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Abstract: Vitamin E is a group of essential lipid-soluble vitamins with antioxidant, anti-aging, anti-tumor and other
physiological activities. It plays critical roles in maintaining normal human physiological functions, preventing
cardiovascular diseases, and treating Alzheimer's disease. As living standards improve globally, vitamin E is widely

utilized as a nutritional supplement and antioxidant in feed, pharmaceutical, food and cosmetic industries, generating
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enormous market demand. At present, more than 80% of vitamin E worldwide is manufactured via total chemical
synthesis. However, traditional chemical synthesis relies on petroleum-based raw materials, causes severe
environmental pollution, and fails to meet the market demand for vitamin E monomers with specific
stereoconfigurations. Extraction from natural vegetable oils is constrained by raw material supply and high production
costs, and cannot satisfy sustainable development requirements. By comparison, microbial fermentation has emerged as
a sustainable alternative for biomanufacturing of vitamin E, owing to advantages such as renewable feedstocks, eco-
friendly manufacturing processes, and the production of natural single stereoisomers. This review systematically
summarizes research advances in the heterologous biosynthesis of vitamin E using engineered chassis cells including
Escherichia coli, yeast and purple non-sulfur photosynthetic bacteria. Engineering strategies—including enhancement
of precursor supply, optimization of key enzymes, membrane and transport engineering, cofactor tuning, as well as
fermentation process upgrading—are critically analyzed. In recent years, advances in synthetic biology have offered
innovative strategies for engineering microbial hosts to heterologously synthesize vitamin E. Combined with traditional
metabolic engineering, technological breakthroughs such as enzyme engineering, transporter screening, and in situ
extraction have drastically raised vitamin E titers from micrograms per liter to grams per liter levels. Notably, the
record-high tocopherol titer of 3.51 g/L has been achieved in engineered Rhodobacter sphaeroides. Finally, future
research perspectives are proposed from five aspects: exploration of novel enzyme resources, global cofactor
optimization, strain engineering for improved product tolerance, integrated fermentation-separation systems, and
artificial intelligence-assisted design of microbial cell factories. This work aims to provide theoretical and technical

references for the microbial synthesis of vitamin E and other lipid-soluble natural products.
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Fig. 1 Biosynthetic Pathway of Vitamin E in Photosynthetic Organisms.

(MEP, 2-C-methyl-D-erythritol-4-phosphate; DMGGBQ, 2, 3-dimethyl-6-geranylg-eranylbenzoquinol; DMPBQ, 2, 3-dimethyl-6-phytyl-1, 4-
benzoquinone; GGPP, geranylgeranyl diphosphate; GGR, geranylgeranyl reductase; HGA, homogentisate; HPPD, p-hydroxyphenyl-pyruvate
dioxygenase; 4-HPP, p-hydroxyphenylpyruvate; PDP, phytyl diphosphate; MEV, mevalonate; MGGBQ, 2-methyl-6-geranylgeranylbenzoquinol;
MPBQ, 2-methyl-6-phytyl-benzoquinone; MPBQMT, MPBQ methyltransferase; HPT,
homogentisate phytyl transferase; TC, tocopherol cyclase; y-TMT, y-tocopherol methyltransferase.)

HGGT, homogentisate geranylgeranyl transferase;
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Table 1 Vitamin E biosynthesis by microbial cell factories
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Fig. 2 Biosynthetic Pathway of Vitamin E in Rhodobacter sphaeroides.

(HPT, homogentisate phytyltransferase; TC, tocopherol cyclase; y-TMT, y-tocopherol methyltransferase; B-TMT, B -tocopherol methyltransferase.
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Fig. 3 BchP-Mediated Tocopherol Biosynthesis.

(Enzyme promiscuity of B¢hP catalyzes the reduction of tocotrienol.)
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Fig. 4 Future Research Directions and Technology Roadmaps for the Microbial Synthesis of Vitamin E.
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