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Figure 1. Drugs from fungal natural products .

FERR[E B2 M (1), I e4f, WA HEUE 2
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Table 1. Characterization status of secondary metabolite biosynthetic gene cluster from model fungi

Species Strains Size/Mb

Putative SM Identified

Percent ratio/%

Core Genes metabolites
Aspergillus nidulans FGSC A4 30.07 53 17 32.1
Aspergillus fumigatus Af293 29.38 36 11 30.6
Aspergillus flavus NRRL3357 36.79 62 3 4.8
Aspergillus niger CBS513.88 37.20 79 4 5.1
Aspergillus terreus NIH2624 29.33 65 5 7.7
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Table 2. Fungal natural products successfully produced in heterologous hosts
Natural products Donor organism Heterologous hosts References
6-MSA Penicillium patulum Saccharomyces cerevisiae [12]
Mycophenolic acid Penicillium brevicompactum Aspergillus nidulans [38]
Chanoclavine-I Aspergillus fumigatus Aspergillus nidulans [23]
Geodin Aspergillus terreus Aspergillus nidulans [24]
Neosartoricin B Trichophyton tonsurans/Arthroderma otae Aspergillus nidulans [8]
Citrinin Monascus purpureus Aspergillus oryzae [39]
Aspyridone Aspergillus nidulans Aspergillus oryzae [30]
Terrequinone A Aspergillus nidulans Aspergillus oryzae [31]
Monacolin K Monascus pilosus Aspergillus oryzae [31]
Penicillin Penicillium chrysogenum Neurospora crassa/Aspergillus niger [33]
Enniatin Fusarium oxysporum Aspergillus niger [36]
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AP, Matsu-ura%E DUOHLURE B AR A ISR,
JICRISPR/Cas9 RGN Hht clr-209 )7 3§ ey
PRUE EHH R 3IT, W IOLR MR INE 5 5
esr- 107 5™ Nodvig%: iU 1% 28 G i FH T4 5L
Hhas . s . B A, aculeatus) . FiBRih
% (A. luchuensis) . EL7G i 2 F1 5 i 2 (4.
carbonarius)F 6P 2ZAR AR . FEMEARTF A& By
fill -, CATCH(Cas9-Assisted Targeting of
CHromosome segments)4 R & CRISPR/Cas9 &
4t 5GibsonZ G, AR TTIA100 kb 27
IR B, R oike K i BEDNAJT SR BE T8
Jitko

IR B R D T R R Y T Ry LT R AR
7100 i s DT 52 P e A R L TR SR 9K 7 0 1) S 5 A
FRRRAE T SRR ORI, B R PR LT R AR
PR IREG IR A T T ST AR

5 RE

g 2 L A e PRI A D P a0 1) s R B L0
7N EL TR TR A R DR RO A O 2 i R IR R AR
Y, B KRR R E RIS, m AT
INTEEE . Fir i A Minimum Information
about a Biosynthetic Gene cluster (MIBiG) (http://mibig.
secondarymetabolites.org/)EHE b UE BERE T5 Bl 2k P
FIOAR ZES A ) & U B R 7, X —$di ae
L RIFTE 0 L DR A ) £ AR IBCRE I 4 TT PREE

AW RAACR K Bty g i bR, ik
HE SRR BRGEMEN, WA HCRISPR-
CasO RGEIATE sUmR , RORHESER FH 220K H 1A
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WEFEHT A R IR P2 AR Sl sk T2 A
AP EE R 2 b R BT 25 T 318 CRISPR/CAS
WES, 58 kMACasOMCpfl RGEHIAIR, H
HAFEPERE, FIHCRISPR/Cas RS 7E KL N 4
D5 T RVE LR Z 60, A Sy FH 2 A 55 D5 2
T HSBA B RS w5 A—
T, T BRAR A B LIRS TRk
P IR F IR AR B2 . 1 e TR B T S M
BfE 3, 5 e BTl mEBRT A R R,
WD AR A AL T, A B B IR
HRGER . HK, EEEEHNT T THOR, Uk
VR TR TR rh b S B () 2 2 R R R S R T 1k
T34k, NI R T iz e 32 B oo R SR
K, XPAMEEED AT R4, (AR s DR A5 LA
TR HL Y B E .

HR SR T IE RGN AW ALK 7 B L
o R R 1 R S I X B R AR ) ) T R
EENRAR TN ], AL BRAE AR 3 T[] 74,
W B DB R A R D ag , a8 v] DA Ab AR 7= 4%
fF, Em . W TR, R A
FOIMACK B30 . 20 FE ) 15 RS S
e 245 B N DL K A R AR B3 A B 2 (U
&, XM LU E R A A
LN KRR = WA S U5 R A A A %
e AEH . BRTHEARM AR, BRRR WG
B 25 4 1 A ML A 2 (A5 IR i — A
BT, %7 1) W SRR 23 (5 3 R 8 DA IR
BUCokeE A B R £, AL EEEZEY
W R G BB e B A T A
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Abstract: Fungal products are important resources for natural drugs. Availabilities of many fungal genome sequences
indicate that fungi have the huge potential to produce secondary metabolites. However, many valuable fungal natural
products are hard to obtain under regular lab conditions because fungi are slow to grow, difficult to genetically
modify, or have low yield of desired metabolites. Therefore, developing a heterologous expression system has been an
efficient approach to discover novel natural product and elucidate the complicated biosynthetic pathways. This review
describes several heterologous expression systems that have been successfully used for the expression of fungal
biosynthetic gene clusters. Also, we address the application perspective based on the emerging DNA assembly

technologies.
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