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Natural products are one of the major sources of small-molecule
pharmaceutical drugs [1,2]. However, discovery of novel natural
products to expand the pool of potential drug candidates is becoming
more and more challenging. Most of the traditional molecule discovery
methods are based on direct separation of natural product from its
natural hosts or homology search of biosynthetic pathways. However,
there are currently two main obstacles in discovery of natural products
from their native hosts: 1) the difficulty in cultivation of the native hosts
under laboratory conditions, 2) no or not enough production of target
natural products due to the silence of the biosynthetic pathway genes in
the native hosts. Therefore, novel platforms are required for efficient
discovery of new natural products.

Terpenoids are the most diverse natural products with more the one
hundred thousand structures been identified [3]. There are still a large
number of “hidden” terpenoids yet to be discovered due to the silence of
terpenoid biosynthetic genes [4]. In recent years, several strategies for
mining of natural product biosynthesis genes have been developed. The
traditional “chemical first” strategies excavate new compounds through
mining large databases of similar biosynthetic gene clusters (BGCs)
based on known enzymatic reactions. For example, Zhang used the
known biosynthetic origins of meroterpenoid family to discover new and
potential bioactive meroterpenoids and their biosynthetic pathways
from fungi [5]. Alternatively, mining BGCs based on genomes should be
helpful for expanding the coverage of compound discovery [4]. To
address the challenge in mining of silencing genes, Tiangang Liu and his
colleagues built robust microbial chassis for efficient activation and
overproduction of several “silent” terpenoids, which demonstrated how
synthetic biology can facilitate the discovery of natural products (Fig. 1).
In their studies, the filamentous fungus Aspergillus oryzae and budding
yeast Saccharomyces cerevisiae were harnessed for efficient mining of
terpenoid synthetic genes and discovery of new triterpene biosynthetic
pathways [6,7].

Filamentous fungus A. oryzae has the advantage of natural terpenoid
synthesis and subsequent structural modification and thus can be used as
an ideal host for expression of fungal BGCs. The research team

developed an automated and high-throughput (Auto-HTP) biofoundry
workflow for efficient genome mining in engineered A. oryzae. The
Auto-HTP includes several modules: bioinformatic analysis of fungal
terpenoid BGCs, plasmid library construction, rational refactoring BGCs
in A. oryzae chassis, high-throughput fermentation and product extrac-
tion, as well as structural and bioactivity characterization. Auto-HTP
enabled simultaneously constructing 208 engineered strains contain-
ing 39 transformed BGCs and detecting 185 distinct terpenoids [6].
Further optimizing the mevalonate (MVA) pathway significantly
improved the production of mangicdiene (87 mg/L) and mangicol J (12
mg/L) by 133-fold and 112-fold, respectively, which showed A. oryzae
as an ideal chassis for terpenoid production.

The budding yeast S. cerevisiae is widely used for terpenoid produc-
tion due to its convenient genetic engineering and clear genetic back-
ground [8,9]. The research team previously constructed a MVA
pathway-optimized S. cerevisiae YZ141 [10], which enabled sufficient
supply of the precursor farnesyl diphosphate (FPP). Based on this strain,
the authors expressed a variety of terpenoid synthases after excavating
genomic information from a public database and identified two novel
bifunctional chimeric terpene synthases, TvTS and MpMS, which could
synthesize triterpenoids by using hexaprenyl diphosphate (HexPP) as a
precursor, (unlike the traditional triterpenoid biosynthesis pathway,
which uses squalene or epoxy squalene as precursors) [7]. Biochemical
and structural analysis revealed the unique catalytic mechanism in
cyclization of HexPP.

The silence of terpenoid biosynthesis in natural hosts might suffer
from limited supply of precursors and/or the silence of BGCs, and en-
gineering native hosts is always hampered by lack of genetic tools.
Therefore, engineering eukaryotic model microbial chassis is an alter-
native strategy to expand the terpenoid kingdom and could further
improve the biosynthetic efficiency of terpenoids for industrial appli-
cation [11]. The strategies described in these studies could be helpful for
activating biosynthesis of more terpenoids and also other natural
products.
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Fig. 1. Engineering heterologous chassis for terpenoid discovery and overproduction. The silence of biosynthetic gene clusters and insufficient supply of precursors
(such as HexPP and GFPP) usually result in non-production of terpenoids in natural host. Engineering heterologous hosts, by enhancing the precursor supply and
activating the biosynthetic genes, will enable the discovery and overproduction of hidden terpenoids. MVA, mevalonate; BGC, biosynthetic gene cluster; GFPP,

geranylfarnesyl diphosphate; HexPP, hexaprenyl diphosphate.
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