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Theoretical elucidation of uranium isotope fractionation by bacteria
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Variations in uranium isotope ratios are often discussed in geochemistry.
The biotic reduction by bacteria and the abiotic reduction by inorganic catalysts showed different
trends in isotope fractionation in the reduction of hexa valent and tetra valent uranium, but the
reason was unclear. To clarify the reaction mechanism of both, relativistic quantum chemical
calculation was carried out. Equilibrium isotope fractionation coefficients for biological reactions
were computed, which overestimates the experimental value by a factor of 3. Isotope fractionation
coefficients for abiotic reactions shows similar trend to those for biological reactions. Therefore,
the nonequilibrium isotope effect was found to be more important. The steady-state approximation in
the multistep reaction was introduced for the nonequilibrium rection and applied to the isotope
fractionation in the disucssion of biological uranium reduction.
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