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Crystal structure of a multifunctional 2-Cys peorxiredoxin heme-binding
- protein 23kDa / proliferation-associated gene product.
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Heme-binding protein 23kDa (HBP23), a rat isoform of human proliferation-associated
gene product (PAG), is a member of a recently identified peroxidase family referred to as
peroxiredoxins (Prxs) [1]. To date, more than 40 Prxs were isolated from several sources
including bacteria, yeast, plant, and mammalia. They regulate the intracellular
concentration of H,0, by reducing it in the presence of an appropriate electron donor.
Recently, H,O, has been implicated as an intracellular messenger that affects cellular
processes, and Prxs have been reported to reduce such H,O, . In addition, HBP23/PAG
has been reported to directly interact with the signaling protein, c-Abl, and to inhibit its
tyrosine kinase activity . HBP23/PAG also exhibits specific binding to heme.
Prxs have catalytically active cysteine at the N-terminal region, and most Prxs including
HBP23/PAG have additional conserved cysteine at the C-terminal region . The catalytic
cycle of these Prxs (2-Cys Prxs) has been appeared to link to the thioredoxin reductase
system, which is one of two major intracellular redox systems. To clarify the reaction
mechanism of a 2-Cys Prx and to obtain some information about the binding surface of c-
Abl and heme, the author determined a 2.6A resolution crystal structure of rat HBP23 in
oxidized form[2,3].

The structure revealed an unusual dimer structure in which the active residue Cys52
forms a disulfide bond with conserved Cys173 from another subunit by C-terminal tail
swapping. The active site is largely hydrophobic with partially exposed Cys173. In site-
directed mutagenesis studies, the replacement of Cys173 with serine was found to abolish
the peroxidase activity with a coupled thioredoxin reductase system. The molecular
surfaces around the active residues, thioredoxin Cys32 and HBP23 Cys173, show a general
shape match, suggesting a reduction mechanism of oxidized HBP23 by thioredoxin. Thus,

the unusual cysteine disulfide bond is involved in peroxidation catalysis by using




thioredoxin as the source of reducing equivalents. In addition, significant local structural

changes around the active site of HBP23 in reduced form are proposed. The structure also
provides a clue to possible interaction surfaces for c-Abl and heme. Several significant
structural differences, especially around the active site, have been found from a 1-Cys
Prx, ORF6 [4], which lacks the C-terminal conserved cysteine corresponding to Cys173
of HBP23.
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