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Abstract 

Natural antioxidants are facing a fast growing global market. As an important chasiss 

organism, S. cerevisiae has been engineered to develop a variety of cell factories, delivering a 

vast range of valuable products. We have constructed S. cerevisiae strains for biosynthesis of 

tocotrienols, an important form of the essential nutrient and common antioxidant vitamin E, 

and astaxanthin, the most potent natural antioxidant found so far, by means of gene mining, 

protein engineering and metabolic engineering.  

Biosynthesis of the bioactive 3S, 3'S-astaxanthin was made possible by introduction of 

the algal β-carotene ketolase and hydroxylase genes into a β-carotene-hyperproducing S. 

cerevisiae strain. Elevation of precursor supply and accelerated conversion of β-carotene to 

astaxanthin by directed evolution of the key enzymes further improved the astaxanthin yield. 

Finally, employment of a temperature-responsive dynamic regulation system facilitated 

high-density fermentation of astaxanthin, achieving the highest ever astaxanthin titer by 

engineered yeasts. 

Although biosynthesis of δ-tocotrienol in E. coli had been reported in 2008, the low 

yields and biosafety concerns discourage its further application in biotechnological 

production. Considering the GRAS (generally regarded as safe) nature of S. cerevisiae and its 

outstanding performance in heterologous production of terpenoids and aromatic compounds, 

we attempted to construct a tocotrienols biosynthetic pathway by introducing the key genes 

cloned from photosynthetic organisms, resulting in detection of γ-tocotrienol and 

α-tocotrienol in recombinant yeast strains. Subsequent identification and elimination of 

rate-limiting steps in addition to strengthening of precursor supply led to improved yields of 

tocotrienols. This is for the first time biosynthesis of these tocotrienols is made possible in 

nonphotosynthetic hosts. 
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