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Figure 1 Biosynthesis of natural fluorinated compounds and the formation of enzymatic C—F bond. A: Categories of fluorinated natural products;
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D: engineering chlorinases enables the formation of C—F bond; E: radical fluorine transfer mediated by non-heme iron enzymes
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Figure 2 Site-selective fluorination strategies in PKS pathways. A: Engineered PKS modules utilize F-Mal-CoA to synthesize fluorinated lactone
compounds; B: MAT domain replacement enables the synthesis of fluorinated polyketide; C: engineered trans-AT mediates efficient in vivo site-
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Figure 3 Enzyme-mediated carbon chain extension of fluorine-containing modules. A: Representative strategies for the generation of fluorine-

containing compounds through enzymatic radical reactions; B: heme enzyme-catalyzed carbene insertion for highly selective fluoroalkylation;
C: construction of fluorine-containing compounds via enzymatic aldol condensation
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The introduction of fluorine atoms can significantly enhance a molecule’s metabolic stability, membrane permeability, and target-
binding affinity. As such, fluorinated compounds hold a prominent position in pharmaceutical development and biomaterial
preparation, demonstrating broad application prospects. However, traditional chemical synthesis methods face limitations in
controlling stereoselectivity and chemoselectivity, hindering the efficient synthesis of fluorine-containing compounds. With the
advancement of synthetic biology, biosynthetic approaches offer a novel strategy for the efficient production of complex fluorinated
molecules. This article provides a systematic review of the latest advances in the biosynthesis of fluorinated compounds, with a focus
on C-F bond formation and the carbon chain extension processes of fluorinated building blocks. It covers research progress ranging
from the elucidation of biosynthetic pathways to the construction of in vitro enzymatic catalytic systems, while analyzing the
discovery of relevant biosynthetic routes, modular recombination strategies, and enzymatic catalytic mechanisms. Meanwhile, it
discusses key scientific challenges in the biosynthesis of fluorinated compounds such as substrate limitations, and it provides insights
into future research directions in this field.
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