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Understanding the pathway through how dissolved Fe (dFe) release to the ocean is crucial, given the significance of bioavailable Fe as an essential micronutrient for the growth and metabolism of organisms. Enhancing our understanding of how sediments and ice sheets contribute dFe to the oceans should consider the role of microbes in the reductive dissolution of Fe-bearing minerals. However, the extent of bio-mediated structural Fe-reduction in cryospheric environments remains largely unexplored. In this study, we demonstrate that Shewanella vesiculosa, a psychrophilic bacterium isolated from Antarctic sea ice, effectively reduced structural Fe in nontronite (NAu-2) and maghemite (γ-Fe2O3), both common mineral phases in glacial ice and marine sediments in Antarctica, through two freeze-thaw cycles (-10 ℃ to +15 ℃), leading to dFe release. The mineral transformation observed in nontronite into illite-like structure and the observation of modified small maghemite with the formation of vivianite (Fe3(PO4)2·nH2O) indicated that microbes played a role in reductive dissolution of both minerals. Microbial activity in reducing Fe decreased as temperatures approaches to freezing (-8 ℃), but resumed during thawing period (+15 ℃). It is noteworthy that no discernable microbial activity was observed under freezing temperatures, indicating that temperature limit the microbial activity. Moreover, Fe-reduction was absent in control experiments (without bacteria) across both freeze-thaw cycles, regardless of temperature variations. These results emphasize how microbes induced release of dFe in cryosphere during seasonal changes, which is crucial for the nutrient balance in polar oceans.
