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Studies on the iron oxidation/mineralization of ferritin
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Ferritin keeps cells from being damaged by reactive oxygen species produced by Fe?* and storages the oxidized iron in its cavity as
iron cores. The iron core contains a various amount of inorganic phosphate (Pi). In bacteria, the amount of phosphate is comparable to
that of iron. In contrast, ferritins from mammals contain only a tenth phosphate. It is not clear how the phosphate works in the iron
oxidation and mineralization process. In this research, | investigated the effect of the phosphate on the structural feature of iron cores
formed in the cavity of Escherichia coli ferritin (EcFtnA) and on its function. First, the structure of iron cores was characterized using
analytical ultracentrifugation, transmission electron microscopy and small-angle X-ray scattering. These experiments revealed that the
iron core was a cluster of small particles of which diameter were 2-4 nm in the absence of phosphate whereas it had a hollow spherical
structure of which the inner and outer diameters were 6 and 8 nm, respectively. The effects of phosphate on the oxidation/mineralization
kinetics were also investigated spectrophotometrically. The oxidation reaction showed at least two kinetic phases when iron atoms
beyond 72 Fe/protein shell were added. The initial phase corresponds to the binding of three irons to a ferroxidase center and subsequent
oxidation, whereas the second one reflects the turnover, that is, the movement of oxidized iron from the ferroxidase center to the cavity.
By comparing the kinetic curves with and without phosphates, it was revealed that the phosphate accelerated only the second phase,
suggesting that the phosphate increases the turnover rate of the iron oxidation and/or mineralization process by EcFtnA.

Neuroferritinopathy is a rare disease caused by mutations to human ferritin light chain gene (ftl1). While 9 of ten mutations reported
to date produce ferritin mutants extended from 4 to 16 amino acid residues in the C-terminal region, A96T is a point mutant associated
with neuroferritinopathy. The functional information of A96T has not been obtained in contrast to frameshift mutants. The iron
incorporation activity of A96T mutant was investigated by native-PAGE using Prussian blue staining and change in absorbance
intensity at 310nm. The result revealed that the iron incorporation activity of A96T is similar to that of human ferritin light chain wild
type, and suggested that the pathogenic mechanism caused by A96T is different from the model proposed for frameshift mutants.
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