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Abstract: Organic molecules produced by living organisms, generally termed as natural products, are rich sources of

pharmaceutical drugs and biopesticides, and fungi are one of the most prolific producers of medicinally important
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natural products, as represented by penicillins, lovastatin, and cyclosporins. Heterologous expression is a commonly used
approach to study the function of biosynthetic genes of natural products, and a number of heterologous hosts have been
developed and utilized over the last decades. The filamentous fungus Aspergillus oryzae has long been utilized for the
production of fermented food and drinks in East Asia, and intensive genetic and molecular biological studies on the
fungus have allowed for its genetic engineering in an efficient manner. Importantly, 4. oryzae is known to possess a
relatively clean metabolic background with a low level of secondary metabolite production, providing an attractive feature
as a heterologous host. Furthermore, unlike prokaryotic and yeast hosts, most coding sequences of fungal biosynthetic
proteins can be directly introduced into A. oryzae in their intact form without removing introns, which simplifies the
transformation procedures. Collectively, 4. oryzae is a robust platform for heterologous production of natural products,
which not only facilitates the elucidation of the biosynthetic pathway of a given natural product but also allows the
activation of silent or cryptic biosynthetic gene clusters. Thus, the 4. oryzae host has been widely utilized for biosynthetic
studies, genome mining, and synthetic biology of fungal natural products. It should be noted that more than ten
biosynthetic genes can readily be introduced into the fungus, indicating that the majority of fungal biosynthetic gene
clusters can be easily transferred to the 4. oryzae host. This review first provides the general transformation procedure of
A. oryzae and the molecular biological tools available for the fungus. Next, recent successful applications of this fungal
host for the heterologous production of natural products are summarized. With the recent rapid advance in molecular
biology, such as the development of genome editing tools, we believe that the heterologous expression of biosynthetic
genes in A. oryzae will be performed in a much faster and more versatile manner in the near future, which would

ultimately lead to the discovery of useful natural products for drug leads and other applications.

Keywords: Aspergillus oryzae; heterologous expression; natural products; biosynthesis; synthetic biology
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Fig. 1 Structures of polyketides heterologously produced in the Aspergillus oryzae system
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Tab. 1 Representative polyketides heterologously produced in Aspergillus oryzae, origins of the
biosynthetic genes, and hosts used for the heterologous expression
WA A BRI 4 B DR SR RikfiE S R
YWAL (1) Aspergillus fumigatus A. oryzae M-2-3 [39]
2 Phoma sp. C2932 A. oryzae M-2-3 [40]
3,5-dihydroxybenzoic acid (3) Aspergillus oryzae RIB40 A. oryzae M-2-3 [41]
4 Nectria haematococca mpV1 77-13-4 A. oryzae NSAR1 [42]
anhydromevalonolactone (5) Xylaria sp. BCC 1067 A. oryzae U1638 [43-44]
betaenone B (6) Phoma betae Fr. A. oryzae NSAR1 [45]
2-acetyl-7-methyl-3,6,8-trihydroxynaphthalene (7) Talaromyces stipitatus ATCC 10500 A. oryzae M-2-3 [46]
8 unidentified fungus ATCC 74256 A. oryzae NSAR1 [47]
citrinin (9) Monascus ruber M7 A. oryzae NSAR1 [48]
10111 Arthrinium sp. NF2194 A. oryzae NSAR1 [49]
dalmanol A (12) Daldinia eschscholzii A. oryzae NSAR1 [50]
acetodalmanol A (13)
(-)-orthosporin (14) Menisporopsis theobromae BCC 4162 A. oryzae NSAR1 [51]
(-)-6-hydroxymellein (15)
benzopyran (16) Cladosporium fulvum A. oryzae M-2-3 [52]
flaviolin (17)
alternariol (18) Alternaria alternata ATCC 66981 A. oryzae NSAR1 [53]
alternariol monomethyl ether (19)
soppiline C (20) Penicillium soppi Okera-1 A. oryzae NSAR1 [54]
orsellinic acid (21) Fusarium sp. NBRC100844 A. oryzae NSAR1 [55]
22-24 Aspergillus terreus . oryzae AsnfAASCAP [56]
strobilurin A (25) Strobilurus tenacellus A. oryzae NSAR1 [31]
zopfiellin (26) Zopfiella curvata No. 37-3 A. oryzae NSAR1 [57]
shimalactone A (27).shimalactone B (28) Emericella variecolor GF10 A. oryzae M-2-3 [58]
spirosorbicillinol B (29) Trichoderma reesei QMo6a A. oryzae NSAR1 [59]
gregatin A (30) Penicillium sp. sh18 A. oryzae NSAR1 [60]
sporothriolide (31) Hypomontagnella monticulosa MUCL 54604 A. oryzae NSAR1 [61]
32 Emericella variecolor NBRC 32302 A. oryzae NSAR1 [62]
secalonic acid D (33) Aspergillus aculeatus CBS 172.66 A. oryzae NSAR1 [33]
TKL (34) Saccharopolyspora erythraea A. oryzae NSAR1 [63]
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Menisporopsis theobromae BCC 4162 " 1] /5 & i J&R
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(men2), 1% 7454 (=) -orthosporin  (14) I
(=)-6-hydroxymellein (15). Griffiths 25 ' £ K il
BRI T R REEF N E R R K
Cladosporium fulvum ] CfPKS1 3[R %, 5€ AL &
¥) benzopyran (16) Fl flaviolin (17) AW &
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TR P BERE (UstD) 13 M4 (LA (UstC. UstF1.
UstF2) 2 5 ustiloxin B (38) WIZAEM& ™. i
Ja, MEIdoKh E RUE RIS, K I DUF3328 H
AprY 2 5 [T RRIEXUA S M T i, 13 2146 &9
asperipin-2a (39) ' (B2 f15£2),

2.4 EREFAZEFSHRREHEY

LR X A I - F % OB AR Ik & B (PKS-
NRPSs) J& — Fl 2 45 #4330 1) K Y & i, PKS-
NRPS %% 4 s i PKS #.5¢ (KS, AT, DH, C-MeT,
KR f1 ACP 2545 #445) FINRPS #.50 (A, THCZ%
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flavus NRRL 3357 [1] cpad %5 K 75 K h 2 b 1T =7
JERIE, 1937 cyclopiazonic acid £ ¥4 i ] 44
cAATrp (40) f{F y PKS-NRPS ] 4§ 5 1 7= ¥ »
Heneghan %5 7 78 K it & 5 i K 1A ) Beauveria
bassiana 110.25 i) ten B2 X%, AR 7 3N HAHIHE
111k & W) pretenellin A (41). pretenellin B (42)
Fltenellin (43). FischZ5 " 7R K ph & b F IR R IA H
Beauveria bassiana 992.05 [f] tenS 3£ [K, M SZEL T
pretenellin A (41) FlI desmethyl-pretenellin A (44)
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%, BRI T AP 45, Wasil 5 U7 EK S
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1.4 ) tolypyridone C (49) . tolypyridone D (50)
(E2fz%£2),

2.5 FEEMLEY
i SR G R IR TP A A B LR TR R

NH,OH _NHH

38

0
o OH 2
lH i HO HO. - S
Yy 0
; H
39 A0 41
HO OH O 0 HO h
H HO, A :
I*-.. N s \yl\/\%\/'\)\/\”/\r\m
DI{J ) Iffl 0 C
44

45

Ha H O 0
A HO-_~HO. W
H H
46 47

HO. H 0 OH
O 280 By |
- . =
| = H -,“ | |
N7 07N 0]

H 4 49 ” 50
B2 2 ik i B R G IR IE AR PR IR AL & W 24

Fig. 2 Structures of peptide natural products heterologously produced in the Aspergillus oryzae system
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Tab.2 Representative peptide natural products heterologously produced in Aspergillus oryzae, origins of the

biosynthetic genes, and hosts used for the heterologous expression

A= E /e WE AT = B PR A RikmE 275 R
e[/ AU AN cycloaspeptide A (35) Penicillium soppii CBS 869.70  A. oryzae NSAR1 [66]
cycloaspeptide E (36)
KK-1(37) Curvularia clavata A. oryzae CNT [67]
LA AN ustiloxin B (38) Aspergillus flavus CA14 A. oryzae NSAR1 [69]
asperipin-2a (39) Aspergillus flavus CA14 A. oryzae NSAR1 [70]
REFIAERZ A Z I S &) cAATIp (40) Aspergillus flavus NRRL 3357 A. oryzae M-2-3 [73]
pretenellin A (41).pretenellin B (42) Beauveria bassiana 110.25 A. oryzae M-2-3 [74]
tenellin (43)
pretenellin A (41) Beauveria bassiana 992.05 A. oryzae M-2-3 [75]
desmethyl-pretenellin A (44)
45 Aspergillus clavatus NRRL1 A. oryzae NSAR1 [76]
aspyridone A (46) Aspergillus nidulans SB4.1 A. oryzae M-2-3 [77]
47 Magnaporthe oryzae A. oryzae M-2-3 [78]
didymellamide B (48) Alternaria solani A-17 A. oryzae NSAR1 [79]
tolypyridone C (49).tolypyridone D (50) Tolypocladium sp. 49Y A. oryzae NSAR1 [80]

ER) —RKREFEE LRI RATY, &
M IR AR BT R G M, MRS =
TTREHENER AR Bk, . =
W ARG R S AR ) A
(B . FLAMPUERAYE SR (EE . 4
AR AL PUBRGL L) R OV N B AP 24 K AS
(Zi) . AZRBHMEZ N EEI RS (=
MEHE . HTHAERERZWAEHTIRE, WRhE
V—HE &% KUPARH RIE. iR 3L
RN EME W Z N R AZ OB &R, REH
P ZE AT Lo T8 T DL ST e 10
T oK AR RIE LT A i R AL S Y& B
BIARAGEY),  H 10 W s S8 34 46 B 25 7T DLAE I
TE F 13 DL s R R I, DRk 2 R AR e i 2R
&P 5 IR R A TR, B Z N T 05k
FAEMWAEY G B A2 DL &G Y
AR KT . AR RGN KRG
SRR VIR TR B £, RIS ZELE
VI TR o
251 fFFREE

£ R4 A9 (sesquiterpenoids) & 5 &
15 MR T R Rk KA &8, EZEA T HE
i) & A AR A S E IR T 2 T Dk E

.

F= i B, Takino %% ¥ ) Botrytis cinerea SAS56

HOR LT R S R L R AR, IR LUK
SRR IETE £, SLBL T abscisic acid  (51) EWH
J% . Murai 55 ™ DK 8 o R R A TE 1, AW
A1 AN B BUE SRR A% F B B trichobrasilenol
(52). Lee s " LUK & i RA TG £, R
TGRSR (aneC) A =Fh 4l {4 % P450
lgsE A (aneD. aneE. aneF) %5 aculene D (53)
F asperaculane C. asperaculane D+ asperaculane E.
asperaculane F. asperaculane G (54~58) 4]
& i . Feng %5 ™ ¥4 Annulohypoxylon truncatum
CBS 140778 A I I LG . P450 S AL BE A £ 15 2
B0 PER AR B h RIERIL, R THED
brasilane A (59). brasilane D (60) Al brasilane E
(61> (E[3MZE3).
252 =ik
ZALER S TR B AN R A
B (GGPP), EAHUME. Bk, SilisnegEs
FhAEPDIEE ¥, Fujii 2 " ¥ Phoma betae PS-13 /1
LAl & U PhACS Jk PRy 3 FA) ik PR 3 N OK 2
BEAT YR #IA, AR T aphidicolin (62). Qin%E
2 B ¥2 48 W U7 ¥, (£ B B Emericella
variecolor NBRC 32302 % K 41 1 & B 7 — AN i I
HREEREE (EvrS), ks RIERIA, 1532
TN B B = FR R K& variediene (63) . Bailey
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OH

51

HOOC

54: R'=H, R*=H, R*=CH,OH
55: R'=H, R*=H, R*=CH,
56: R'=H, R*=OH, R*=CH,
57: R'=0H, R*>=H, R*=CH,
58: R'=OH, R*=0H, R'=CH,

A3

OH

OH

OH

OH

59: R=CH,

60: R=CH,OH
2tk i 5 R R IERIA AR E 2w R S 450

61

Fig. 3 Structures of sesquiterpenoids heterologously produced in the Aspergillus oryzae system

&5 B9 Yamane 25 'l Alberti 25 ¥ 43 5 LK h 2
JmlErEE, KW T HRAEEYMEERNEYD
pleuromutilin (64) FI4E4) 4 % . Mitsuhashi 25 M
53 9K Penicillium verruculosum TPU1311 1 PvCPS
H R F Penicillium fellutanum ATCC 48694 1 PfCPS
RS KM EET RIEERE, 587 —AAME
H il B 2R A 90 (+) -copalol  (65), IEBH T
PvCPS R Al PACPS B P [R] i EL A TT B s 24 1k iy
SR R s B A B T A - Mitsuhashi 55 U0 F 2
HAIZI B 7%, AE Penicillium chrysogenum MT-
12 R B T H A 05 I A B AN e M ik R R T
IR PcCS B, FRAEK & sE 3l 7 L&) 66
(IEED) & B o Tazawa 55 1 DK ith 25 9 5 5 7E 32
RIE T RIET Pseudocercospora fijiensis 10CR-1-24
) bsc FE[R %, SEZELT brassicicene T (67) fIEY)
A% . Liu &0 75 K #h 8 A X EH B Hericium
erinaceus yamabushitake Y2 H [ eri 28 K] 7% it 17 5%
WKL, 732 715 erinacine Q (68) .
Lin 25 M4 Myrothecium graminearum ZLWO0801 -
19w il £ Bl N OK B AT R RS, AR
myrothec-15(17)-en-7-0l (69) (K 4F1%K3),
253 ZARFH

R RS Y KR RAR Y, E

PO LM B IL IR £ (GFPP) NI4T b
& o et Oikawa B OE 4 U M Aspergillus
clavatus NRRL1 2| [F I HA T 2K 450k & il
5 G R B DI RN AcOS 3E R, FFLIKHhE N
SRR IETE X, 193] T 16E 9 ophiobolin F (70,
HIRF KRS E TR TR &) 2k 4
238 T 1E . Quan 5 " 7E Aspergillus calidoustus
CBS121601 H148 ] T AcOS [ [F] Y5 5 K AcldOS F+1E
Kith & FRRIE, MIfISZEL T ophiobolin F (70)
MILEY) A . Matsuda %5 U0 4 266 (R 2 32 48 1) 7
1 7E Emericella variecolor NBRC 32302 #1 #k F| T
AcOS [FIRFE Stl-SS, AR il & 2 IR RIEE 2] —
ASHT I = B Zms Ak A Y stellata-2, 6, 19-triene
(71) . Matsuda %5 " ¥f Emericella variecolor
NBRC 32302 {15 ) ¥ A4 8§ EvAS 78 K ith 2 o 5 5
#ik, 3K13 7 astellifadiene (72). Okada®s ™ M\
Emericella variecolor NBRC 32302 " #8 1| — % -l
G B EE A % EvOS, IR S K T F 3T
15, MIMSEEL T quiannulatene (73) Al quiannulatic
acid (74) AW & . Narita 55 """ ¥ Bipolaris
maydis ATCC48331 H #1147 & B BmTS1-3 § A K
ih & IR R E, 532 T &Y Bml (75) AN
Bm3 (76), ¥ Phoma betae PS-13 "1 [f] PbTS1 %= [H
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Fig. 4 Structures of diterpenoids heterologously produced in the Aspergillus oryzae system

SAKhEF, 5 2MHEDPbL (77 . Narita
&z LA Bipolaris maydis C5 R IS — % 2Kk 1k
GG A KB pe FE DR %, oK it 2 R R
15, 5ER T & () -terpestacin (78) HIAEM &
o Gao %5 M 7F Narita B 70 LAl b, 76 K i 2
o\ Phoma betae PS-13 ' bte & [R % H 11 6 45 5
Bg2L [N (breAPb) MAEACEGHEN (bteBPD), 15
F| 4t A& ¥ betaestacin 11 (79) . Huang %5 "' 7
Talaromyces wortmannii ATCC 26942 7 #K 21| & i 1%
B il 5L DAL AE N I ase 2 DR A, i 0 oK il B e R R
1k, UEB T %k R K A 54K A 4 asperterpenoid A
(80) MIAEME . Quan s M 78K il # b F K
15 H Aspergillus calidoustus CBS121601 ] — 2% /N3
D%, %5 D% s 0 SR AL B S I CacldAS) AN
P450 AL EG 5 M CacldA-P450) AR, AT S5 3R
7 asperterpenol A (81). asperterpenol B (82) ff]
WA . Guo 5 M IE I ik PR 4H 2 9 1 5 s AE
Aspergillus ustus 094102 /1 & 2| B /& & B 3
AuAS, ZFHEPIE K S IR IE W LA i &
¥) aspergiltriene A (83) Fl aspergildiene A (84) .
aspergildiene B (85) . (86) .
aspergildiene D (87) . Jiang % """ 7E Fusarium
oxysporum FO14005 4% 21| I & B 2 K] FoFS, il
oK R SRR R IL, 53 7 A fusoxypene A

aspergildiene C

(88). fusoxypene B (89). fusoxypene C (90)
(=) -astellatene  (91), {E Aspergillus terreus NIH
2624 AR B WG M5 A gL R A4S, FRAE K B 7 R
1k H 15 B4k A ) preaspterpenacid 1 (92) ()45
M3,
254 =@AeikE

=R EMEHRA R T2, BAZ
FRZGEE M, R RARGY I EZRIE . Ly
&5 s Aspergillus fumigatus Af293 ) hel 3& R 5 1E
K &E A RIERE, LI T P E helvolic acid
93 WA %W A K . Wang " Kk B
Nodulisporium sp. (no. 65-17-2-1) 75 4l ffl {4 %
P450 BN B A & R RS, B HSAKE
RV RERG TOARFLEWIENT 144
demethoxyviridin ZE#) & B 0] 724 . Cao 55 7 A
FHK 22 S K IE T Acremonium fusidioides ATCC
14700 [ fus FE K%, =42 7 1A BA MR E R =
i 24k A W) fusidic acid  (95). Wang %5 U F| H K
th & Bl Th F 3& T Thanatephorus cucumeris NBRC
6298 H1 TeP450-1 3£, 3RA5 T C19-5 AL 1) 96.
Cao %5 " ¥4 Acremonium chrysogenum ATCC 11550
() cep HE RRAE K Hh 85 b R FIA, RT3 T fusidane
HU$i4E 2K cephalosporin P, (97) (6 A1 3).
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73: R=CH,
74: R=COOH

77: R'=CH,, R*=CH,

7
79:R'= f.()()][ R? (_U()II 8

80 81: R=H
82: R=0OH

B5 oKl E R G IR ARIE AR IE AT i KA M S5

Fig. 5 Structures of sesterterpenoids heterologously produced in the Aspergillus oryzae system

95: R'=H, R*=0H
93 094 97: R'=0Ac, R*=H 9%

Bl6 £ ik ihd R g0 e YRk B AR =i K S R B & 451
Fig. 6 Structures of triterpenoids/steroids heterologously produced in the Aspergillus oryzae system

255 Zdk% T iEx A i s R IR R IR RS P T R
MR AY R —REMZ R, ks BT

FERImE RS Y, FT SR S5 R 7y 28 W] DAAR 95 45 () T 2% PP i R 2 s

oy B 754 A5 BRI 26 T SR HEAT T2, T A RE 2K R4k Schor %5 "' W& Acremonium strictum IMI

B B AT CARE A 4 . ASCKZRE PR 28 501407 19— % Z% il i DR AR A0 K il 85 vp R R Rk,
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Tab.3 Representative terpenoids heterologously produced in Aspergillus oryzae, origins of the

biosynthetic genes, and hosts used for the heterologous expression

EOPIEN WE WA TR = B PR A RIETEE 225 R
[RE abscisic acid (51) Botrytis cinerea SAS56 A. oryzae NSARI [92]
trichobrasilenol (52) T. atroviride FKI-3849 A. oryzae NSAR1 [93]
aculene D (53).asperaculane C(54)- A. aculeatus ATCC16872 A. oryzae NSAR1 [94]
asperaculane D(55).asperaculane E(56)
asperaculane F(57).asperaculane G (58)
brasilane A (59).brasilane D (60) Annulohypoxylon truncatum CBS 140778 A. oryzae NSARI [95]
brasilane E (61)
i aphidicolin (62) Phoma betae PS-13 A. oryzae NSAR1 [97]
variediene (63) Emericella variecolor NBRC 32302 A. oryzae NSAR1 [98]
pleuromutilin (64) Clitopilus passeckerianus ATCC 34646 A. oryzae NSAR1 [34]
Clitopillus pseudo-pinsitus ATCC20527 A. oryzae NSAR1 [29]
Clitopilus passeckerianus ATCC 34646 A. oryzae NSAR1 [99]
(+)-copalol (65) Penicillium verruculosum TPU1311 Fl1 A. oryzae NSAR1 [100]
Penicillium fellutanum ATCC 48694
66 Penicillium chrysogenum MT-12 A. oryzae NSAR1 [101]
brassicicene [ (67) Pseudocercospora fijiensis 10CR-1-24 A. oryzae NSAR1 [102]
erinacine Q (68) Hericium erinaceus yamabushitake Y2 A. oryzae NSPID1 [30]
myrothec-15(17)-en-7-0l (69) Myrothecium graminearum ZLW0801-19 A. oryzae NSAR1 [103]
A ophiobolin F (70) Aspergillus clavatus NRRL1 A. oryzae NSAR1 [106]
Aspergillus calidoustus CBS121601 A. oryzae NSARI [107]
stellata-2,6,19-triene (71) Emericella variecolor NBRC32302 A. oryzae NSARI [108]
astellifadiene (72) Emericella variecolor NBRC32302 A. oryzae NSAR1 [109]
quiannulatene (73) Emericella variecolor NBRC32302 A. oryzae NSAR1 [110]
quiannulatic acid (74)
Bml (75). Bm3 (76) Bipolaris maydis ATCC48331 A. oryzae NSARI [111]
Pbl (77) Phoma betae PS-13
(-)-terpestacin (78) Bipolaris maydis C5 A. oryzae NSAR1 [112]
betaestacin Il (79) Phoma betae PS-13 A. oryzae NSAR1 [113]
asperterpenoid A (80) Talaromyces wortmannii ATCC 26942 A. oryzae NSAR1 [114]
asperterpenol A(81)+ Aspergillus calidoustus CBS121601 A. oryzae NSAR1 [115]
asperterpenol B (82)
aspergiltriene A (83) Aspergillus ustus 094102 A. oryzae NSAR1 [116]
aspergildiene A(84).aspergildiene B(85).
aspergildiene C(86)-aspergildiene D (87)
fusoxypene A(88)- fusoxypene B(89). Fusarium oxysporum FO14005 A. oryzae NSAR1 [117]
fusoxypene C (90)
(—)-astellatene (91)
preaspterpenacid I (92) Aspergillus terreus NIH 2624 A. oryzae NSAR1
=i RS A helvolic acid (93) Aspergillus fumigatus Af293 A. oryzae NSAR1 [119]
94 Nodulisporium sp. (no. 65-17-2-1) A. oryzae NSAR1 [120]
fusidic acid (95) Acremonium fusidioides ATCC 14700 A. oryzae NSAR1 [121]
96 Thanatephorus cucumeris NBRC 6298 A. oryzae NSAR1 [122]
cephalosporin P, (97) Acremonium chrysogenum ATCC 11550 A. oryzae NSAR1 [123]
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RS T s 2R A& W) xenovulene A (98), KILT
PAHT AR NN B A A BB . Schotte & M 72K
HH & P s2 8L T xenovulene B (99)  Jz H R A=
WG R, RILT — Mg 0 S A I U 4 3 SR L
B (E7MED,

H 0

OH

H

H
e 0

98 99
E7 Skl RS IR AR TR S A G B SR
i 2 w40 A 0 45 44
Fig. 7 Structures of polyketide-terpenoid hybrids (synthesized
using a class | terpene cyclase) heterologously produced in

the Aspergillus oryzae system

(2) T 2R A A A Tl 58 T 4% ol

Itoh 25 "7 ¥4 Aspergillus fumigatus FO-1289 [
SR G RS g AN S I3 R B I S A K il B P e U
# 153K 1§ T deacetyl-pyripyropene E  (100) . Hu
25 WA Penicillium coprobium PF1169 & [ 41 /b &
I ppb K= DA%, i i oK it 27 e YR 9 0 R4 1 M 1)
ik A4F B T & ¥ 11-deacetyl-pyripyropene O
(101) 1 deacetyl-pyripyropene A (102), UEHRH T
2 PR 7% oh S A A € 3R P40 SN 4E e (ppb3-4)
HIZhfE. HuZE " 1E Penicillium coprobium PF1169
B DK 20 T R I ppb B DA%, 38 oK it 2 S YR AR A A
J& W ) M) 5 i A R T A A W) pyripyropene A
(103) . Matsuda 55 "' & Penicillium chrysogenum
NBRC 32030 ] adr 3 [ 8 H il 4 20 4 i A DY A G
Ul 2e TN i PNl NI i S I 7
andrastin A (104) . Matsuda 25 " W Aspergillus
nidulans FGSC A4 H KB T & 47 o I — R AR A X
T4 A5 )RR DR A%, o XA 5 DR A AE K il B P
P RIE KA T — R %) austinol [ 2E )& BCET AR AL &
¥, Ul preaustinoid A3 (105). Matsuda %5 2 PLK
it 7 8 A IRFRIETE £, IESE T anditomin (106) ]
WG R A H BRI Bl S I R T AT
i M5 I AL U 35 2E . Matsuda 55 U R B K B 25
I RIE T Aspergillus terreus NIH 2624 [1] P450 %4,

1B A0 S A B 55, #87R T terretonin (107)  HJ4E
V)& & 42 . Matsuda %5 U AE K il B X
Emericella variecolor NBRC 32302 [ ctr-P450 5 i
® &k, 15 21 H W citreohybridonol  (108) .
Matsuda %5 ' ¥4 Penicillium brasilianum NBRC
6234 ¥ pri FE K R 3 Kt &, 33 T &Y
berkeleydione (109), JFFRAE 7 AHEIE ML= ERAK
N A B (PrhAD 89 PO A AL B . Matsuda
PRI SN R IER A TE £, ORI T NI A
B (NvfD M ELY 7 (NVE) 25
novofumigatonin (110) {14 & K. Bai % ' %
Penicillium verruculosum TPU1311 1] cdm #& [X] #% 1E
K d& ik, SCIL T chrodrimanin B (111)
(AW & . O R AH T N Aspergillus
versicolor 0312 Fl Aspergillus felis 0260 ] 2% 7 —.
it A2 ) G F S DR 1% cle i DRI AN ssre i AT A K it 25
hRIERIE, B3 7ML RR R R A
¥ chevalone E (112) # sartorypyrone D (113) ,
3T 11 A Ak 2 Bl 4 A 1 T SO0 46 B 4 chevalone
E ] ASRIRATEG 121, 135] T 24> chevalone E ff)
Al ¥, Tsukada %5 " i I K Hh A SEEL T 5 4%
i 540 &) 114 24000 22 ME AV A& K.
Bai 25 " 4 Aspergillus sp. TI23 ) ol 11— & 4 i
RUIN ARG R i A O R e S oK &
JRERIL, SEHL T andiconin B (115) Flandiconin D
(116) W A% & M. Yan 2" ¥ Aspergillus
Sfuniculosus CBS 116.56 H1 (1] fnc J& K % 7 K ith 25
FIFEKIE, 133464 funiculolide A funiculolide
B. funiculolide C. funiculolide D (117~120) .
Wei &5 B DKt 8 9 SRR IETE 3, 8 RIE
T setosusin (121D WAYIE K (B8FIFK 4,

(3) M| Wik

Tagami 5 "' I OK M 8 IR RIE, S8R T W
WE ik 1k A W paxilline (122) W) AW & K .
Tagami %5 P 75K i 2 o 52 95 K 15 S0 T aflatrem
(123) F1 B -aflatrem (124) (4% & H . Liu
Sl fE K M & o 5E B T i Penicillium
simplicissimum AK-40 W prm & K] 7% 61 53 16 5] Wk —
i 2246 & ¥ penitrem A (125) WA & . Liu
G AEKRM E R EW T jan FEHE, BT
shearinine D (126) 1 A/B WUIN A 2 [ 44 & FbL
il . Kudo Z5 "1 ¥ Pseudobotrytis terrestris FKA-25
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Tab.4 Representative meroterpenoids heterologously produced in Aspergillus oryzae, origins of the

biosynthetic genes, and hosts used for the heterologous expression

AL FEN WE AT = B PR A ®ikTEE 275 R
T B I P10 g xenovulene A (98) Acremonium strictum IMI 501407 A. oryzae NSAR1 [125]
R %D xenovulene B (99) Acremonium strictum IMI 501407 A. oryzae NSAR1 [126]
1T i 45 T A il deacetyl-pyripyropene E (100) Aspergillus fumigatus FO-1289 A. oryzae M-2-3 [127]
CREA 75 11-deacetyl-pyripyropene O (101) Penicillium coprobium PF1169 A. oryzae HL-1105 [128]
deacetyl-pyripyropene A (102)
pyripyropene A (103) Penicillium coprobium PF1169 A. oryzae HL-1105 [129]
andrastin A (104) Penicillium chrysogenum NBRC 32030 A. oryzae NSAR1 [130]
preaustinoid A3 (105) Aspergillus nidulans FGSC A4 A. oryzae NSAR1 [131]
anditomin (106) Emericella variecolor NBRC 32302 A. oryzae NSAR1 [26]
terretonin (107) Aspergillus terreus NIH 2624 A. oryzae NSAR1 [132]
citreohybridonol (108) Emericella variecolor NBRC 32302 A. oryzae NSAR1 [133]
berkeleydione (109) Penicillium brasilianum NBRC 6234 A. oryzae NSAR1 [134]
novofumigatonin (110) Aspergillus novofumigatus IBT 16806 A. oryzae NSAR1 [135]
chrodrimanin B (111) Penicillium verruculosum TPU1311 A. oryzae NSAR1 [136]
chevalone E (112) Aspergillus versicolor 0312 A. oryzae NSAR1 [137-138]
sartorypyrone D (113) Aspergillus felis 0260
114 Fusarium graminearum PH-1 A. oryzae NSAR1 [139]
andiconin B (115) Aspergillus sp. TI23 A. oryzae NSAR1 [140]
andiconin D (116)
funiculolide A . funiculolide B Aspergillus funiculosus CBS 116.56 A. oryzae NSAR1 [141]
funiculolide C.funiculolide D (117~120)
setosusin (121) Aspergillus duricaulis CBS 481.65 A. oryzae NSARI [35]
1T 24 it s A A e paxilline (122) Penicillium paxilli A. oryzae NSARI1 [142]
(BRI aflatrem (123) Aspergillus flavus NBRC 4295 A. oryzae NSARI [28]
B-aflatrem (124)
penitrem A (125) Penicillium simplicissimum AK-40 A. oryzae NSARI [143]
shearinine D (126) Penicillium janthinellum PN2408 A. oryzae NSARI [144]
sespendole (127) Pseudobotrytis terrestris FKA-25 A. oryzae NSARI [145]
lolitrem B (128) Epichloé festucae var. loll A. oryzae NSPID1 [146]
oA S B 2 il LL-Z12728 (129) Stachybotrys bishyi PYH05-7 A. oryzae NSAR1 [147]
daurichromenic acid (130) Rhododendron dauricum A. oryzae NSAR1 [148]
5-chlorodaurichromenic acid (131) Fusarium sp. NBRC100844 A. oryzae NSAR1
ilicicolin A+ ilicicolin B (132 f1133) Acremonium egyptiacum F-1392 A. oryzae NSAR1 [149]
biscognienyne B (134) Biscogniauxia sp. (71-10-1-1) A. oryzae NSAR1 [150]

HR 7S AN RN OK AT R R R AL, 15 3
WG| i 25 4k A W) sespendole  (127) . Jiang &5 DL K
HAFIRRIELEE, T lolitem B (128) 1)
WG (BRI 4.

(4) Hifth

Li &5 M7 7R Kl 85 o 58 BT SR A ) O R
A& LL-Z1272p (129) (494 . Okada %

R DOK i 8y RIS B, e T SRR
V5 DCAS B RITE N I 2 A B BRI il ik, Sl
7 daurichromenic acid (130) FJZEM G R, HE—H
5| N Fusarium sp. NBRC100844 H (1] ascD F#£ K], 15
F| ¥ 1k & ¥ 5-chlorodaurichromenic acid  (131)
Araki %5 " ¥ Acremonium egyptiacum F-1392 1 1)
asc BN A K BF b RFERIL, BIALEY
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100: R'=OH, R*=CH,, R*=H, R*=H

101: R'=OCOCH,, R*=CH,OH, R*=H, R*=H

102: R'=OCOCH,, R*=CH,0COCH,, R*=OH, R*=OH
103: R'=OCOCH,, R*=CH,OCOCH,, R=0COCH,, R*=H

Hg
118: R=H
119: R=0H

117

: OH
CO,CH,

120 121

B8 £ Kl RS IR AT [0S 7 PR B SRR A i & ) 451
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