4-Hydroxy-2-NonenalAlters CellularBioenege Y i EndothelialCells

Blalke R Z o ]skn'3, AnneR Dierst-3, Bradford G.Hill*, BrianP. Dranka'-3, Jessia Perez:3, AimeeLandat3, and s ] ar M. Darley-Usmat3
IDepartmert of Pathology, “Departmert of Physiology& Biophy ] ¢Clerier for Free Radi al Biology, University of Alabamaat Birmingham,*Division of

Cadiov « poDE | ]vUudiersity of Louiwille

» Cardiovascular diseases (CVD), such as ischemic injury, can result in
the exposure of the endothelium to hypoxia.

Figure 1. Hypoxia in the
vasculature . Blue shaded
regions represent hypoxic
tissue. Adapted from Libby
et al. Circulation. 2002 Mar
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» HNE Is a reactive lipid which is produced in CVD and has been shown
to alter bioenergetics in both isolated mitochondria and whole cells.

4-hydroxy-2-nonenal (HNE) Cysteine Histidine Lysine

. Figure 2: HNE can
—_— . D . modify  nucleophilic
protein residues.

» Known targets of HNE are the TCA cycle dehydrogenases, adenine
nucleotide translocase, and the complexes of the electron transport
chain.

» The Seahorse Bioscience XF24 Analyzer was used to measure the
oxygen consumption of intact cells in response to hypoxia. Using this
novel method, we determined the effect of HNE on the cellular
bioenergetics of bovine aortic endothelial cells (BAEC) in hypoxia.
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Figure 5: Oxygen consumptio n rates (OCR) of BAEC
In response to hypoxia. BAEC seeded at 40,000
—+—* cells/well in specialized Seahorse plates were placed in
an XF24 Analyzer in either room air (normoxia) or 1% O,
(hypoxia). The oxygen tension of the media was
measured over time in both normoxia and hypoxia (A).
The OCR of BAEC over time in response to normoxia or
hypoxia are compared (B). The OCR of BAEC was then
plotted as a function of the O, tension of the media. Blue
shading represent oxygen tensions at which the
concentration of oxygen became limiting to mitochondrial
respiration. Results are mean £ SEM. n=5 per group.
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Figure 7: Protein-HNE adduct formation in BAEC followin g HNE treatment in normoxia and hypoxia.
BAEC seeded at 40,000 cells/well in specialized Seahorse plates were placed in an XF24 Analyzer in either
normoxia or hypoxia for 2h prior to HNE injection to allow enough time for the media to equilibrate to the
ambient O, tension. HNE was then injected (5-20 M), and after a 4h incubation, cell lysates were collected
and resolved by SDS-PAGE. Proteins were transferred to PVDF and were probed with anti-protein-HNE
antibody (courtesy of A. Bhatnagar, U. of Louisville) (A). The fold changes in protein-HNE adducts were
guantified in (B). Results are mean £ SEM. n=5 per group. *p<0.05 compared to control.
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Figure 3: Seahorse XF24 Analyzer technology . The Seahorse Bioscience XF24 utilizes 24 probe heads to
analyze cells in culture. Panel A shows a schematic depiction of the measurement chamber utilized in this
technique. The first well shows the optics in the resting position. For measurements, the cartridge is lowered in all
wells to create a transient 7uL chamber. The dots at the tips of the sensor probes are representative of the
fluorescent sensors quenched by either oxygen to allow for measurement of these parameters. Monitoring these
concentrations over time allows for the calculation of the Oxygen Consumption Rate (OCR) (B).
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Figure 4: Seahorse Bioscience XF24 Analyzer in
hypoxia chamber. The XF24 Analyzer was placed
In a hypoxia chamber so that cellular bioenergetics
could be measured in cells under hypoxia. The
oxygen tension was set to 1% O, in the chamber
for all experiments under hypoxia.
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Figure 6. Oxygen consumptio n rates (OCR) of BAEC in response to HNE in normoxia and hypoxia. BAEC seeded at
40,000 cells/well in specialized Seahorse plates were placed in an XF24 Analyzer equilibrated to either room air (normoxia) or
1% O, (hypoxia). The OCR of BAEC in normoxia was measured for 2h prior to injection of HNE (20 M), followed by continued
OCR measurement for 4h (A). The OCR of BAEC in hypoxia was also measured for 2h prior to HNE injection to allow the media
enough time to become hypoxic, followed by continued OCR measurement for 4h (B). Arrows indicate the injection of either
HNE or vehicle control (EtOH). Blue shading represents oxygen tensions at which the concentration of oxygen became limiting
to mitochondrial respiration. Results are mean + SEM. n=5 per group.

» Using the XF24 Analyzer in hypoxia, we can measure the effects of O, tension on
the OCR of intact cells.

» The OCR of BAEC varies depending on the O, tension of the media. This data can
be fit to Michaelis-Menten enzyme Kkinetics, with an apparent V., of ~5.5 pmoles
O,/min/ g protein and an apparent K_ of 10.33 mm Hg.
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» BAEC treated with HNE Iin normoxic conditions exhibited a decrease in O,
consumption below vehicle control, as well as an increase in protein-HNE adducts,
suggesting protein modifications by HNE alter mitochondrial protein function.

» Hypoxia attenuated the HNE-induced decrease in O, consumption in BAEC,
particularly at O, tensions at which the concentration of O, became Ilimiting to
mitochondrial respiration, but this did not result in fewer protein adducts.

» These data suggest that hypoxia may be inducing a shift in the metabolic control of
the mitochondria when O, appears to become limiting (at approximately 25 mm

HQ).

Figure 8: Pathways of
metabolic control of
mitochondria | oxygen
consumption.
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» Taken together, these data suggest that effect of HNE modifications on
mitochondrial function is dependent on the concentration of O,. This may provide
Important insight into the Dbiological effects of lipid electrophiles generated In
Ischemic cardiovascular pathologies.
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