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General Introduction
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natural products obtained directly from plants is still modest when compared to the sheer number
of plant natural products reported in the academic literature.82,83,84 Chemical synthesis is often
economically unattractive due to the complex structures of natural products, making microbial
synthesis a promising alternative.85,86,87,88

With the advent of synthetic biology, designing living systems for the tailored production of
bioplastics, functional foods, and natural products has become feasible.89 In recent years, several
natural products with application potential have been synthesized using engineered microbes.12,90

Three prominent examples are farnesene, artemisinic acid, and amorpha-4,11-diene production by
yeast. For example, α-farnesene was produced by engineered Yarrowia lipolytica, and its
production was improved during fed-batch fermentation via the expression of the HMG-CoA
reductase (Hmgp) from Bordetella petrii and acetyl-CoA acetyltransferase from Escherichia coli,
reaching a final titer of 26 g/L.77,91 Artemisinic acid production in S. cerevisiae was increased by
overexpressing essential genes involved in the mevalonate pathway as well as optimizing the
electron transport chain and yeast cultivation, reaching titers of 25 g/L.92,9 Amorpha-4,11-diene
production by S. cerevisiae expressing the amorpha-4,11-diene synthase (ADS) from Artemisia
annua harboring a fully engineered mevalonate pathway, including three copies of the truncated
gene tHMG encoding the ScHMG-CoA reductase, and using unrestricted ethanol as carbon source,
reached a titer of 40 g/L.93

Yeasts have long been domesticated and were used for the production of bread, beer, and
wine.94,95,96 Yeasts are simple eukaryotic cells with complete organelle structures, which allow
posttranslational modifications of proteins, thus ensuring the activity of many enzymes found in
other eukaryotes, including plants.80,89 Yeasts also possess redox systems that provide similar
biological and physical environments as encountered by cytochrome P450s in mammals and
plants.80,20 Due to these reasons, yeasts are considered excellent cell factories for producing plant
natural products, with biosynthetic pathways of varying complexity.94,97




