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Overlooked biochemistry of growth inhibitory factor/metallothionein-3
as a sulfane sulfur binding protein

Yoshito Kumagai

Environmental Biology Laboratory, Faculty of Medicine, University of Tsukuba

Sulfane sulfur is a chemical state of the sulfur atom with six valence electrons that are
covalently bound to only sulfur atoms and cysteine-bound sulfane sulfur atoms in proteins have
received much attention as key factors in cellular redox homeostasis. Metallothionein (MT) is an
important cysteine-rich protein bound to metals, and is involved in three major biological functions:
homeostasis of essential metals, detoxification of toxic metals, and protection from oxidative
stress. However, the biochemical features of MT related to these functions have not been fully
characterized. We found that cysteine-bound sulfane sulfur serves as a linker to hold and release
zinc in metallothionein isoform3 (Zn,MT3) with an unexpected structure, C-S-S-Zn. Oxidation of
such a zinc/persulfide cluster bonding in Zn,MT3 results in the release of zinc ions, and the
formation of intramolecular tetrasulfide bridges in apo-MT3 efficiently undergoes S-S bond
cleavage by thioredoxin, thereby regenerating Zn,MT3. A 3D-structure modeling study confirmed
the critical role of the persulfide group in the thermostability and Zn-binding affinity of MT3. The
present discovery is not limited to Zn,MT3 and leads to the possibility of the fascinating function
of other Zn-binding proteins through sulfane sulfur.

Keyword: sulfane sulfur, zinc-binding protein, metallothionein, redox reaction
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