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Abstract: In recent years, microbially mediated mineralization, a widespread form of
biomineralization in nature, has emerged as a research hotspot. This process not only exerts
profound influences on mineral formation and global biogeochemical cycling but also contributes
to mineral deposition within living organisms, thereby holding significant ecological and biological
importance. Among microorganisms, bacteria—characterized by high metabolic activity and
remarkable environmental adaptability—represent the most prominent agents in microbial
mineralization. This review summarizes the mechanisms of bacteria-mediated mineralization and
their applications in the biomedical field, with a particular emphasis on three principal
mechanisms: bacteria-controlled mineralization, bacteria-induced mineralization, and bacteria-
influenced mineralization. Furthermore, the potential applications of these processes in medical
imaging, targeted therapy, and tissue engineering are discussed. The overarching aim is to provide
valuable references and scientific insights to inform future research and facilitate their translation
into practical applications.

Keywords: bacteria-mediated mineralization; biomineralization; mineralization mechanisms;
biomedical applications
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Schematic diagram of bacteria-controlled mineralization (using magnetotactic bacteria as an example)
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Table 1 Representative bacteria, products, and mechanisms of bacteria-induced mineralization
Bacteria type Representative species Mineral products ~ Mineralization mechanism References
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producing Staphylococcus sp. H6, Cd-Ca co- and CO4>", elevating local pH and inducing
bacteria (UPB) Serratia marcescens, precipitates precipitation of CaCO3 and metal ions (e.g., Cd-Ca
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EMBI19
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reducing desulfuricans, lactate as an electron donor, decreasing local redox
bacteria (SRB)  Desulfobulbus potential and inducing metal sulfide precipitation
propionicus
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solubilizing QY14 organic phosphates, releasing PO, that combines
bacteria (PSB) with Cd*" and Ca®" to precipitate as Cd-HAP
Nitrate- Klebsiella aerogenes Green rust, Nitrate-reducing bacteria reduce NO3™ to NO,~ [55]
reducing gocethite using organic carbon as an electron donor. The
bacteria (NRB) produced NO,  non-enzymatically oxidizes Fe** to
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rust and goethite
Fe-oxidizing Ochrobactrum sp. Goethite, Fe-As Iron-oxidizing bacteria oxidize Fe** to Fe*" under ~ [56]
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A: Extracellular polymeric substances; B: cell wall; C: Surface-layer protein.
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Figure 4 Biomedical applications of bacteria-mediated mineralization (revised from Figure 5 in reference [92]).
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