

Chin. J. Org. Chem. 2018, 38, 2335~2347

A © 2018 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 2335



BIHE

Lupeol

CPIR E )5 )

a-Amyrin

(B I5HE)

B -Amyrin
GracR i)

—— R R BRI

oo R B AR

Cycloartenol

(PR 2 )

B -Sitosterol
(B -7 55 15)

\\\\\

Lanosterol

CEE k)

Cholesterol

GENET)

Cucqrbitadienol
(B FE )

B 1 2305)-IE M EIGEAFFIFMUEE OSC AF M N IE AN R 3k & 42

Figure 1 Diverse triterpenoid skeletons derived from a single substrate 2,3(S)-oxidosqualene
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Figure 2 Representative lanostanoids from fungi
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Figure 3 Representative ergosteroids from fungi
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Figure 4 Other representative sterols from fungi
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Figure 5 Representative pregnane-type steroids from fungi
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Figure 6 Representative androstane-type steroids from fungi
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Figure 7 Protostadienol-derived triterpenoids from fungi
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Figure 8 Fernane-derived triterpenoids
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Scheme 1 Biosynthetic pathway of ergosterol from Saccharomyces cerevisiae
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Scheme 3 Biosynthetic pathway of helvolic acid
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C(1)'5 CQ)LETE BV T B 1 4 i #2 1R (46).

Ak, FATE KL HelC 1E4iEF NAD 155 Rl
DMER T2 ERSE COpRRES CUAp)RIENIEY
56, 58, 60 5 64, {13 C3p)FEIEM A A M IFEE, M5l
KBRS SLTE BAR LT = 4) 57, 59, 61 5 62. itk
Z Ak, BATE KB HelC /£ NADH 125 Fib k&4
C3)FEEI 62, 65 5 68 Hr i Vit [ & A C3p)Fadk
1163, 66 5 69. 73 7MAIHIE T P450 % {1 HelB1, HelB2
Y5 HelB4 Joi# &6 CR)HIEMIKY 55, 57 5 61 434
HALE 57, 59 5 62, 147 HelB1, HelB2 5 HelB4 JGiZ:
TERF&H COBREMIRY. FIH K ih 8 75 R Ak
Z, BAVGBF T IR RSB R T 0 & BRI 2B & %
#AR, NFHEE Y E AR EA B midE iR
HEfE DA R B e T LR
34 ZRBRXUEVHEMER

SR B RIRNA YR —REFFIRIN K, 7581k
BN C(A)F CO)Mr B & —MRIER, AREEMILEY)
AF5JR 2 F % & (wortmannin) . £f 8 2 (viridin) M 25 H
S SR R 5 2 (demethoxyviridin)., XAV EE i/
PUER . Pra LSBT e G 1, JUEANA 13 2 4H B IR )
B PBK FEEEHISIF]. BT IXRUA DS MRRaR, 1T
HydEtE 7z, REHeRAIRNTZ%E, 3 20 e
60 FARIFEE, AMUEFFIEXT LR 5T R BRI LD
A RHLE EIFRE . B IE UC kil tk & m
mevalonate B, acetate, H{XIEH TE@RERZALKE —
AR, MRV T 84k ) BiJS, Golder Z5B0@ g
¢ MC FRCHIEB R, IS IRERL AV AN &
FRETRANZE S B —FE AT R E B I, HaREREh
EWD NG B AW S g 42 4 322K, Hanson 45 X
M= LR EGERERNERPHE— PRI T —RINZFE
S B AT A C(6)F1 C(7)EE, #7278 C(24) LAk aT
e R AEAE 2 8 B ORI AT, X — 45 et e
M2 4. fumigatus 27 £ S BEAEDD 6 AR 45 256 UE
82 HEW i ERG6 [£$F C(4) R e 5
B CQOHA T EAL, BfE, dRaiifT &M B IEE
&1, 45 ERG11 /5 /) C(14) L H#, ERG24 /31
C(14)XVEIR R, ERG25/26/27 1AL C(4) it H FE i 2.
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HTRREXZWAEYIIRE T —A CHA I, BrAF
TN R AR AT RE R A AR 255 = A C@) R 2 T, =
RE SNBSS = A C(a)F IR 2, 5l KRG
BHERIBMEMIAEYA R E RIAE . FRA TGS A AT
WM — R E WP RIRE R & 1 W Nodulisporium sp.
(65-12-7-D) R Bl — R 51 4 HHZE 5 S YRR
T C(20)-C(22)7 W2 f2 7 # H8S Wi 58 R A 40 1 2B
G ERRE LR — B ®ATE T
Nodulisporium sp. (65-12-7-1)i3HA7 AR KW 7, @idF
, P4S0 g RN AE X I, JR4E A E R R L ST
CRISPR-Cas9 F Kl mi ik, BATH RS € T LR
R A RIE R, HEE 194N RR, ik HA )
15 NEERIBEAT R, 4G KR 4. oryzae NSARI S+
PRI, BATE RIE T 2P RS RN EDE IS
. T Scheme 4 Fi7R: H5E, 3 4> P450 S ALEE(VIdE,
VidG, VidR)Fl—™ SDR AL i4 J5E B (VidO) — AN AR F1EE
H(VidN)FE [FIVE A AL &4 71 8% 72, 2 B VidQ
Al C(HBIEERL 7 AL RFRIERIML G 73 B 74, KA
H(VidS)REE K 2E 1,4 KRB, i C6)hiF25E I 24k
BRI IR, BEJS Baeyer-Villiger B4 ALEF(VIdF). BRE
(VidP) Al il E B (VidH) - C(17)—C(20) 4 K A= W 4,
AR 17 SOARIE RIS 79 B 80, SRJE R P450 4
1LEF(VIdD A1 VidAYE C 05 F M, /5 P450 SHALEE
(VIdK)RAE 1 FLERA e B e 44 il 2 AR SR IR F 3% 39,
Horp SR (VidD R C-3 S I B S B (VidM)FE BN i 42
55 3 [ R AL RE R S B, ASHIT 70 i st s
UFSE T H W R A b e W = A2 5 Bae-
yer-Villiger B0 B (VidF) 48 4¥ 20 47 B FR ST 5 £ WAk
F=Y), BERG(VidP)/KfE LB =T B 17 R R 2R ) e
Y, BB AR(VIAH)E 17 755 R A S S A i
17 RrBABRFEE =W, FF H R D% W 24840 70 J i i
A1, JEHRA R, RERGE R C 377 &2
A~ P450 B VidD Fl VidA 25, 1% vidD Ak 11, 12
PRI RREE, VidA i 13 ALH LI 25, RS &3 C 3R,
XRANFTEAEMERLZ estrogen AEVN B RIEETH A&
ML, BFFE IR R I 1 A0 S MR LS P4S0 B VidK,
RENSHF SR FRA 1 A7, A v R 1 23 b= 4.
XL R IR 2 SR A Ak, RISV M SR N A
FRALIERAE,

4 RBE

HEDEA TS R =M SR E), 2RI
—E e AR EE IR, ARA P AEMEE S,
P Eos R, o H, SV, B A RRE
LR =il B SR S I EEHB JRRTE, FhIRAR
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_223F Ergosterol

T

HO

B i H

-
Lanosterol 24-Methylenelanostenol 4,4-Dimethylfecosterol 4-Methylfecosterone 4-Methylfecosterol

T

VidE/G/N/O/R

o

VidE/G/N/O/R

B4 EHASIRERNED G RERE
Scheme 4 Biosynthetic pathway of demethoxyviridin
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