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Abstract: Hydrocarbon tetraterpenoids, such as lycopene and B-carotene, possess diverse physiological functions
including pigmentation, antioxidant activity, nutritional support, and immunomodulation. Owing to these properties,

they are extensively used in the food, pharmaceutical, and cosmetic industries. Current production methods include
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natural extraction, chemical synthesis, and microbial synthesis. Natural extraction is constrained by limited raw
material availability, seasonal variation, and low extraction efficiency, making large-scale production difficult.
Chemical synthesis, while capable of high yields, often generates undesirable by-products and relies on non-renewable
resources and organic solvents, raising environmental concerns regarding pollution and chemical residues. With the
rapid advances in synthetic biology, microbial synthesis has emerged as a highly promising and sustainable alternative.
It offers significantly improved production efficiency, mild reaction conditions, a low carbon footprint, and
environmental friendliness, thereby accelerating the industrialization of tetraterpenoid biomanufacturing. This article
systematically reviews recent technical strategies and research progress in the microbial synthesis of hydrocarbon
tetraterpenoids, with an emphasis on two complementary aspects: pathway optimization and chassis engineering.
Regarding pathway optimization, key strategies include the screening and rational engineering of rate-limiting
enzymes, redirection of metabolic flux toward the target pathway, and disruption of competing branches. For example,
heterologous enzymes from different sources are often subjected to codon optimization, site-directed mutagenesis, or
subcellular relocalization to enhance their activity and substrate specificity. Pathway balancing via promoter
engineering or modular assembly further improves product titers. In terms of chassis engineering, effective approaches
involve the selection of appropriate host strains, cofactor balancing to support redox demands, optimization of
regulatory elements, and engineering of efflux systems to relieve product toxicity and feedback inhibition. Additionally,
adaptive laboratory evolution and transcriptome-guided target discovery have enabled the identification of
non-pathway genes that significantly enhance production. Finally, this article discusses future directions for further
improving the efficiency of hydrocarbon tetraterpenoid synthesis. Emerging technologies such as dynamic metabolic
regulation, high-throughput screening of enzyme variants, biosensor-based strain development, and cell-free
biosynthesis systems hold great potential. These advances will provide theoretical guidance and technical support for

sustainable green biomanufacturing in the field of natural product synthesis.
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Table 1 Pathway optimization strategies for the synthesis of hydrocarbon tetraterpenoids
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Table 2 Chassis engineering strategies for the synthesis of hydrocarbon tetraterpenoids
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