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dase inhibition). In contrast, inhibitors of thioredoxin reductase, auranofin and 1-
chloro-2,4-dinitrobenzene, attenuated H2O2 removal rates in mitochondria by
over 70%. Furthermore, oxidation of thioredoxin-2 via arsenic resulted in a signifi-
cant decrease in H2O2 removal whereas copper-induced glutathione oxidation
showed minimal effects.  Inhibition of the thioredoxin system also exacerbated mi-
tochondrial H2O2 production by oxidative-stress inducing agents such as
paraquat. These data suggest that the thioredoxin/peroxiredoxin system is the major
contributor to respiration-dependent H2O2 removal in brain mitochondria.
Additionally, mitochondria pre-incubated with paraquat showed severely compro-
mised H2O2 removal rates (up to 80% decrease) and inhibition of thioredoxin re-
ductase activity in a concentration-dependent manner, suggesting dysfunction of
the thioredoxin system in response to environmental neurotoxicants. Therefore, in
addition to their well recognized role in the production of ROS, mitochondria may
also participate in cell signaling events and/or pathological processes by serving as a
potent net ROS removal system.
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Among the most toxic components of diesel exhaust particles is 9,10-phenan-
threnequinone (PAQ), a known redox cycling agent. During redox cycling, PAQ
undergoes an enzymatic NADPH-dependent one-electron reduction to a semi-
quinone radical. Reaction of this radical with oxygen generates reactive oxygen in-
termediates (ROI). We found that recombinant NADPH-cytochrome P450 reduc-
tase (Supersomes™) readily mediates PAQ (0.1-30 μM) redox cycling and
generation of ROI, including hydrogen peroxide (Km = 1.1 μM, Vmax = 282
nmoles/mg microsomal protein/min), and in the presence of redox active iron, hy-
droxyl radicals. PAQ was also found to stimulate the production of ROI by Chinese
hamster ovary (CHO) cells. Lysates from CHO wild type cells (CHO WT) and
cells overexpressing cytochrome P450 reductase (CHO OR) both generated hydro-
gen peroxide. (The Km and Vmax were respectively 0.52 μM and 3.1 pmoles/unit
activity/min for CHO WT cells and 0.32 μM and 34.3 pmoles/unit activity/min
for CHO OR cells). Using self-referencing microelectrodes, we found that PAQ
redox cycling in intact cells was associated with increased oxygen uptake and cellu-
lar release of hydrogen peroxide. Similar amounts of hydrogen peroxide were re-
leased by both cell types. Taken together, these data indicate that cytochrome P450
reductase can mediate PAQ redox cycling; however, similarities between the CHO
WT and CHO OR cells indicate that both cell types have adequate ROI detoxifi-
cation despite differences in their cytochrome P450 reductase activity. Supported
by NIH grants AR055073, ES004738, CA100994, CA093798, and ES05022.
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The term ‘phagocytic synapse’ describes the interaction between the professional
phagocytic cell and its target via a complex system of receptors, bridging molecules
and ‘eat me’ signals. We hypothesized that the phagocytic synapse is not merely a
cell-cell interaction, but also a redox synapse. We predict that the apoptotic neu-
trophils activate macrophages by PS externalization to utilize them as donors of
H2O2 thus satisfying high demands of neutrophils’ myeloperoxidase. The provision
of H2O2 to the neutrophils may thus lead to the enhancement of myeloperoxidase
activity; it may also induce the release of oxygenated free fatty acids or resolvins
from apoptotic neutrophils. The local release of oxidized free fatty acids or resolvins
may function as a signal to promote the uptake and clearance of apoptotic neu-
trophils. To test the hypothesis, macrophages differentiated from human mono-
cytes and differentiated neutrophils from PLB-985 cells were used. The extracellu-
lar H2O2 levels were monitored by Amplex red assay. Our results show that
macrophages have a higher H2O2 generation at resting state than neutrophils, while
macrophages produce lower levels of H2O2 than neutrophils upon activation with
PMA (10nM). This suggests that macrophages are not likely to be the major

providers of H2O2 for activated neutrophils. In cells co-cultured in the presence of
H2O2, PMA, or H2O2 plus PMA, the extracellular H2O2 levels were markedly de-
creased compared to either macrophage or neutrophil incubations alone, suggesting
an enhanced consumption of H2O2. This consumption of H2O2 was not dimin-
ished by pretreatment of cells with a potent peroxidase inhibitor, NaN3. We con-
clude that there is a possible synaptic interaction between neutrophils and
macrophages in terms of H2O2 consumption. Supported by NIH HL70755,
HL094488, NIOSH OH008282, Swedish Research Council.
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Type 2 diabetes is a worldwide epidemic affecting over 246 million people, but the
cellular mechanisms that initiate the disease are still unclear. Recent research indi-
cates that there may be a link between mitochondrial dysfunction and decreased in-
sulin, which is a risk factor for the development of type 2 diabetes. The control of
insulin secretion is dependent on the energy state of the pancreatic beta cells mak-
ing it susceptible to disruption of mitochondrial function and ATP levels. The aim
of this work was to investigate the role of a mitochondrial enzyme, Nicotinamide
Nucleotide Transhydrogenase (NNT), in maintaining mitochondrial function in
animals exposed to high-fat diets enriched with stearic, oleic or linoleic acid. These
studies were performed using the nematode, Caenorhabditis elegans, and included
the examination of both wild-type nematodes and two different deletion strains
lacking the C. elegan’s ortholog of NNT, nnt-1. The different strains were grown on
high-fat and normal diets and the function of mitochondria in these nematodes was
compared using oxygen consumption to measure respiratory rate and fluorescent
imaging techniques to indicate mitochondrial reactive oxygen species (ROS) pro-
duction and membrane potential. Our results show that, when grown on normal
diets, the nnt-1 mutant nematodes had lower respiratory rates and lower mitochon-
drial membrane potentials as compared to wild type, suggesting a defect in mito-
chondrial function. In addition, our results show increased mitochondrial dysfunc-
tion and reactive oxygen species production in nematodes grown on a high
saturated-fat diet as compared to normal and unsaturated-fat diets. The results sug-
gest that NNT plays a role in maintaining mitochondrial respiratory function and
that a high saturated-fat diet increases mitochondrial dysfunction via increased
ROS production and decreased energy production.
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This laboratory reported for both intact choroid plexus and primary cultures that
low concentrations cadmium elicited significant increases in the apical transport of
the nutritive organic cation choline. In cadmium-treated primary cultures of
choroid plexus, the antioxidant N-acetyl cysteine (NAC) attenuated induction of
oxidative stress and stress proteins, as would be expected. However, NAC also at-
tenuated up-regulation of choline transport by cadmium, suggesting that the in-
duction of oxidative stress was requisite to the observed increases in choline trans-
port. As first approach to investigate regulation of choline transport in response to
oxidative stress in the absence of heavy metals, we examined regulation of apical
3H-choline transport by antimycin-A that, like cadmium, inhibits complex III of
the electron transport chain (ETC). Primary cultures of choroid plexus were treated
with 5 microM antimycin-A for 6 h. The mitochondrial membrane potential was
monitored using the potential-sensitive fluorescent probe TMRM and epi-fluores-
cence microscopy; antimycin-A reduced fluorescence of TMRM, indicating depo-
larization of mitochondrial membrane potential. The ETC inhibitor also increased
total cellular accumulation of reactive oxygen species (ROS), as per increased fluo-
rescence in cells loaded with fluorescein diacetate. Increased ROS and mitochondr-
ial membrane depolarization were consistent with induction of oxidative stress.
Thus, 30-minute apical uptake of 10 microM 3H-choline then was assayed in the
absence of the ETC inhibitor and compared in non-treated and antimycin-A
treated cells. As compared to controls, 3H-choline uptake was stimulated by nearly
60% following antimycin-A treatment. These preliminary data suggest that oxida-
tive stress may regulate choline transport by choroid plexus. Possible modulation of
stress regulation of transport by antioxidants and the essential metal zinc is under
investigation.
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