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The protein kinase C (PKC) family of isozymes is involved in numerous physiological and pathological processes. Our recent data demonstrate
that PKC regulates mitochondrial function and cellular energy status. Numerous reports demonstrated that the activation of PKC-a and PKC-¢
improves mitochondrial function in the ischemic heart and mediates cardioprotection. In contrast, we have demonstrated that PKC-a and PKC-¢
are involved in nephrotoxicant-induced mitochondrial dysfunction and cell death in kidney cells. Therefore, the goal of this study was to develop
an in vitro model of renal cells maintaining active mitochondrial functions in which PKC isozymes could be selectively activated or inhibited to
determine their role in regulation of oxidative phosphorylation and cell survival. Primary cultures of renal proximal tubular cells (RPTC) were
cultured in improved conditions resulting in mitochondrial respiration and activity of mitochondrial enzymes similar to those in RPTC in vivo.
Because traditional transfection techniques (Lipofectamine, electroporation) are inefficient in primary cultures and have adverse effects on
mitochondrial function, PKC-& mutant cDNAs were delivered to RPTC through adenoviral vectors. This approach results in transfection of over
90% cultured RPTC.

Here, we present methods for assessing the role of PKC-¢ in: 1. regulation of mitochondrial morphology and functions associated with ATP
synthesis, and 2. survival of RPTC in primary culture. PKC-¢ is activated by overexpressing the constitutively active PKC-¢ mutant. PKC-¢ is
inhibited by overexpressing the inactive mutant of PKC-¢. Mitochondrial function is assessed by examining respiration, integrity of the respiratory
chain, activities of respiratory complexes and FoF-ATPase, ATP production rate, and ATP content. Respiration is assessed in digitonin-
permeabilized RPTC as state 3 (maximum respiration in the presence of excess substrates and ADP) and uncoupled respirations. Integrity of the
respiratory chain is assessed by measuring activities of all four complexes of the respiratory chain in isolated mitochondria. Capacity of oxidative
phosphorylation is evaluated by measuring the mitochondrial membrane potential, ATP production rate, and activity of FoF{-ATPase. Energy
status of RPTC is assessed by determining the intracellular ATP content. Mitochondrial morphology in live cells is visualized using MitoTracker
Red 580, a fluorescent dye that specifically accumulates in mitochondria, and live monolayers are examined under a fluorescent microscope.
RPTC viability is assessed using annexin V/propidium iodide staining followed by flow cytometry to determine apoptosis and oncosis.

These methods allow for a selective activation/inhibition of individual PKC isozymes to assess their role in cellular functions in a variety of
physiological and pathological conditions that can be reproduced in in vitro.

Video Link

The video component of this article can be found at http://www.jove.com/video/4301/

1. Isolation of Renal Proximal Tubules for Primary Culture

1. Anesthetize the rabbit, excise both kidneys and place them in a Petri dish filled with sterile prep buffer (DMEM/F12 medium) in a laminar flow
hood.

2. Perfuse each kidney with 50 ml of prep buffer followed by 50 ml of sterile phosphate-buffered saline, pH 7.4 (PBS), and PBS-iron oxide
solution (45 ml + 5 ml). De-capsulate kidneys and transfer them to the prep buffer containing deferoxamine.

3. Harvest the cortex of each kidney.

4. Homogenize the tissue using a 15 ml Dounce homogenizer. Pour the homogenate over 2 sterile mesh sieves (85 pm on the bottom and 235
um on top) placed over a 1 L sterile beaker. Rinse the sieves with deferoxamine-containing buffer.

5. Collect any tissue left on the 85 um sieve in a sterile conical centrifuge tube filled with 35-40 ml of the deferoxamine-containing buffer. Gently
mix the cell suspension.

6. Place a strong magnet outside of the tube to remove iron filled glomeruli and let the suspension settle. Aspirate iron from the magnet using a
Pasteur pipette. Repeat this process.
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7. Prepare 1 ml of digestion medium containing 2,400-2,500 units of collagenase | and 0.6 mg soybean trypsin inhibitor dissolved in the
deferoxamine-containing buffer. Filter-sterilize the digestion medium.

8. Adjust the volume of the cell suspension to 40 ml, and add 1 ml of digestion medium. Incubate at room temperature for 17 min gently mixing
the suspension, centrifuge at 50 x g for 2 min at 4 °C, aspirate the medium, and add fresh deferoxamine buffer.

9. Repeat the iron-removing procedure with the magnet several times, spin the suspension down again, aspirate medium, and add 46 ml of
medium containing no glucose.

10. Mix gently and measure out 500 pl of the suspension into two pre-weighed Eppendorf tubes. Spin cells down at 10,000 x g for 1 min, aspirate
the media, and weigh the pellet. Calculate the total yield of wet mass and protein.

11. Plate the cells in sterile 35 mm culture dishes at the density of 1 mg protein/dish using glucose-free DMEM/F12 medium. Culture cells in 2 ml

glucose-free DMEM/F12 medium always on an orbital shaker in the incubator at 37 °C (95% air/5% COZ).1'2

2. Renal Proximal Tubule Cell Culture

1. The culture medium is a 50:50 mixture of DMEM and Ham's F-12 nutrient mix without phenol red, pyruvate, and glucose, supplemented
with 15 mM NaHCO3;, 15 mM HEPES, and 6 mM lactate (pH 7.4, 295 mosmol/kgH,0). The media are supplemented with L-ascorbic acid-2-
phosphate (50 uM), bovine insulin (10 nM), human transferrin (5 mg/ml), hydrocortisone (50 nM), and selenium (5 ng/ml) immediately before
daily media change.

2. Aspirate old media from dishes using a sterile technique. Add 2 ml of warm, fresh media to each dish using a sterile technique. Renal

proximal tubular cells (RPTC) reach confluence in approximately 5-6 days after plating.1'2
3. Adenoviral Infection of RPTC

1. Adenoviral infection is carried out in confluent, quiescent cultures of RPTC after the daily media change. Dominant negative PKC-¢ mutant
(dnPKC-¢) was constructed by the replacement of: 1) lysine with arginine at position 436 of the ATP-binding site and 2) alanine with
glutamate at position 159 of the pseudosubstrate domain. These mutations destroyed the construct's kinase activity without changing the

active conformation of PKC-¢.2 PKC-¢ was made constitutively active by deletion of residues 154-163 of its inhibitory pseudosubstrate

domain.*

2. Add stock solution of the adenovirus carrying caPKC-e cDNA or dnPKC-¢e cDNA to each dish to obtain desired multiplicity of infection (MOI)
resulting in significant increase in PKC-¢ protein levels. Incubate RPTC with adenovirus for 24 hr. Change media and culture cells for another
24 hr. Significantly increased levels of phosphorylated and total PKC-¢ proteins can be obtained using 25-50 MOI of adenoviral vector coding
caPKC-¢. Greater MOl results in even larger increases in the levels of active PKC-¢, but it is not recommended in RPTC due to the rapid cell
death and loss. Significantly increased levels of the inactive PKC-¢ protein can be obtained using 50-100 MOI in RPTC without producing

adverse effects.’
3. At 48 hr after infection, aspirate media, wash the monolayers with PBS, and collect cells for immunoblot analysis to determine protein levels

of PKC-¢.°
4. Measurement of RPTC Respiration

1. Prepare an assay buffer for measuring state 3 respiration (120 mM KCI, 5 mM KH,PO,4, 10 mM HEPES, 1 mM MgSQy,, and 2 mM EGTA,
pH 7.4). For measuring complex I-coupled state 3 respiration, supplement the assay buffer with 5 mM glutamate, 5 mM malate and 0.1 mg/
ml digitonin. For complex Il-coupled state 3 respiration, supplement the assay buffer with 10 mM succinate, 0.1 uM rotenone, and 0.1 mg/
ml digitonin. For complex IV-coupled state 3 respiration, supplement the assay buffer with 1 mM ascorbate, 1 mM N,N,N',N'-tetramethyl-p-
phenylenediamine (TMPD), and 0.1 mg/ml digitonin. Place the solutions in a 37 °C water bath.

2. Aspirate media from a culture dish containing RPTC monolayer, add 2 ml of a warm state 3 respiration buffer, gently scrape cells from the
dish using a rubber policeman, and transfer the suspension to the oxygen consumption chamber equipped with a Clark-type electrode.

3. Measure state 2 respiration (in the absence of ADP). Initiate state 3 respiration by adding ADP to a final concentration of 0.4 mM. Initiate
state 4 respiration by adding oligomycin to a final concentration of 0.5 ug/ml. Uncoupled respiration is measured by adding 0.5 uM FCCP to
cells respiring at state 387

4. Collect the cell suspension from the chamber, precipitate protein using perchloric acid, and spin down the precipitate. Determine protein
concentration in the cellular pellet.

5. Analysis of Mitochondrial Membrane Potential (AYm)

Prepare 0.5 mM JC-1 solution in the sterile culture medium.

Add slowly 20 pl of JC-1 solution to each dish to obtain final concentration of 5 uM. Swirl the dish to mix the dye thoroughly. Return the dishes

to the incubator for 30 min.

3. Putdishes on ice, aspirate media, and wash monolayers twice with ice-cold PBS. Aspirate PBS, add 1 ml of fresh PBS, scrape cells from the
dish and transfer them to an Eppendorf tube. Break up monolayers into single cells by pipetting them up and down.

4. Spin the suspension down at 1,000 x g for 2 min, aspirate the supernatant, add 1 ml of PBS to the pellet and re-suspend it to obtain a single
cell suspension. Repeat this step again if necessary.

5. Spin cells down at 1,000 x g for 2 min, aspirate the supernatant, add 0.5 ml of PBS, and re-suspend the pellet. Analyze fluorescence by flow

cytometry using excitation by a 488-nm argon-ion laser. Read the emission in two separate channels, FL1 at 525 nm and FL2 at 590 nm.

N =

Mitochondrial membrane potential is expressed as FL2/FL1 fluorescence ratio.’
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6. Isolation of Mitochondria

o 0k w

Prepare isolation buffers: Buffer A (10 mM HEPES, 225 mM mannitol, 75 mM sucrose, 0.1 mM EGTA, pH 7.4), Buffer B (buffer A containing
protease inhibitors, 1 mM Naz;VO,, 1 mM NaF), and Buffer C (10 mM HEPES, 395 mM sucrose, 0.1 mM EGTA, pH 7.4). Perform all steps on
ice.

Wash RPTC monolayers twice with ice-cold PBS buffer. Scrape monolayers into Eppendorf tubes and spin them at 500 x g for 5 min. Wash
the pellet in 1 ml of Buffer A.

Re-suspend the pellet in 1 ml of Buffer B, and transfer the suspension to a 2 ml Dounce homogenizer.

Homogenize cells in the Dounce homogenizer until most of the cells in the homogenate are broken when inspected under a microscope.
Centrifuge the homogenate at 1,000 x g for 5 min at 4 °C. Collect the supernatant and spin it down at 15,000 x g for 10 min at 4 °C.

Discard the supernatant and re-suspend the pellet containing crude mitochondria in 1 ml of Buffer C. Spin the supernatants down at 15,000 x
g for 10 min at 4 °C. Repeat the washing of the pellet two more times.’

To measure activities of respiratory complexes, re-suspend mitochondrial pellet in 50-100 pl of the assay buffer and freeze in liquid nitrogen.
Thaw samples slowly on ice.

7. Measurement of Activity of NADH-ubiquinone Oxidoreductase (Complex I)

Prepare the assay buffer: 10 mM KH,PO,4, 5 mM MgCl,, pH 7.2. Add fatty acid-free BSA and NADH to obtain final concentrations of 0.25%
and 0.25 mM, respectively. Add 2 pl of antimycin A solution (1 mg/ml) to a final concentration of 2 pg/mil.

Run the samples in a 48-well transparent plate. Include a blank sample that has all additions but no mitochondria. To each well, add 500 pl of
the assay buffer with additions and mitochondria, and incubate the plate at 30 °C with mixing for 5 min.

Start the reaction by adding 10 pl of 3.25 mM ubiquinone to each well. Record the absorbance (340 nm) for 3 min in 20 sec intervals. Add 5
Il of rotenone solution (1 mg/ml) to each well and record the absorbance for additional 2 min. Calculate complex | activity as the rotenone-

sensitive NADH oxidation.”

8. Measurement of Activity of Succinate-ubiquinone Oxidoreductase (Complex Il)

Prepare the assay buffer containing 0.25% fatty acid-free BSA, 20 mM potassium succinate, 0.25 mM 2,6-dichloroindophenol, 2 pg/mi
antimycin A, and 10 pg/ml rotenone.

Run the samples in duplicates in a 48-well transparent plate including a blank sample that has all additions but no mitochondria. To each well,
add 500 pl of the assay buffer with additions and mitochondria, and incubate the plate at 30 °C with mixing for 2 min.

Start the reaction by adding 10 pl of 3.25 mM ubiquinone to each well. Record the absorbance (595 nm) for 3 min in 20 sec intervals.

Calculate Complex Il activity by following the reduction of 2,6-dichloroindophenol. 7

9. Measurement of Activity of Ubiquinol-cytochrome ¢ Oxidoreductase (Complex Ill)

11.

Prepare the assay buffer containing 0.1% fatty acid-free BSA, 80 mM potassium succinate, 10 yg/ml rotenone, and 0.24 mM potassium
cyanide.

Run the samples in duplicates in a 48-well transparent plate including a blank sample that has all additions but no mitochondria. To each well,
add 291 pl of the assay buffer with additions and mitochondria, and incubate the plate at 30 °C with mixing for 5 min.

Start the reaction by adding 3 pl of 6 mM oxidized cytochrome c to each well. Record the absorbance (550 nm) for 3 min in 20 sec intervals.
Add 5 pl of antimycin A solution (1 mg/ml) to each well and record the absorbance for additional 2 min. Calculate complex IlI activity as the

antimycin A-sensitive cytochrome ¢ reduction.”

. Measurement of Activity of Cytochrome Oxidase (Complex IV)

Prepare reduced cytochrome c by adding sodium ascorbate to 9 mM solution of cytochrome c and dialyzing the solution overnight at 4 °C in
1 L of phosphate buffer (10 mM KH,PO,, pH 7.2) containing 5 mM MgCl,. Prepare the assay buffer containing 0.1% fatty acid-free BSA and
antimycin A (2 pg/ml).

Run the samples in a 48-well transparent plate including a blank sample that has all additions but no mitochondria. To each well, add 233 pl
of the assay buffer with additions and mitochondria, and incubate the plate at 30 °C with mixing for 5 min.

Start the reaction by addition of reduced cytochrome ¢ (90 pM final concentration). Record the absorbance (550 nm) for 3 min in 20 sec
intervals. Add 2 pl of KCN solution (8 pg/ml) to each well and record the absorbance for another 2 min. Calculate complex IV activity as the

KCN-sensitive cytochrome ¢ oxidation.”

Measurement of Activity of FoF,-ATPase (ATP synthase)

Prepare FoF,-ATPase assay buffer (10 mM Tris-HCI, 200 mM KCI, 2 mM MgCl, , pH 8.2). Re-suspend mitochondrial pellet in the assay
buffer, freeze mitochondrial samples in liquid nitrogen and thaw the samples slowly on ice.

Run the samples in triplicates in a 48-well transparent plate. For each treatment group, 2 wells will be run to measure total ATPase activity
(275 pl of the assay buffer, 5 ul mitochondrial suspension, and 5 pl of 95% ethanol) and 1 well to measure oligomycin-insensitive ATPase
activity (275 pl of the assay buffer, 5 yl mitochondrial suspension, and 5 pl of 1 mg/ml oligomycin solution in 95% ethanol).

Incubate samples at 31 °C for 10 min with constant shaking. Add 16 pl of 100 mM ATP solution (pH 7.0) and incubate at 31 °C for 5 min with
constant shaking.
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4. Transfer 200 pl of the incubation mixture to a tube containing 50 pl of 3 M TCA. Incubate samples on ice for 10 min and spin them down at
10,000 x g for 5 min at 4 °C. Use supernatants and pellets to determine phosphate and protein content, respectively.

5. Determine phosphate content in the supernatants using the inorganic phosphate assay. Prepare 100 ml of Sumner Reagent by adding 0.88
g FeSO, to 10 ml of 3.75 M H,SO, and adjusting to 90 ml with H,O. Add 10 ml of ammonium molybdate solution (0.66 g/10 ml H,O) to the
solution of FeSO, in H,SO,. Protect from light.

6. Load 96-well plate with 50 pl of each phosphate standard (0 - 1,000 pM KH,PO,4) and 50 pl of each supernatant in duplicates. Add 250 pl of
the Sumner Reagent to each well and incubate the plate at 30 °C for 15 min with constant shaking.

7. Record the absorbance at 595 nm at room temperature. FoF-ATPase activity is determined by measuring the oligomycin-sensitive release

of P; from ATP as we described previously.7’8CaIcuIate total and oligomycin-insensitive FoF;-ATPase activities. To calculate the oligomycin-
sensitive ATPase activity, subtract oligomycin-insensitive activity from the total ATPase activity. 89

12. Measurement of Intracellular ATP Content

1. Place culture dishes containing RPTC monolayers on ice, aspirate medium, and wash the monolayers twice with ice cold PBS buffer. Add 1
ml PBS to each monolayer, scrape each monolayer into PBS, and collect the cell suspension in an Eppendorf tube. Spin the Eppendorf tubes
in the microfuge for 5 sec.

2. Determine ATP content in each RPTC sample by the luciferase method using the ATP Bioluminescence Assay Kit HS Il (Roche) and the

manufacturer's protocol. Determine protein concentration in each sample and calculate ATP concentration per mg protein.8

13. Visualization of Mitochondrial Morphology

1. Change culture media. Add 2 ul of 100 uM solution of MitoTracker Red 580 to each dish (final conc. 100 nM) and return the dishes to the
incubator for 30 min.

2. Examine the live monolayers under a fluorescent microscope using a water immersion objective.5

14. Analysis of Cell Viability

1. At 24 hr before starting the assay prepare 50 mM solution of cisplatin to treat cells that will serve as positive control for apoptosis (annexin
V-positive cells). Also, prepare 500 mM solution of tert-butylhydroperoxide to treat cells that will serve as positive controls for oncosis
(propidium iodide-positive cells).

2. Treat 2 dishes with 2 pl of 50 mM cisplatin and 2 dishes with 2 pl of 500 mM tert-butylhydroperoxide. Dedicate 1 dish for a no-stain control.

3. At 24 hr after treatment with cisplatin and TBHP, prepare the binding buffer (10 mM Hepes, 140 mM NaCl, 5 mM KCI, 1 mM MgCl,, 1.8 mM
CaCly) and propidium iodide (PI) solution (50 pg/ml) in the binding buffer.

4. Wash monolayers once with the binding buffer. Add 1 ml of the ice-cold buffer and 50 ul of Pl solution to each dish except for the no-stain and
annexin V-positive cells. Cover dishes and incubate on ice for 15 min with gentle orbital shaking.

5. Wash monolayers with the binding buffer (10 min) and add 1 ml of the binding buffer and 2 pl of Annexin V-FITC solution to each dish except
for no-stain and PI-positive cells. Cover dishes and incubate at RT for 10 min with gentle orbital shaking.

6. Aspirate the buffer and wash the monolayers with 1 ml of the ice-cold binding buffer on ice for 10 min with gentle orbital shaking. Repeat the
washing step.

7. Aspirate the binding buffer and add 500 pl of binding buffer to each dish. Gently scrape the cells using a rubber policeman and transfer the
cells to flow cytometry tubes. Disperse the cells into a single cell suspension by pipetting samples up and down. Break up any cell clusters.

8. Quantify Pl and annexin V-FITC fluorescence immediately by flow cytometry using excitation at 488 nm and emission at 590 and 530 nm for
Pl and FITC, respectively. Count 10,000 events for each sample.

9. Put the FITC fluorescence on the X-axis and the Pl fluorescence on the Y-axis of the flow cytometry dot plot figures. Cells positive for

Annexin V and negative for Pl are considered apoptotic. Cells positive for Pl and negative for Annexin V are considered oncotic.'%""

Representative Results

Figure 1 shows that adenoviral delivery of cDNA coding the constitutively active (caPKC-¢) and inactive (dnPKC-¢) mutants of PKC-¢

results in significantly increased protein levels of PKC-¢ in RPTC and in mitochondria. Cells infected with cDNA carrying the caPKC-¢ vector
overexpressed the phosphorylated (active) form of PKC-¢ whereas cells infected with cDNA coding dnPKC-¢ overexpressed PKC-¢ that was
inactive (not phosphorylated) (Figure 1). The presence of active PKC-¢ decreased mitochondrial respiration in RPTC regardless of the substrate
used to energize mitochondria whereas the inactive PKC-¢ had no effect (Figure 2). In order to determine the targets of the active PKC-¢

within the respiratory chain, we determined the activities of all enzymatic complexes of the respiratory chain. As shown in Figure 3, activation

of PKC-¢ reduced activity of complex | and complex IV in RPTC but had no effect on the activities of complex Il and complex Ill (data not
shown). The decrease in RPTC respiration induced by PKC-¢ activation was associated with increases in the mitochondrial membrane potential
(mitochondrial hyperpolarization) (Figure 4). These changes were accompanied by decreases in the activity of FoF{-ATPase (ATP synthase)

in mitochondria isolated from RPTC overexpressing the active PKC-¢ (Figure 5A). As a result, the ATP content of RPTC overexpressing the
active PKC-¢ decreased (Figure 5B). Sustained activation of PKC-¢ had profound effects on mitochondrial morphology by inducing mitochondrial
fragmentation (fission) (Figure 6B). PKC-¢ activation, but not inhibition, also resulted in changes in RPTC morphology causing cell shrinkage
and elongation of surviving cells. Mitochondrial dysfunction and alterations in mitochondrial morphology in RPTC overexpressing the active PKC-
€ were accompanied by cell death by both oncosis and apoptosis (Figure 7). At 48 hr after the adenoviral vector delivery, approximately 50% of
RPTC overexpressing the active PKC-¢ were not viable. Overexpression of the inactive form of PKC-¢ had no effect on mitochondrial function
and morphology, and on RPTC viability.
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Thus, adenoviral delivery of cDNA coding different isozymes of PKC is an effective tool enabling selective overexpression of individual PKC
isozymes and their active or inactive mutants in primary cultures of renal cells. It allows for efficient transfection of cells grown in primary culture
and for studying the regulation of different cellular functions and for the assessment of cell morphology and viability by protein kinases.
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Figure 1. Protein levels of phosphorylated (active) PKC-¢ (p-PKC-¢) and total PKC-¢ in cell homogenates (left panel) and mitochondria (right
panel) isolated from primary cultures of RPTC infected with adenoviral vector carrying the constitutively active (caPKC-¢) or inactive mutants
(dnPKC-¢) of PKC-¢ at different time points after adenoviral vector delivery. The levels of B-actin and FyF,-ATPase are used as gel loading

controls for cell homogenates and mitochondria, respectively. Figure modified from Nowak et al’®
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Figure 2. State 3 and uncoupled respirations in RPTC expressing the active and inactive mutants of PKC-¢ at 48 h after adenoviral delivery.
For state 3 respiration, mitochondria in digitonin-permeabilized cells were energized using 5 mM glutamate + 5 mM malate (substrates oxidized
through complex 1), 10 mM succinate + 0.1 uyM rotenone (substrate oxidized through complex Il), or 1 mM ascorbate + 1 mM N,N,N',N'-
tetramethyl-p-phenylenediamine (TMPD) (substrates oxidized through complex 1V). The results are average + SE. * - P<0.05.
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Figure 3. Activities of complex | and complex IV in mitochondria isolated from RPTC expressing the active and inactive mutants of PKC-¢ at 48
h after adenoviral vector delivery. The results are average + SE. * - P<0.05.
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Figure 4. Time-dependent changes in mitochondrial membrane potential (AWm) in RPTC following infection with adenoviral vector carrying
the constitutively active (caPKC-¢) and inactive mutants (dnPKC-¢) of PKC-¢. The results are expressed as the ratio of aggregate to monomeric
forms of JC-1. The results are average + SE. * - P<0.05.
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Figure 5. Activity of FoF4-ATPase in isolated mitochondria (A) and ATP content (B) in RPTC expressing the active and inactive mutants of PKC-
€ at 48 h after adenoviral vector delivery. The results are average + SE. * - P<0.05.
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Figure 6. Mitochondrial morphology in live RPTC expressing the active and inactive mutants of PKC-¢ at 48 h after adenoviral vector delivery.
A. Non-infected controls. B. RPTC expressing caPKC-¢. C. RPTC expressing dnPKC-¢. Representative images of live cells examined under a
fluorescent microscope. Original magnification, x630.
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Figure 7. Time-dependent changes in RPTC oncosis (A) and apoptosis (B) following infection with adenoviral vector carrying the constitutively
active (caPKC-¢) or inactive mutants (dnPKC-¢) of PKC-¢. Infection with adenoviral particles encoding an empty pShuttle vector (MOI = 50)
resulted in 5.2 + 2.3% oncosis and 5.5 + 1.0% apoptosis at 48 h after infection. The results are average + SE. * - P<0.05. C. Representative dot

plots demonstrating annexin V and propidium iodide fluorescence in RPTC overexpressing caPKC-¢ and dnPKC-¢ at 48 h after adenoviral vector
delivery.

The approach presented here allows for overexpression of individual isozymes of PKC in the primary culture of renal proximal tubular cells.
There are several strengths of this approach: 1. It allows for investigating regulatory mechanisms in a homogenous population of cells (renal
proximal tubular cells) that are the primary target for various insults (ischemia, hypoxia, oxidative stress), drugs, and nephrotoxicants within the
kidney. 2. Mitochondrial functions in this in vitro model of RPTC grown in primary culture in the improved conditions resemble mitochondrial

functions of renal proximal tubules in vivo.1? 3. Response of mitochondria to different toxicants in this in vitro model is similar to the response
of renal proximal tubules in vivo. 4. This approach allows for an efficient transfection and delivery of genes coding specific proteins including
proteins involved in signal transduction mechanisms that regulate mitochondrial functions. Thus, this model allows for selective expression of
constitutively active and inactive isozymes of kinases and phosphatases and replaces the need for pharmacological inhibitors and activators
that are not as selective and often have toxic side effects. The limitations of this model are the following: 1. using cultured RPTC in an in vitro
environment does not allow for studying endocrine and paracrine signals that contribute to the regulation of mitochondrial function in renal
proximal tubules in vivo, and 2. this model does not allow for studying chronic conditions.
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