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Progress and prospect for synthetic biology research of the industrial
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Abstract: Filamentous fungi are a class of important microorganisms, which have played an important role in the
fields of industrial sectors and people's daily life for the production of food, medicine, and chemical products. With the
development of synthetic biology, filamentous fungi have shown more potentials. Aspergillus terreus is an industrially
valuable filamentous fungus, which has been applied in the production of the bio-based chemical itaconic acid and the

lipid-lowering drug lovastatin. The excellent synthetic ability of natural products and outstanding fermentation
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properties of A. terreus have been fully demonstrated through industrial applications. Meanwhile, it has also been
acknowledged that A. ferreus would be a promising filamentous fungal chassis cell for synthetic biology development.
In recent years, many studies have been performed using 4. terreus, including genetic engineering of industrial strains,
optimization of fermentation processes, elucidation of biosynthetic mechanisms, efc., which have significantly

contributed to the development of 4. ferreus synthetic biology.

Herewith, these recent research advances are reviewed from: 1) Synthetic biology tools for A. terreus. The
development of genetic operation systems is introduced, including the characterization and application of promoters
and markers and the progress of gene-editing technologies. 2) Industrial cell factory for the lipid-lowering drug
lovastatin. In addition to the biosynthetic pathway of lovastatin, the design and construction of an efficient monacolin J-
producing cell factory based on the industrial A. terreus strains are introduced in details. 3) Industrial cell factory for
the bio-based chemical itaconic acid. The biosynthetic pathway of itaconic acid and the systematic metabolic
engineering of the industrial strain are introduced. 4) Biosynthesis of secondary metabolites. The biosynthetic
mechanism and research strategies for the secondary metabolites are introduced. 5) The advantages and prospects of 4.
terreus chassis cells in synthetic biology are summarized, and the practical applications are listed. Based on the
research progress of A. terreus and other filamentous fungi, the challenges and future work of 4. ferreus biosynthesis
technology development are proposed, including enriching the genetic element library, developing efficient gene
editing methods and building high-throughput evaluation platforms. Addressing these challenges will provide more
alternative design strategies for building more efficient cell factories of A. terreus, and will also contribute to promoting

synthetic biology research of filamentous fungi.
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Tab.1 Biosynthetic gene clusters and products identified in A. terreus
lhiac] Bt FE R 9 5 Bl RENE ) 22 3R
T ATEG_00145 (ferd) nrPKS Ho.  OH [82-83]
TS~
(@)
terrein
2 ATEG 03432 nrPKS o H Q9 [81]
SO
HO OH
e}
6-acetyl-2, 7-dihydroxy-3-methylnaphthalene-1,4-dione
3 ATEG_06275 (atX) hrPKS Q [84-85]
(e}
HO
e}
terreic acid
4  ATEG 08451 (gedC) nrPKS [86-87]
5 ATEG_10080 (trt4) nrPKS [88-89]
6  ATEG_09617 (ctvA) hrPKS [90]
citreoviridin
7 ATEG_09961 (lovB) hrPKS HOUO [24]
ATEG_09968 (lovF) hrPKS /ﬁi 7°
é(g/
lovastatin
8 Atcurs] hrPKS OO [91]
Atcurs2 nrPKS Ho
N
OH O
10, 11-dehydrocurvularin
9 ATEG 03629 nrPKS [92]
ATEG_03630 NRPS-like
ATEG 07659 hrPKS
ATEG 07661 nrPKS
10  ATEG_03470 (ataP) NRPS [93]
11 ATEG 10305 (anaPS) NRPS [2]

asterrelenin
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b K0 B K 2 5 Esd) REE1 275 R

12 ATEG_09064 (apmB) NRPS [94]
ATEG_09068 (apmA) NRPS 9
[0) Y
c%:H c%rm

asperphenamate
13 ATEG_00700 (atqA) NRPS-like (2]
14 ATEG 02004 (apvA) NRPS-like (2]
15 ATEG_02815 (btyA) NRPS-like [95]
butyrolactones I
16  ATEG 03563 (atmeld) NRPS-like OH [95]
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jopsaV;
HO
o]
aspulvinone E (asp-melanin fif {£)
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\
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18  ATEG_00325 PKS-NRPS o [96]
(o]
T
(0] N
H
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19  ATEG_00913 (pytd) PKS-NRPS [76]

20  ATEG_04416 (astd) TC [97]
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Fig. 6 Gene cluster in the biosynthesis pathway of (+)-terrein in A. terreus
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Fig. 7 Gene cluster in the biosynthesis pathway of terreic acid in A. ferreus

ATEG_09615

CtvA ZDH CMet KR

(KS AT

2

8 X Mal-
CoA
4 SAM

o

£, o, CtD
172 %

hrPKS ATEG_09621

civB crvD cvC

l <’;( 5( cup 5:

citreomontanin

citreoviridin

B8 Citreoviridin AW A& B3k IR iR I A & 42

Fig. 8 Gene cluster in the biosynthesis pathway of citreoviridin in 4. terreus
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Fig. 9 Gene cluster in the biosynthesis pathway of acetylaranotin in A. terreus
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Fig. 10 Biosynthesis of Asp-melanin in 4. ferreus
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Fig. 11  Gene cluster in the biosynthesis pathway of aspterric acid in 4. terreus
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