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TN WX 4 Essential roles of iron signals from both cytoplasm and
mitochondria on cellular iron homeostasis
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Iron exerts variable biological functions by binding to proteins as an iron ion or iron-prosthetic
groups such as heme or iron-sulfur (Fe-S) cluster. Iron ion directly binding to proteins is provided
by the cytoplasmic iron pool, whereas heme or Fe-S cluster are generated in and supplied from
mitochondria. Since majority of iron is known to be incorporated in iron-prosthetic groups, cells
mostly use iron in mitochondria. Cellular iron metabolism is mainly regulated by degrading iron
regulatory proteins (IRPs) via the SCF">*"° E3 ligase-mediated ubiquitination in iron-replete
conditions. Cellular iron homeostasis is considered to be maintained by the size of cytoplasmic
iron pool because the amount of FBXLS5 protein is modulated by its stabilization via binding of
iron ion. However, massive iron accumulation is observed in the lesion of patients with attenuated
Fe-S cluster synthesis in mitochondria, which seems contradictory to the current hypothesis. To
probe whether mitochondrial iron-prosthetic groups are involved in cellular iron homeostasis, I
established gene-knockout cells lacking molecules involved in heme or Fe-S synthesis using
chicken DT40 cells. Using the gene-knockout cells, I showed that heme is required for the
degradation of IRPs. I also showed that cells defective for not only heme but also Fe-S cluster
synthesis in mitochondria could not degrade IRPs in iron-replete condition because of defective

heme synthesis. Moreover, heme-binding to IRPs is prerequisite for their recognition by FBXLS5.

These results indicate that cells perceive iron-replete conditions and down-regulate IRPs only
when both the cytoplasmic labile iron pool and the levels of iron-prosthetic groups are adequate.
Thus, cells from patients attenuated mitochondrial Fe-S synthesis failed to suppress IRPs and

iron-uptake in iron-replete condition, which leads to massive iron accumulation in mitochondria.
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