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Abstract: Terpenoid natural products are widely distributed in animals, plants, microorganisms, and marine
invertebrates, with remarkable molecular structures and diverse bioactivities. A large number of terpenoids have been
obtained by direct isolation and extraction from plants and microorganisms, however, traditional mining methods based

on natural screening face challenges in discovering novel terpene natural products due to the increasing number of
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known compounds. The advent of next-generation sequencing and synthetic biology technologies marks the onset of
the era of genome mining driven natural product discovery, particularly in the exploration of novel terpenoids.
However, challenges persist in the genome mining of terpenoids, such as low yields, duplication of known compounds,
and low research throughput. In this review, we focus on recent advances in terpenoid discovery via microbial genome
mining strategies, including the use of the precursor supplying microbial chassis (Escherichia coli, Saccharomyces
cerevisiae, Aspergillus oryzae, Streptomyces albus, etc.), the microbial resources from extreme geographical
environments, genome deep mining strategies, and terpene mining platforms driven by artificial intelligence and
automation techniques. To obtain more diversified terpenoids using heterologous hosts, multiple microbial chassis with
enhanced precursor supply have been developed to improve product yield and thus facilitate the discovery of
structurally unique terpenoids. With the growing understanding of terpene biosynthesis machinery, deep mining of
terpenoid biosynthetic gene clusters and terpene synthases effectively addressed issues related to repeated and
irrelevant discoveries. Furthermore, the integration of artificial intelligence and automation platform into synthetic
biology has ushered in a period of high-throughput intelligent discovery for terpenoids, which has significantly
improved the research throughput and enabled the discovery of numerous terpenoids with new structures. Finally, we
discuss the current challenges and future directions for genome mining based terpenoid discovery. Driven by synthetic
biology and artificial intelligence, a new chapter for the discovery of terpenoids and other natural products will open.

We are looking forward to seeing more terpenoids developed into drugs and valuable chemicals in the future.
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Fig. 1 Types and structures of representative terpenoids
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Table 1 The main microbial chassis for terpenoid mining
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5}

Note: Escherichia coli and Streptomyces albus possess an endogenous MEP pathway. The former is mainly used to express terpene synthases

from bacteria, and the latter is suitable to express terpene biosynthetic gene clusters from bacteria. Both Saccharomyces cerevisiae and Aspergillus

oryzae possess an endogenous MVA pathway. The former is mainly used to express terpene synthases from fungi or plants, and the latter is suitable

for expressing terpene biosynthetic gene clusters from fungi or plants.
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Fig.2 Discovery of 24 terpenoids via systematic mining of fungal chimeric terpene synthases PTTSs™
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Fig. 3 Large-scale mining of terpenoid BGCs based on genomic data

(a) Batch mining of 26 terpene BGCs from filamentous fungi and the discovery of mangicol J*); (b) Batch mining of 13 terpenoid BGCs from

bacteria and the discovery of three new terpenoid skeletons'*!
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Fig. 4 Using yeast chassis for discovery of noncanonical C16 terpenes from bacteria””!
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TP R T TeroENZ il TeroMAP e 1, w2 Uit 5
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Table 2 Tools and databases for mining of terpene BGCs

[104-106]

e ” m -
BGCs #¥i 2
antiSMASH T A A O A S S DR L R TR DU Y R R L BGCs 464 hittps:/antismash-db.secondarymetabolites.org/ [107]
Database
BiG-FAM TR A £ i R A R R (GO B B2 45 https://bigfam.bioinformatics.nl/home [108]
IMG-ABC AR A BGCs I 4R Rl I PR 20 P % https://img jgi.doe.gov/cgi-bin/abc-public/ [109]
main.cgi
MIBiG TR & R R % S 5 T s BE S https://mibig.secondarymetabolites.org/ [110]
BGCs %%
W L
antiSMASH FHF B 2R 3R 2 BT 5 A= P IR RAR it = 4 35 R i https://antismash.secondarymetabolites.org/ [111]
ARTS I T i R 2H SR [ 290, 00 08 A0 0 R B AR R https://arts.ziemertlab.com/ [112]
BiG-SCAPE FHT#%8 BGCs B 7 I I 28 F H 43 2 31 GCF H https:/git.wageningenur.nl/medema-group/ [113]
BiG-SCAPE/wikis/home
BiG-SLiCE TAE K i BGCs, Ik 17 B AH A 0 24 44 7 GCF AR Y https://github.com/medema-group/bigslice [114]
ClusterFinder TR JE R 26 5 (1) BGCs https:/github.com/petercim/ClusterFinder [115]
DeepBGC A5 FH R 5 5 >0 1) 75 10 T D00 4 R 35 1 22 R 4 1 BGCs https://github.com/Merck/deepbgc [116]
e-DeepBGC FETURBE 31 J545, 58I T Plam 5 2., Tl I 40 1 3L 5 40 op — [117]
BGCs
RL-BGC BT Pfam 25 [ 5 45 M IR DhREVE BRI 546 %2 21 77 https://github.com/bioinfoUQAM/RL-bgc- [118]
2 A HERAS L B % BGCs components
PRISM4 T T A B R A 7 41, AR5 BGCs I A2 B 45 14 TR0 ) 21 https://prism.adapsyn.com/ [119]
G
SMURF FH T U 3 R 4 BGCs Fl& 42 Film 43 #r http://smurf.jcvi.org/index.php [120]
TeroKit i A I A 2 2 B AR D PR AR ) OB R I TE 2% http://terokit.qmclab.com/ [1]
[ e
ity 1y fie o0 T
CLEAN Ji FH S Bb 22 ST PR BRE B, B 08 06 A e AE 1) il S L 2 g T https://clean.platform.moleculemaker.org/ [121]
configuration
ECRECer FE T PR 2 O] S B AR AL Th RE TR https://ecrecer.biodesign.ac.cn/ [122]
PfamScan HR I Pfam HMM 48 2 3817 Bl 2 A 7000 2 4 https://www.ebi.ac.uk/Tools/pfa/pfamscan/ [123, 124]
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