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    Abstract
Microbial interactions with redox-active materials are ubiquitous in geochemical cycling and bioelectrochemical devices, but the biotic-abiotic interface has proven challenging to study due to the structural complexity of mineral substrates. In contrast, metal-organic frameworks are a class of porous materials that exhibit well-defined structures, extensive chemical tunability, and high crystallinity. Here, we report that metal-organic frameworks can support the growth of the electroactive bacterium Shewanella oneidensis. Specifically, we demonstrate that Fe(III)-containing frameworks, MIL-100 and Fe-BTC, can be reduced by the bacterium via its extracellular electron transport pathways and that reduction rate/extent is tied to framework structure, surface area, and particle morphology. In a practical application, we show that cultures containing S. oneidensis and reduced frameworks can remediate lethal concentrations of Cr(VI), and that pollutant removal exceeds the performance of either component in isolation or bioreduced iron oxides. Repeated cycles of Cr(VI) dosing had little effect on bacterial viability or Cr(VI) adsorption capacity, demonstrating that the framework confers protection to the bacteria and that no regenerative step is needed for continued bioremediation. In sum, our results show that the study of microbial-material interactions can be extended to metal-organic frameworks and suggest that these materials may offer a promising alternative to metal oxides in applications seeking to combine the advantages of bacterial metabolism and synthetic materials.
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