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NiSOD: Reinventing the Wheel

Superoxide Dismutases (SODs) are metalloenzymes that utilize the one-electron re-
dox chemistry of a transition metal to catalyze the disproportionation of superoxide

(O2~) to dioxygen and hydrogen peroxide. The catalysis involves the so-called ping-pong
mechanism wherein the metal oscillates between two oxidation states to both oxidize and

reduce the substrate:
M@+ + Oz~ 2> M™ + O3

M + Oz~ + 2 H* > M1 + H,0,

202"+ 2 H* > Oz + H02

The rapid removal of superoxide helps cells to cope with the deleterious effects of superoxide
and reactive oxygen species derived from superoxide. Humans have two such enzymes, a
copper- and zinc-containing enzyme found mainly in erythrocytes, and a manganese enzyme
found in mitochondria. In addition to these types of SOD, an iron-dependent enzyme is found
in bacteria. The most recently discovered SOD (ca.1996) has a unique protein structure and
requires nickel in its active site — NiSOD. Among the available metals, nickel seems an unlikely
redox center. This seminar will discuss the protein adaptations required in order to use nickel
for biological redox catalysis in general and SOD catalysis in particular. The approach involves
systematically altering the nickel ligands through a combination of mutagenic and synthetic ap-
proaches, structural characterization of the metal sites by a combination of crystallography and
x-ray spectroscopy, and functional assessment via kinetic studies employing pulse-radiolytic
generation of superoxide. The results show that NiSOD represents a case of convergent evolu-
tion in that it employs many of the same protein features in catalysis as other SODs, but where
the adaptations to the metal site are uniquely suited to using nickel as a redox center. Recent
work regarding the maturation of NiSOD, which is expressed as a proenzyme and postransla-
tionally processed at the N-terminus, will also be discussed.
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