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ABSTRACT. This study aimed to investigate the effects of
mitochondrial ATP-sensitive potassium (MitoK, ) channel opening
on the translocation of protein kinase C epsilon (PKCg). In addition,
we aimed to determine the relationship between PKCe translocation
and the production of reactive oxygen species (ROS). PKCe protein
expression in cultured adult rat ventricular myocytes was investigated
by immunofluorescence and Western blotting. Diazoxide (DZ), a
selective MitoK, , channel activator, caused a significant translocation
to myofibrillar-like structures in cultured adult rat ventricular
myocytes. N-2-Mercaptopropionylglycine, a free radical scavenger,
could partially inhibit the translocation of PKCe induced by DZ. By
contrast, chelerythrine, a selective PKC inhibitor, could completely
block the translocation of PKCe induced by DZ. The opening of
MitoK, , channels might activate and cause PKCe to translocate into
myofibrillar-like structures. PKCe activation occurred downstream

of the MitoK, , channel, possibly as a result of ROS production that

Genetics and Molecular Research 13 (2): 4516-4522 (2014) ©FUNPEC-RP www.funpecrp.com.br



MitoK, . channels and PKCe translocation 4517

occurred after the MitoK, , channels opened.
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Cardiomyocyte; Protein kinase C epsilon

INTRODUCTION

Ischemic preconditioning (IP) offers a strong endogenous protection against isch-
emia-reperfusion injury. Many studies have demonstrated that the opening of mitochondrial
ATP-sensitive potassium (MitoK, ) channels functions as an end effector in cardioprotec-
tion by IP and is key a signaling trigger in the signal transduction pathways involved in IP
(Obal et al., 2005; Kaneda et al., 2008; Maack et al., 2009). Protein kinase C epsilon (PKCeg)
is another important signaling molecule in IP. PKCe deficiency results in the loss of cardio-
protection induced by IP or an a1 adrenergic receptor agonist (Gray et al., 2004; Yun et al.,
2012). However, the function and mechanisms of PKCe in the opening of MitoK, , channels
remain unclear. In this study, we investigated the effects of diazoxide (DZ) pretreatment on
PKCe translocation and the relationship between the translocation of PKCe and the produc-
tion of reactive oxygen species (ROS). This investigation was performed with cultured adult
rat ventricular myocytes utilizing various methods, including immunofiuorescence, Western
blotting, and other methods.

MATERIAL AND METHODS
Animals

Twenty healthy male Sprague-Dawley (SD) rats (weight = 180 to 250 g) were sup-
plied by the Animal Center of Daping Hospital of the Third Military Medical University,
China. This study was carried out in strict accordance with the recommendations in the Guide
for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal
use protocol has been reviewed and approved by the Institutional Animal Care and Use Com-
mittee (IACUC) of the Third Military Medical University.

Isolation and identification of adult rat ventricular myocytes

Thoracotomy was performed after SD rats were anesthetized and disinfected as de-
scribed previously (Gupta et al., 2005). The aorta was exposed and intubated from the distal
end to the root in order to connect with the Langendorff apparatus. The heart was removed,
rapidly mounted on the Langendorff apparatus, and perfused in a non-recirculating mode with
cold Krebs-Henseleit buffer (perfusion pressure, 70 to 100 cm H,O) that contained all of the
components (except CaCl)) for 5 min and bubbled with 95% O,/5% CO,. After the heart was
perfused for 5 min, a mixture of collagenase (0.1%) and hyaluronidase (0.1%; Sigma-Aldrich
Corp., St. Louis, MO, USA) was added to the buffer. The heart was perfused again in a recir-
culating mode for 30 min at 37°C. All of the heart components were then removed except for
the ventricles. These ventricles were placed in a beaker that contained a calcium-free buffer
and agitated with 0.25% trypsin solution in a shaking bath (37°C) for 5 min. The released cells
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were purified by allowing them to settle naturally three times, and one-gradient centrifuga-
tion was performed in 6% bovine serum albumin. The cells were then resuspended in DMEM
supplemented with 10% fetal bovine serum and cultured at 37°C in a humidified 5% CO,-95%
air atmosphere. The purified cells (85%) were rod shaped and identified as ventricular myo-
cytes by a-actin antibody staining (98% purity; Santa Cruz Biotechnology Inc., CA, USA).

Experimental protocol

At 1 h after the cells were cultured, and randomly divided into 4 groups: Group A,
control group; Group B, DZ (Sigma) preconditioning; Group C, DZ + N-2-mercaptopropio-
nylglycine (MPG; Sigma) preconditioning; and Group D, DZ + chelerythrine (CH; Sigma)
preconditioning. Each preconditioning group was pretreated for 10 min and cultured for 20
min after the drugs were removed. The final concentrations of DZ, MPG, and CH were 200,
400, and 2 uM, respectively, as previously reported (McPherson and Yao, 2001; Seymour et
al., 2003; Gonzalez et al., 2010; Law et al., 2010).

Immunofluorescence

Using conventional methods (Stawowy et al., 2005; Poulin et al., 2009), the cell sus-
pension was placed on glass slides that were pretreated with poly-L-lysine and fixed in cold ac-
etone at 4°C for 5 min after drying. The slides were then incubated with normal goat serum at
room temperature for 30 min and with 1% mouse anti-rat PKCe monoclonal antibody (Santa
Cruz Biotechnology Inc.) in Tris-buffered saline at 4°C overnight. The negative control group
was incubated without a primary antibody. The other groups were incubated with 1% fluores-
cein isothiocyanate-labeled goat anti-mouse secondary antibody in a dark chamber at 37°C for
2 h. The cover slips were mounted with a mixture of equal amounts of glycerin and phosphate
buffer (0.5 M, pH 9.5), examined, and photographed under a fluorescence microscope.

Western blot analysis

Myocardial cytoplasmic and membranous proteins were extracted according to the
method of Miyamae et al. (1998). Proteins were quantified by the bicinchoninic acid method
(Beyotime Institute of Biotechnology, Ningbo, China). The proteins were then loaded and
electrophoresed on sodium dodecyl sulfate-polyacrylamide gel, transfected to a polyvinyli-
denedifluoride membrane for western blot analysis of PKCg, visualized by the chemilumi-
nescence method, developed, and fixed on an x-ray film. The results were analyzed by a gel
imaging analysis system (ProteinSimple, USA). A value x area (A x mm?) of each band was
calculated as the protein content. The percentage of PKCe in total PKCe indicated the amount
of translocated PKCe.

Statistical analysis
Data are reported as means = SE. Homogeneity of variance analysis was performed

using SPSS 10.0. Statistical significance was determined using one-way ANOVA and Tam-
hane analysis. P <0.01 was considered to represent a statistically significant difference.
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RESULTS
Immunofluorescence detection

All of the groups were observed under an inverted fluorescence microscope after im-
munofluorescence staining. A few scattered punctate fluorescence specs were observed in group
A (Figure 1A). Strips of fluorescence appeared in group B and were approximately arranged in
the same direction as the myofilaments (Figure 1B). A very weak strip of fluorescence and some
scattered punctate fluorescence was observed in groups C (Figure 1C) and D (Figure 1D). No
specific fluorescence was observed in the negative control group (data not shown).

Figure 1. Binding of cardiomyocytes with FITC-anti PKC epsilon under a fluorescence microscope (400X). A. control
group; B. DZ preconditioning group; C. DZ + MPG preconditioning group; D. DZ + CH preconditioning group.

Expression of cytoplasmic and membranous PKCe

The abundance of cytoplasmic and membranous PKCe were detected by Western blot
analysis (Figure 2), and the percentage of the membranous PKCe in total PKCeg corresponded
to the amount of PKCg that translocated to the membrane (Figure 3). The percentages of mem-
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branous PKCe in groups B and C were 65.22 + 3.25% and 44.06 £ 2.60%, respectively, which
were much higher than those in group A (27.42 + 3.44%). The amount of PKCe in group C
was lower than that in group B. The membranous PKCe in group D was 31.90 + 4.66%, and
was not significantly different from that in group A.
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Figure 2. Expression of PKCe on cytosolic fractions and particulate fractions in cultured adult rat ventricular
myocytes measured by Western blot.
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Figure 3. Effect of different preconditioning factors on translocation of PKCe in cultured adult rat ventricular
myocytes (means = SE, N = 5). "P < 0.01 vs control; “P < 0.01 vs DZ preconditioning; “P < 0.01 vs DZ + MPG
preconditioning.

DISCUSSION

This study demonstrated that the opening of MitoK, , channels may activate and
cause PKCe to translocate to the cell membrane, particularly to myofibrillar-like structures.
This opening could be prevented by either scavenging ROS produced after the MitoK,, , chan-
nel opening or PKC activity inhibition.
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Ohnuma et al. (2002) discovered that activated PKCe causes MitoK, , channels to

open during the signal transduction of IP, indicating that PKCe may be an upstream signal of

MitoK, , channels. However, whether or not the opening of MitoK, , channels in turn activates

PKCe remains unclear and, if this opening could activate PKCg, its potential mechanisms are

yet to be determined. In this study, we found that the opening of MitoK, . channels could

activate and cause PKCe translocation, suggesting that PKCe may be a downstream signal of
MitoK, , channels. Therefore, a positive feedback loop could be present between the activated
channels in the signal transduction of IP. IP activates PKCe,

PKCe and the opening of MitoK, ,
which causes MitoK, , channels to open. Once MitoK, , channels are opened, PKCe becomes

activated; thus, the cardioprotective signal is amplified to elicit a cardioprotective effect.

The mechanisms by which MitoK . channels are opened and PKCe is activated re-
main unclear. ROS are very important intracellular signaling molecules, which are associated
with PKC activation (Otani, 2004; Cosentino-Gomes et al., 2012) in IP, whereas the opening
of MitoK ,  channels can cause the release of ROS (Eaton et al., 2005; Costa and Garlid, 2008;

ATP

Gordon et al., 2009; Hirata et al., 2011; Jin et al., 2012). Our findings also show that scaveng-
ing the ROS produced after the MitoK, , channels were opened could inhibit the translocation
and activation of PKCe. Therefore, these ROS may be involved in PKCg activation and func-

tion as a vital signal that links PKCe with the opening of MitoK, , channels.

PKCe may have an important function in the signal transduction of IP via MitoK

ATP
channel opening. ROS produced after the MitoK , , channels were opened may have a signifi-

cant function in activating PKCe. Activated PKCe could then translocate to myofibrillar-like
structures to protect the cardiomyocytes.
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