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Abstract
The Kv4.3 transient outward current (Ito) channel, which produces early repolarization in human
cardiomyocytes, is downregulated with cardiac pathology. This is evident in cultured neonatal rat
cardiomyocytes in which Angiotensin II (Ang II) acts via p38 mitogen-activated protein kinase
(p38K) to increase apoptosis and induce Kv4.3 mRNA destabilization to downregulate the channel
protein. However, it is not understood how p38K activation, which is activated transiently for
minutes, induces downstream effects hours later. Here we show that there is a second phase of
p38K activation. Inhibiting this delayed p38K activation eliminated Kv4.3 mRNA destabilization.
Furthermore, inhibiting endosome generation left the transient activation of p38K intact, but
blocked delayed p38K activation and the Kv4.3 effect. CamKII was also found to be required for
delayed p38K activation and Kv4.3 mRNA destabilization. Finally, CamKII methionine oxidation
and activation are biphasic, with the delayed phase requiring endosomes. Hence, in addition to
participating in channel traffic, cardiomyocyte endosomes control channel mRNA expression by
mediating delayed oxidative CamKII-p38K signaling.

1. Introduction
The Kv4.3 channel gene encodes the pore of the transient outward current (Ito) channel in
human myocardium [1]. Cardiomyocyte Ito influences action potential repolarization,
restitution and Ca2+ dynamics [2–4]. Interestingly, many cardiac pathologies are associated
with suppression of Ito [1], suggesting that the signaling controlling Ito channel expression is
relevant to the health of the heart. The linkage between Ito gene expression and
cardiomyocyte pathology is evident in cultured cardiomyocytes, which respond to
Angiotensin II (Ang II) by increasing apoptosis and decreasing Kv4.3 mRNA and protein
expression [5,6]. Unlike many other examples of altered cardiac channel expression, the
Ang II effect on Kv4.3 features destabilization of the 3’ untranslated region (UTR) of the
channel mRNA, which begins to downregulate the channel mRNA within a few hours [6,7].
This effect is mediated by Ang II-induced upregulation and activation of AUF1, which binds
to and destabilizes the Kv4.3 mRNA 3’ UTR [8]. The Kv4.3 effect, like the apoptotic
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response, is triggered by the AT1 receptor-rac-Nadph oxidase (Nox)-apoptosis signal-
regulating kinase 1 (ASK1)-p38 mitogen-activated protein kinase (p38K) pathway [7–11].

Despite the above progress, there are puzzling features of Ang II-Nox-ASK1-p38K
signaling in cardiomyocytes. First, while ASK1 and p38K are stimulated rapidly and
transiently (i.e., peaking within 10 minutes) [12–14], apoptosis and Kv4.3 mRNA
destabilization require hours of Ang II exposure. This apparent kinetic mismatch is
suggestive of uncharacterized delayed signaling following rapid activation of ASK1 and
p38K. Second, the sensor for Nox-derived reactive oxygen species that activates ASK1-
p38K signaling to destabilize Kv4.3 mRNA has not been identified. Interestingly, insights
into signaling suggest potential mechanisms for resolving the above issues. For example,
Ang II acts via Nox to induce stimulatory Ca2+/calmodulin-dependent protein kinase II
(CamKII) methionine oxidation in the heart [15]. Because CamKII directly activates ASK1
resulting in p38K activation [16], CamKII-mediated activation of p38K by Ang II [11] may
be explained by CamKII acting as a redox sensor. CamKII oxidation is already implicated in
cardiomyocyte apoptosis [15], but the role of this mechanism in Kv4.3 expression is
unknown. Also potentially relevant, endosomes can induce delayed signaling [17]. Indeed,
outside of the heart, endosomes participate in Nox signaling [18,19]. Thus, endosomes
might be involved in the Ang II-Nox-Kv4.3 response. Yet, while endosomes are known to
traffic cardiac Kv channels [20,21], the role of endosome-dependent signaling in Kv channel
gene expression, as well as in other p38K effects in cardiomyocytes, has not been studied.
Taken together, the above observations guided our investigation into the delayed signaling
that regulates cardiomyocyte Kv4.3 mRNA stability.

Here it is shown that Ang II acts on cardiomyocytes to induce biphasic CamKII methionine
oxidation and activation and downstream biphasic p38K activation. The novel delayed
activation of the two kinases, which is evident after hours, requires endosomes.
Furthermore, endosome-dependent delayed activation of p38K is required for destabilization
of Kv4.3 mRNA. Thus, in addition to trafficking channels, endosomes induce delayed
CamKII-p38K signaling that controls cardiac Kv4.3 mRNA expression.

2. Materials and Methods
2.1 Cardiomyocyte culture, transfection and real-time PCR measurements

Neonatal Sprague-Dawley rat ventricular myocyte cultures were generated by a protocol [7]
approved by the University of Pittsburgh Institutional Animal Care and Use Committee.
Transfections of cultured cardiomyocytes, luciferase assays and real-time pcr measurements
followed published methods [7].

2.2 Constructs and chemical reagents
The Kv4.3 3’ UTR (untranslated RNA) luciferase reporter has been described previously
[7]. Clathrin-relevant plasmids [22,23] were kindly provided by Jeffrey Benovic (Thomas
Jefferson University), the dynamin 2 shRNA vector [24] was kindly provided by Liangyi
Chen (Chinese Academy of Science) and the dominant negative dynamin K44A plasmid
[25] was kindly provided by Timothy Feinstein (University of Pittsburgh). All inhibitors
were applied 1 hour prior to treatment with 100 nM Ang II. SB239063, dynasore,
myristoylated dynamin inhibitory peptide (DIP), and its control (DIPC) were obtained for
Tocris Bioscience. Apocynin and myristoylated Calmodulin Kinase II Ntide were obtained
from Calbiochem.
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2.3 Biochemical samples
For CamKII immunoprecipitation, lysates were generated from cultures (3×106

cardiomyocytes per 100 mm plate or 1×106 per 60 mm plate) that were briefly rinsed with
ice-cold PBS and then extracted in NP40 cell lysis buffer (50 mM Tris, pH7.4, 250 mM
NaCl, 5 mM EDTA, 50 mM NaF, 1 mM Na3VO4) supplemented with freshly made 1 mM
phenylmethylsulfonyl fluoride (PMSF) and protease inhibitor cocktail (Roche). After gently
scraping lysate from the plate, debris was pelleted by centrifugation on 10,000 g at 4°C for
15 minutes and the remaining extract was used immediately or stored at −80°C. Equal
amounts of total protein (100 to150 µg) from each extract were pre-cleared with 30 µl of
protein A/G plus agarose (Calbiochem) for 2 hours at 4°C before they were incubated with 5
µl of goat polyclonal antibody against total CamKIIδ (Santa Cruz Biotechnology) overnight
at 4°C with gentle agitation. Antibody-protein complexes were then precipitated with 60 µl
of protein A/G plus-agarose for 3 hours at 4°C. Beads were then washed with five times of
1× PBS and dissolved in 2× reducing electrophoresis sample buffer. After brief
centrifugation, the supernatants of protein samples were collected and boiled for 5 minutes
at 100°C and then subjected to gel electrophoresis.

For detection of p38K autophosphorylation (i.e., p-p38K), cell extracts were prepared
similarly as above except for the specific cell extraction buffer (10 mM Tris, pH 7.4, 100
mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM NaF, 20 mM Na4P2O7, 2 mM Na3VO4, 1%
Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deoxycholate) supplemented with fresh
PMSF and protease inhibitor cocktail. Each gel loading sample contained 15–20 µg of
protein.

The p38 MAP Kinase Assay Kit (Nonradioactive) from Cell Signaling was used according
the manufacturer’s protocol. Briefly, cells were lysed with the provided buffer supplemented
with 1 mM phenylmethylsulfonyl fluoride (PMSF) for 5 minutes. Cell lysates (200 µl) were
mixed with 20 µl of 50% (v/v) immobilized agarose hydrazide beads conjugated to
phospho-p38 MAPK(Thr180/Tyr182) monoclonal antibody and incubated overnight at 4°C
with gentle agitation. Beads were spun down and washed twice each with lysis buffer and
kinase buffer. Then pellets were suspended in 50 µl of kinase buffer containing 200 µM
ATP and 1 µg of Activating Transcription Factor 2 (ATF-2) fusion protein. After 30 minutes
incubation at 30°C, the kinase reaction was terminated with 3× SDS sample buffer so that
immunoblots could be used to detect phospho-ATF-2 (pATF2).

2.4 Immunoblots
For SDS-PAGE and immunoblotting, protein concentrations were measured by the BCA
(bicinchoninic acid) protein Assay Kit (Thermo Scientific) according to the manufacturer's
protocol with bovine serum albumin as a standard. Samples containing equivalent amounts
of protein were loaded on an 8.5% SDS-PAGE gel for electrophoresis and then transferred
onto a Trans-Blot Transfer Medium Pure Nitrocellulose Membrane (0.2 µm) (Bio-Rad).
After blocking with 1% (w/v) BSA in PBST (0.1% Tween 20 in PBS) for 1 hour at room
temperature, the membrane was incubated either overnight at 4°C or 1 hour at room
temperature with mouse monoclonal against phospho-CamKII antibody (1:500) (Santa Cruz
Biotechnology), rabbit polyclonal against oxidized-CamKII antibody (1:20,000)(kindly
provided by Mark Anderson, University of Iowa), goat polyclonal antibody against
CamKIIδ antibody (1:1000) (Santa Cruz Biotechnology), rabbit polyclonal against phospho-
p38 MAPK (Thr180/Tyr182) antibody (1:1000) (Cell Signaling), or rabbit polyclonal
against p38 MAPK antibody (1:1000) (Cell Signaling) diluted into 1% (w/v) BSA in PBST.
Membranes were washed 3 times and then incubated with peroxidase-conjugated secondary
affinipure antibodies from Jackson ImmunoResearch. Specifically, we used goat anti-rabbit
IgG (H+L) antibody, goat anti-mouse IgG (H+L) and donkey anti-goat IgG (H+L). Blots
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were visualized with a SuperSignal West Pico Chemiluminescent Substrate (Thermo
Scientific). The amplified signals were then detected using Kodak X-OMAT AR film.

Results are expressed with error bars representing the standard error of the mean from at
least three independent experiments. Statistical significance was determined by Student’s t-
test for pair-wise comparisons or one-way ANOVA followed by Dunnett’s post-test.

3. Results
3.1 Delayed p38K activation regulates Kv4.3 mRNA in cardiomyocytes

To explore whether rapid and transient p38K activation is sufficient for the delayed effect on
Kv4.3 mRNA, the effects of treating cardiomyocytes with 100 nM Ang II for 1 and 7 hours
were compared at the same time point (i.e., 7 hours after the initial addition of Ang II). Real-
time pcr showed that Kv4.3 mRNA was only affected by the longer treatment (Fig. 1,
compare Ang II 7h to Ang II 1h). Hence, the known transient activation of p38K that occurs
in minutes is not sufficient for the delayed Ang II effect.

One potential explanation for this result is that the transient p38K activation synergizes with
delayed p38K-independent signaling induced by Ang II. According to this scenario, addition
of a p38K inhibitor (20 µM SB239063) an hour after Ang II should not affect the
downstream destabilization of Kv4.3 mRNA. However, the delayed addition of the p38K
inhibitor still effectively inhibited the Ang II-induced downregulation of cardiomyocyte
Kv4.3 mRNA measured by real-time pcr (Fig. 1, compare the right two columns). In
contrast, adding the inhibitor during the last hour of the Ang II treatment was ineffective
(data not shown). The block of the Ang II response by p38K inhibition between 1 and 6
hours suggests that regulation of cardiomyocyte Kv4.3 mRNA requires a previously
unknown secondary phase of p38K activation.

To directly test whether there is delayed activation of p38K, the time course of Ang II-
induced p38K activation was determined by measuring autophosphorylation (Fig. 2A) and
enzymatic activity, which was assayed in vitro by measuring phosphorylation of the
substrate ATF2 by immunoprecipitated p38K (Fig. 2B). In all 7 sets of measurements, the
known transient p38K response seen at 6–10 minutes was followed hours later by a second
phase of activation (Fig. 2A,B). At both 6 and 150 minutes (i.e., the peaks of biphasic p38K
signaling), p38K activation was attenuated by the Nox inhibitor apocynin (Fig. 2C). Thus,
Ang II stimulates Nox-dependent biphasic p38K activation. Together with the above
inhibitor results, these experiments show that a delayed phase of p38K activation is
responsible for the Ang II effect on Kv4.3 mRNA in cardiomyocytes.

3.2 Endosomes are required for delayed p38K activation and the Kv4.3 effect
Because endosomes can produce delayed signaling, the effect of inhibiting endosome
production on the biphasic activation of p38K was examined. Specifically, cardiomyocytes
were treated with the myristoylated dynamin inhibitory peptide (DIP) or its control (DIPC)
and then p38K activity was measured at 6 minutes to assay transient activation and 150
minutes to assay delayed activation. Both phases of the Ang II response were unaffected by
DIPC. Likewise, DIP did not alter the initial phase of p38K activation. However, DIP
eliminated the delayed phase of p38K activation (Fig. 3, right). Hence, dynamin is required
specifically for the second phase of p38K activation.

Because delayed p38K activation is required for the Kv4.3 effect (Figs. 1 and 2), the role of
endosomes in the regulation of Kv4.3 mRNA was examined. First, cardiomyocytes were
treated with DIP or DIPC for an hour prior to addition of 100 nM Ang II for 7 hours. Real-
time pcr assays then revealed the expected downregulation of Kv4.3 mRNA in the presence
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of DIPC, but DIP abolished the Ang II effect (Fig. 4A). This trend was also evident using
the Kv4.3 3’ UTR luciferase construct, which reports Kv4.3 mRNA destabilization [7]: in
the presence of DIPC Ang II decreased the reporter signal, but DIP blocked the Ang II effect
(Fig. 4B). These results suggest that dynamin is required for Kv4.3 mRNA destabilization.

Follow-up experiments with the reporter construct, which allows cotransfection of molecular
reagents, verified the requirement for dynamin. Specifically, the Ang II effect on the Kv4.3
reporter was inhibited with expression of a dominant negative dynamin (DynK44A) (Fig.
5A) or a short hairpin RNAi construct targeting dynamin 2 (Fig. 5B), the isoform in
cardiomyocytes. Likewise, the chemical dynamin inhibitor dynasore blocked the Ang II
effect (Fig. 5C). Thus, four independent approaches established that dynamin is required for
the Ang II effect on Kv4.3 mRNA stability.

This regulation was also blocked by a clathrin-binding construct derived from arrestin2 that
does not interact with G-protein coupled receptors (GPCRs) [22] (Fig. 5D, βarr(319-418)).
This inhibition was found to be independent of native arrestin because the Kv4.3 effect was
not altered by a dominant negative arrestin2 mutant that binds GPCRs and prevents their
interaction with clathrin and β2-adaptin [23] (Fig. 5D, ΔLIELD/F391A). Furthermore,
agonists that specifically activate AT1 receptor-dependent arrestin signaling in
cardiomyocytes [26] or β1-adrenergic receptors, which induce endosome-dependent arrestin
signaling in cardiomyocytes [27], did not affect the Kv4.3 reporter (data not shown). Thus,
while arrestin is not be involved, clathrin is required. Together with the above dynamin
results, the implication of clathrin shows that cardiomyocyte endosomes are required for the
Ang II effect on Kv4.3 mRNA stability.

3.3 CamKII is required for the p38K-mediated Kv4.3 effect
To explore the potential role of CamKII in the delayed Ang II effect, the Kv4.3 3’ UTR
luciferase reporter was assayed after treatment of cardiomyocytes with myristoylated Ntide
(a CamKII inhibitory peptide), KN93 (a specific chemical inhibitor of CamKII), or KN92
(an inactive analog control). Myristolyated Ntide and KN93 each blocked the decrease in
reporter activity induced by Ang II, while KN92 had no effect (Fig. 6A,B). Thus, CamKII is
required for the Ang II-induced destabilization of cardiomyocyte Kv4.3 mRNA.

Ang II induces methionine oxidation and activation of CamKII in cardiomyocytes [15], but
the kinetics of these effects has not been fully characterized. Therefore, CamKII was
isolated by immunoprecipitation after different periods of Ang II exposure and immunoblots
were used to measure CamKII methionine oxidation and autophosphorylation (Fig. 7A–C),
with the latter assay being indicative of activation. Within 6 minutes, Ang II induced
CamKII methionine oxidation and activation. However, in all experiment this response
decayed until a second delayed phase of CamKII methionine oxidation and activation
became apparent ~150 minutes later (Fig. 7A–C). Thus, CamKII methionine oxidation and
resultant activation are biphasic.

CamKII activates p38K [22], but this has not been examined in the context of biphasic
signaling. Therefore, we tested whether inhibiting CamKII affects Ang II-dependent p38K
activation at 150 minutes in cardiomyocytes. In fact, myristoylated Ntide blocked delayed
p38K activation (Fig. 7D). Thus, the second phase of p38K activation, which is necessary
for Kv4.3 mRNA destabilization, requires activation of CamKII.

3.4 Endosome-dependent activation and oxidation of CamKII
Given that the delayed p38K-mediated Kv4.3 effect requires endosomes as well as upstream
biphasic CamKII activation, the dependence of the delayed phase of CamKII methionine
oxidation and activation on endosomes was investigated. Immunoblots were performed on
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cardiomyocyte samples collected 150 minutes after Ang II in the presence or absence of the
dynamin inhibitor dynasore, which was used because the DIPC control affected baseline
CamKII (data not shown). The inhibition of endosome formation eliminated the delayed
increases in CamKII methionine oxidation and activation (Fig. 8A,B). Thus, cardiomyocyte
endosomes are required for delayed CamKII methionine oxidation and activation, which
produces the delayed phase of p38K activation that is necessary for Kv4.3 mRNA
destabilization.

4. Discussion
Past studies had not resolved how Ang II-induced p38K signaling, which was thought to
peak in minutes, affects cardiomyocytes hours later. Here we showed that Ang II activation
of the p38K pathway in cardiomyocytes is biphasic, with a novel delayed phase occurring
after hours. CamKII was found to mediate delayed activation of p38K and the downstream
effect on Kv4.3 mRNA stability. Given the biphasic methionine oxidation of CamKII also
documented here, this may reflect CamKII’s sensitivity to Nox-generated reactive oxygen
species resulting in activation of ASK1 and downstream p38K [15,16]. Endosomes were
also shown to be required for delayed activation of CamKII and p38K and the Kv4.3 effect.
Thus, endocytosis is important for both trafficking cardiac Kv channels [20,21] and
controlling their gene expression. Although our study focused on cardiac Kv4.3 mRNA
stability, delayed endosome-dependent activation of CamKII and p38K could be relevant to
Ang II regulation of Kv4.3 expression in neurons [28] and more generally to the
participation of these kinases in cardiac pathology.

Why isn’t the initial endosome-independent phase of CamKII and p38K activation sufficient
for the downstream effect on Kv4.3? One possibility is that the first phase of signaling
occurs at the plasma membrane and so is not well positioned to induce upregulation and
activation of cytoplasmic AUF1, the mRNA binding protein responsible for the Ang II
effect on Kv4.3 mRNA stability [8]. Alternatively, the initial phase of signaling may be too
transient to induce a sustained change in gene expression. Transient signaling at the cell
surface may be well suited for acute and dynamic regulation of cardiac excitability and
contractility, but not for prolonged changes in channel expression.

The results presented here pose the question of how endosomes induce oxidative activation
of CamKII in cardiomyocytes. One possibility is that endosomes support AT1 receptor
activation of rac, which is required for Nox-dependent control of Kv4.3 mRNA [7].
Alternatively, endosomes might act as a scaffold for Nox signaling by delivering reactive
oxygen species (i.e., superoxide, hydrogen peroxide and other derivatives) [18,19] to
cytoplasmic CamKII. Of course, other functions of endosomes are also possible. Regardless
of the specific mechanism, for the first time endosomes have been shown to be important for
sustained CamKII-p38K signaling and Kv channel mRNA expression in cardiomyocytes.

Highlights

Angiotensin II induces biphasic CamKII and p38 kinase activation in cardiomyocytes.

Delayed oxidative activation of these kinases requires endosomes.

Endosome-dependent kinase signaling regulates K+ channel mRNA expression.
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Figure 1.
Delayed p38K signaling regulates cardiomyocyte Kv4.3 mRNA expression. Real-time pcr
assays of cardiomyocyte Kv4.3 mRNA normalized to controls (CON). While application of
100 nM for 7 h (Ang II 7h) induces downregulation, a 1 h application is ineffective (Ang II
1h). Furthermore, this regulation is disrupted by addition of 20 µM SB239063 1 h after Ang
II (i.e. for a total of 6h, Ang II 7h+SB 6h), but not by the vehicle control (Ang II 7h+Veh
6h). n=3. ***p<0.001.
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Figure 2.
Nox-dependent biphasic activation of p38K in cardiomyocytes. A. Time course of Ang II-
induced p38K autophosphorylation. Top, immunoblot showing from phosphorylated p38K
(p-p38K) and total p38K (t-p38K) from one experiment. Bottom, normalized values of p-
p38K/t-p38K (n=3). B. Time course of Ang II-induced p38K activity. Enzymatic activity
was assayed in vitro with ATF2 as the substrate. Top, immunoblot showing activity from
extracts isolated at the indicated time after addition of Ang II. Bottom, normalized
quantification of activity (n=3–4). C. The Nox inhibitor apocyin (Apo, 100 µM) reduces
p38K activation at 6 and 150 minutes. DMSO is the vehicle control. **p<0.01. NS, not
significant. (n=3–4)
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Figure 3.
Endosomes are required for the delayed phase of p38K activation. Top, immunoblot
showing effect of Ang II on p38K activity after 6 and 150 minutes measured by abundance
of p-ATF2. Bottom, quantification from 3 experiments. DIPC does not affect biphasic
activation, while DIP specifically blocks the delayed phase of activation. Ang II bars are
filled. *p<0.05, **p<0.01, NS, not significant.
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Figure 4.
A dynamin inhibitor blocks Ang II regulation of Kv4.3 mRNA stability in cardiomyocytes.
A. Real-time pcr quantification shows that myristoylated dynamin inhibitory peptide (DIP,
10 µM) blocks the Ang II-induced downregulation of Kv4.3 mRNA, while the myristoylated
control peptide (DIPC, 10 µM) leaves the effect intact (n=3). B. DIP, but not DIPC, blocks
the Ang II-induced destabilization of Kv4.3 mRNA revealed with the channel 3’ UTR
luciferase reporter (n=3). *p<0.05, **p<0.01.
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Figure 5.
Endosome generation is required for the Ang II effect on the Kv4.3 3’ UTR reporter. A.
Inhibition of the Ang II effect by expression of dominant negative dynamin mutant
(DynK44A), but not by the empty expression plasmid PcDNA3 (n=3). B. Inhibition of the
Ang II effect by expression of a short hairpin RNAi construct targeting dynamin 2 (shRNA-
dynamin2) (n=3). C. Inhibition of the Ang II effect by 100 µM dynasore, but not by the
vehicle DMSO (n=3). D. The clathrin binding domain (βarr(319-318)) blocks the Ang II
effect (n=3), but βarr(ΔLIELD/F391A) has no effect even though it prevents arrestin-
mediated receptor interaction with clathrin and β2-adaptin (n=3). *p<0.05.

Zhou et al. Page 13

J Mol Cell Cardiol. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
CamKII is required for the Ang II effect on the Kv4.3 3’ UTR. A. Ang II-dependent
inhibition of Kv4.3 3’ UTR reporter activity is blocked by 1 µM myristoylated Ntide (n=3).
B. Ang II-dependent inhibition of reporter activity is blocked by 1 µM KN93, but not KN92
(n=3). **p<0.01.
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Figure 7.
Biphasic oxidation and autophosphorylation of CamKII acts upstream of p38K. A.
Immunoblot showing single time course of Ang II-dependent formation of methionine
oxidized CamKII and phospho-CamKII (p-CamKII) compared to total CamKII (t-CamKII).
B. Normalized time course of CamKII methionine oxidation (n=3). C. Normalized time
course of CamKII autophosphorylation (n=3). D. p38K enzymatic activity after 150 minutes
of Ang II is blocked by myristoylated Ntide, but not the vehicle DMSO. Top, representative
immunoblot; Bottom, normalized quantification (n=5). *p<0.05; NS, not significant.
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Figure 8.
Endosomes induce delayed CamKII oxidation and activation. A. Dynasore (100 µM) blocks
the delayed phase of Ang II-induced CamKII oxidation. Top, sample immunoblot showing
oxidized and total CamKII at 150 minutes from one experiment. Bottom, normalized
quantification of CamKII oxidation (n=4). B. Dynasore blocks the delayed phase of CamKII
activation. Top, immunoblot showing CamKII autophosphorylation at 150 minutes from one
experiment. Bottom, normalized quantification of CamKII autophosphorylation (n=4).
*p<0.05.
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