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Fig.1 Construction of Rare Earth Strong Metabolism Chassis Cells and Biological Manufacturing of High Purity Rare Earth Elements
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Fig.2 Proteins Related to Rare Earth Element Metabolism: A. Lanmodulin,LanM; B. Hans-LanM Protein; C. Surface Display of dLBTs
on the Surface of E. coli Using the Lpp-OmpA System; D. Separation of Rare Earth Elements by Column Chromatography Based on

DlanM Immobilisation Strategy
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Fig.3 Microbial Based Biomanufacturing Strategy for Inorganic Composite Materials: Microbial Automineralization Strategy;

Microbial Surface Protein Display Mineralization Strategy; Microbial Enzymatic Mineralization Strategy
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Abstract Synthetic biology for materials science leverages engineered biological systems to produce strategic metals,
inorganic composites, high-performance biomacromolecules, and organic polymer materials. It offers advantages such as
environmental friendliness and resource efficiency, holding the potential to replace traditional petroleum-based
manufacturing models. However, its development is constrained by several core scientific challenges, including low
adaptability of microbial chassis, insufficient sensitivity in multi-scale dynamic regulation, a lack of biomimetic design
strategies for materials, and low mass and heat transfer efficiency in large-scale production. This article focuses on these
challenges and proposes integrating artificial intelligence to develop large-scale metabolic network regulation models and
high-throughput screening platforms. It also advocates for advancing the design of bio-inorganic hybrid systems to break
through material performance bottlenecks and calls for policy-level initiatives such as establishing special funds and
improving intellectual property conversion mechanisms to accelerate technological industrialization. The aim is to promote
the construction of a green manufacturing system encompassing the entire “raw material-synthesis-recycling” chain,

providing disruptive solutions for resource substitution, biomedicine, and the low-carbon economy.

Keywords synthetic biology for materials science; strategic metal-based biomaterials; functional bioinorganic hybrids;

low-energy biosynthesis
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