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THE ROLE OF PROTEINS IN DAMAGE INDUCED BY FREE RADICALS
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The initial consequence of oxidative stress in living organisms is chemical modification of cell
components. Recently increasing attention in this area has been paid to the modification of proteins. A
form of protein modification which has been studied in some detail only recently is peroxidation. In the
last 8 years, we and our collaborators have shown that a range of isolated proteins acquire

hydroperoxide groups when exposed to a range of biologically plausible oxidants. These include HO
free radicals generated by radiation or in the Fenton reaction, peroxyl radicals, oxidants released by
activated neutrophils, and peroxynitrite. In more complex systems, we also found protein peroxides in

the apo B component of LDL treated with 20 uM C u + + , and in irradiated blood serum.

These observations suggest that the formation of protein peroxides is a possible consequence of
oxidative stress in vivo. At present this has not been demonstrated directly for a number of reasons.
First, the present techniques for the peroxide assay do not yet have the required specificity and
sensitivity. Second, protein peroxides are unstable. While there does not appear to be an effective
ezymatic mechanism for the removal of such peroxides, they decay spontaneously in plasma with a
half-life of about 1.5 days. The products of this decay are hydroxylated amino acids. Carbonyl groups
are not formed, suggesting that their frequently reported appearance in aged or diseased tissues is
indicative of a phenomenon different from protein peroxidation.

Perhaps the most intriguing question at present is what may be the consequences of the generation
of protein peroxides. For proteins generally, it is widely believed that their main role in oxygen stress in
vivo is benign. They are known to react rapidly with many of the biological oxidants, many are good
chelators of transition metals and scavengers of free radicals, and some are effective antioxidants by
virtue of their -SH groups. While the reactions with oxidizing agents may lead to loss of their normal
biological function, for most proteins this may be trivial and lead only to the removal and replacement of
the damaged molecules through the normal cellular processes. However, our recent findings suggest
that this view may be incorrect for many proteins.

A remarkable feature of the process of protein peroxidation is its high efficiency. This is most
easily measured with proteins oxidized by radiation-generated free radicals. We found that, for some

proteins, peroxide yields reached 40% of the numbers of HO- radicals generated. Thus in effect,
almost half of these radicals can be converted to the much more long-lived protein peroxide groups. If
they, in turn, have the capacity to damage other molecules, the major oxidative pathway in vivo may
have the sequence: free radical -> protein peroxide -» another oxidized molecule.

We have begun to test this hypothesis by studying the ability of protein peroxides to react with
selected molecules. We found that peroxidized BSA and peroxidized valine can oxidize ascorbate and
GSH, but do not react with reduced nucleotide cofactors or with ebselen. Glutathione peroxidase

accelerated the decomposition of BSA peroxides, but the effect was only significant at 4°. Phospholipid
GSH peroxidase had no effect. Incubation of peroxidized lysozyme or insulin with glutathione
reductase led to partial inactivation of this enzyme, but no inactivation was observed during incubation
with peroxidized BSA or valine. Clearly, these effects are specific to individual proteins. More generally,
amino acid and protein peroxides were found to be a potential source of a range of free radicals when

reduced by Fe++. If this turns out to be a common phenomenon, protein peroxides may prove to be a
major source of oxidative damage.
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