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Signaling by Nonreceptor Surface-mediated Redox-active Biomolecules

Editorial

In this issue of The Journal Clerch et al. (1) show that hyperoxia
regulates lung manganese superoxide dismutase (MnSOD)
through a nonreceptor-mediated pathway involving G pro-
teins. These observations suggest a number of possibilities re-
garding the cell involved and signaling mechanism used. Regu
lation of MnSOD expression is a critical element in the lung’s
response to multiple forms of oxidant stress. It is likely that the
location of MnSOD in mitochondria imparts protection to
electron transport chain components enabling maintenance of
cell energy sources under conditions of metabolic stress. Expo-
sure to hyperoxia leads to a specific upregulation of MnSOD in
the mitochondria of alveolar epithelial type II cells (2). Selec-
tive over-expression of MnSOD in the mitochondria of type II
cells protects mice against hyperoxic stress (3). Indeed, the en-
hanced whole lung expression of MnSOD identified by Clerch
et al. (1) is likely to have occurred in type II cells. These cells
have a number of specialized functions designed to protect the
host against inflammatory stimuli, microbes, and pollutants.
In particular, they express extracellular (EC)-SOD and produce
the bioactive radicals superoxide (O,7) and nitric oxide (NO - )
(4). Selected biological functions of these radicals may derive
from their rapid interaction to form peroxynitrite (OONO™).
Which species predominates at the cell surface will depend on
the rates and sites of production of the primary radicals and the
local concentrations of antioxidant enzymes such as EC-SOD.
In this context one wonders if EC-SOD is not also regulated in
the model of Clerch et al. (1).

Two important questions are raised by this study. First,
what is the molecular mechanism by which small diffusible
ligands are recognized (i.e., what is the molecular sensor)? Sec-
ond, how are these redox signals transduced into changes in
gene expression? It has become increasingly clear that redox-
active species such as O,” and NO - play important servoregu-
latory roles through activation of cytosolic enzymes and tran-
scription factors. Signaling by these redox species may be initi-
ated in or at the plasma membrane (1, 5). Indeed, NO- and
H,0, have been shown to activate G proteins (6). A distinctive
feature shared by redox-active biomolecules is that they exert
biological activity by virtue of their chemical reactivity, as op-
posed to the traditional noncovalent interactions of ligands
with receptors. Metal- or sulfur-containing proteins are molecu-
lar targets for these diffusible signals. Critical thiols on the G
protein are, therefore, candidate regulatory sites. Such activa-
tion of G proteins by S-nitrosylation (7) would be consistent
with reports that NO - opposes pertussis toxin-mediated ADP-
ribosylation of cysteinyl residues (6). Analogous covalent inter-
actions of O, with protein thiols should be entertained. Con-
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formational changes induced in the protein likely serve as a
switching mechanism to transduce the chemical signal into a
physiological response.

It is possible that redox-active biomolecules (O, and NO -)
act as chemical sensors for one another and, as such, are one
component of the molecular basis of redox recognition. While
the reaction of NO: with thiols is relatively unfavorable, the
product of its reaction with O, (OONO") is highly reactive.
Thus, production of OONO™ at the cell membrane may chan-
nel O,7/NO- metabolism towards reactions with thiols, and
thereby serve as a genetic switch leading to upregulation of
MnSOD. This notion is supported by other findings in the
study by Clerch et al. (1). Oxidant stress was associated with
depletion of reduced glutathione without concomitant disul-
fide formation. This may be explained by the formation of
S-nitroso-glutathione (GS-NO) which has been previously
identified in airways, and is not detected in standard thiol as-
says. GS-NO could react with thiols on the G protein to trans-
duce the induction of MnSOD (5, 7).

The concept of nonreceptor surface-mediated covalent in-
teractions of redox-active biomolecules integrates their biologi-
cal chemistry into more traditional signaling paradigms; and
offers new insights into metabolic pathways which may regu-
late diverse cellular responses. In this context, the challenge is
now to demonstrate the specific roles of individual redox mole-
cules (0,7, NO-, GS-NO, and OONO") in the signaling path-
ways of type Il alveolar cells in response to redox perturbations.
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