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Abstract

Terpenoids are the most diverse family of natural products. The artemisinin and paclitaxel
are well known antimalarial and anticancer terpenoids drugs, respectively. A mangrove
Ascomycota fungus Aspergillus ustus 094102 produces a series of biological active terpenoids.
Whole genome sequence of strain 094102 facilitates systematically unveiling the biosynthetic
pathway of sesterterpene ophiobolins. Using in vivo genetic manipulation, we obtained 5
gene cluster knock out mutants, which the yield of ophiobolin were changed and one
completely abolished. Involvement of 5 gene clusters in ophiobolin synthesis was confirmed
by investigation on the 5 key terpene synthesis enzymes of each gene cluster, either by gene
deletion and complementation or protein in vitro function verification. The results
ascertained that ophiobolin skeleton biosynthesis was involved by 5 gene clusters, which
related to C15, C20, C25, and C30 terpernoids biosynthesis. Using synthetic biology approach,
we constructed the E. coli chassis to produce the ophiobolins. The above 4 terpene synthase
genes related to ophiobolin production in strain 094102, were individually or combinatorially
overexpressed with Au8003 to mimic the original fungal biosynthesis. The biosynthesis of
ophiobolin scafford was increased by short-chain terpene synthases (C15 and C20), among
which the C15 synthase gene contributed the highest yield of 82.76 mg/L at 96 h; the
multi-gene combinatorial results suggested that cyclization may be a rate-limiting step.
Further protein engineering including fusion tags and phylogenetically-based mutations on
the rate-limiting cyclization part of the bifunctional terpene synthase enabled a further yield
improvement (>150 mg/L at 96 h) in shake flasks. These multiple approaches for
sesterterpene skeleton production using engineered E. coli may be applicable for
cost-effective, high-yield productions of ophiobolins and other compounds synthesized by
bifunctional terpene synthases.
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