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Connexin 43 (Cx43) is present at the sarcolemma and the inner membrane of cardiomyocyte subsarcolemmal mitochondria (SSM). Lack or
inhibition of mitochondrial Cx43 is associated with reduced mitochondrial potassium influx, which might affect mitochondrial respiration. There-
fore, we analysed the importance of mitochondrial Cx43 for oxygen consumption. Acute inhibition of Cx43 in rat left ventricular (LV) SSM by
180 glycyrrhetinic acid (GA) or Cx43 mimetic peptides (Cx43-MP) reduced ADP-stimulated complex | respiration and ATP generation. Chronic
reduction of Cx43 in conditional knockout mice (Cx43¢¢ER(MM  4-OHT, 5-10% of Cx43 protein compared with control Cx43™" mitochondria)
reduced ADP-stimulated complex | respiration of LV SSM to 47.8 + 2.4 nmol O,/min.*mg protein (n = 8) from 61.9 + 7.4 nmol 0,/min.*mg
protein in Cx43™ mitochondria (n = 10, P < 0.05), while complex |1 respiration remained unchanged. The LV complex | activities (% of citrate
synthase activity) of Cx43%®ERVL4-OHT mice (16.1 + 0.9%, n = 9) were lower than in Cx43™" mice (19.8 + 1.3%, n = 8, P < 0.05); com-
plex Il activities were similar between genotypes. Supporting the importance of Cx43 for respiration, in Cx43-overexpressing HL-1 cardiomyo-
cytes complex | respiration was increased, whereas complex |l respiration remained unaffected. Taken together, mitochondrial Cx43 is required
for optimal complex | activity and respiration and thus mitochondrial ATP-production.
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Introduction

The transmembrane protein Cx43 is constitutive for the formation of
gap junctions between cardiomyocytes and thus essential for cell-cell
communication. Connexin 43 is also present at the inner membrane
of cardiomyocyte SSM, but not in cardiomyocyte interfibrillar mito-
chondria (IFM) [1-3]. The cardioprotection by ischaemic pre-condi-
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tioning or pharmacological pre-conditioning with diazoxide, an opener
of mitochondrial ATP-dependent potassium channels (mito Karp-
channels) [4], depends on the presence of Cx43 [5-8]. In murine
mitochondria in which Cx43 was replaced by connexin 32 (which
forms hemichannels with lower potassium conductance than Cx43
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[9]), mitochondrial potassium influx is reduced [10]. Potassium
uptake of mitochondria from wild-type mice is also decreased by the
gap junction blocker 18a-glycyrrhetinic acid (18aGA) [10]. As mito-
chondrial potassium flux is involved in respiratory control of mito-
chondria [11, 12], we now investigated the role of Cx43 for
mitochondrial oxygen consumption and respiratory chain complex
activities by its inhibition, reduction, or overexpression, respectively.

Materials and methods

Animal model

The present study was approved by the Bioethical Committee of the
state Nordrhein-Westfalen, Germany. It conforms to the Guide for the
Care and Use of Laboratory Animals published by the US National Insti-
tutes of Health (NIH publication No. 85-23, revised 1996).

A conditional knockout of Cx43 was achieved by intraperitoneal
injection of 3 mg 4-hydroxytamoxifen (4-OHT) once per day on five
consecutive days in Cx43°¢ER(MM mice. Untreated Cx43™" and 4-
OHT-treated (Cx43™" + 4-OHT) mice served as controls. The mice
were 10- to 16-weeks old and sacrificed on day 11 after the first
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injection. The right ventricles were used to control the reduction of
Cx43 by Western blot analysis. The decreased amount of Cx43 in total
right ventricular protein extracts is paralleled by a reduction in mito-
chondrial Cx43 [1]. Left ventricles (LV) were used for the isolation of
mitochondria. Lewis rats (250-350 g) were anaesthetized with enflura-
ne, the hearts were removed, and the LV were used for isolation of
mitochondria.

Overexpression of Cx43 in HL-1 cardiomyocytes

HL-1 cells, a cell line derived from mouse atrial cardiomyocytes, were
cultured under 5% CO, atmosphere in Claycomb Medium supple-
mented with 10% foetal bovine serum (JRH Biosciences, Lenexa, KS,
USA), 4 mmol/I L-glutamine, 100 U/ml penicillin, 100 pg/ml strepto-
mycin and 100 pmol/l norepinephrine, and were plated in culture
flasks pre-coated with 25 ug/ml fibronectin/0.02% gelatin solution. To
obtain HL-1 cells overexpressing Cx43, the coding sequence of rat
Cx43 was inserted into a pBABEpuro retroviral plasmid under the
control of the retroviral promoter (pBABEpuro-Cx43). Empty vector
was used as control. To produce retroviral particles with the VSV-G
virus envelope, which do not require any specific receptor in the tar-
get cells, the 293GPG packing cell line was transfected. After 48 hrs,
supernatant rich in viral particles was collected and added to HL-1
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Fig. 1 Effect of acute Cx43-inhibition using 18a:GA on mitochondrial function. (A) Mitochondrial membrane potential was measured using rhodamine
123, and the difference in mitochondrial rhodamine 123 fluorescence 1 min. before and 1 min. after addition of 18aGA (1 pmol/l: n=7, 10 umol/l:
n= 6,100 pmol/l: n=7) or DMSO (n = 5), respectively, was calculated. An enhanced difference in fluorescence values indicates loss of membrane
potential. *P < 0.05 versus DMSO. (B) Quantification of the difference between mitochondrial NAD(P)H autofluorescence 1 min. before and 1 min.
after addition of 18aGA (1 pmol/l: n =7, 10 umol/l: n =6, 100 umol/l: n =7) or DMSO (n = 5), respectively. An enhanced difference in fluores-
cence values indicates loss of NAD(P)H autofluorescence. *P < 0.05 versus DMSO. Basal (G, n = 6) and ADP-stimulated respiration (D, n = 13)
were measured in rat LV SSM using substrates for complexes 1 or 2, respectively, before and after addition of 1 umol/l 18xGA or DMSO as vehicle,

respectively. *P < 0.05 versus before 18aGA.
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cells. HL-1 cardiomyocytes were allowed to grow for additional
48 hrs before starting the selection with puromycin at 2 pg/ml
(P8833; Sigma-Aldrich, St. Loius, MO, USA). Overexpression of Cx43
was confirmed by Western blot analysis on isolated mitochondria.

Western Blot analysis

Right ventricular tissue samples were lysed in 1x Cell lysis buffer (Cell
Signaling, Beverly, MA, USA containing in mmol/l): Tris 20, NaCl 150,
EDTA 1, EGTA 1, sodium pyrophosphate 2.5, B-glycerolphosphate 1,
NazV04 1, PMSF 1, 1 pg/ml Leupeptin, 1% Triton X-100, pH7.5, supple-
mented with Complete Protease Inhibitors (Roche, Basel, Switzerland).
Thirty pg proteins were electrophoretically separated on 10% SDS-PAGE
and transferred to nitrocellulose membranes. After blocking, the mem-
branes were incubated with rabbit polyclonal anti-rat Cx43 antibodies
(Zymed, Berlin, Germany), mouse monoclonal anti-rabbit glycerin-
aldehyde-3-phosphate-dehydrogenase  antibodies (GAPDH, Hytest,
Turku, Finland). After incubation with the respective secondary antibod-
ies, immunoreactive signals were detected by chemiluminescence (Lu-
miGlo, Cell Signaling) and quantified with the Scion Image software
(Frederick, MD, USA).

HL-1 cardiomyocytes were harvested using trypsin (0.05%, 25300-
062; Gibco, Carlsbad, CA, USA) and resuspended in isolation buffer [in
mmol/l: sucrose 250, MOPS 6 pH 7.2, EGTA 1, protease inhibitors (PMSF 1,
NaF 5, NazV0,4 1, protease cocktail from Sigma-Aldrich P8340)]. After centri-
fugation at 600 x g for 5 min., mitochondria were pelleted at 8000 x g.
The pellet was resuspended in isolation buffer containing 19% percoll and
centrifuged at 10,000 x g. Mitochondria were diluted in Laemmli buffer,
and proteins were electrophoretically separated using the same procedure
described above. The purity of the mitochondrial preparation was assessed
using mouse monoclonal anti-human succinate-ubiquinol oxidoreductase
(complex II; Molecular Probes, Eugene, OR, USA) and mouse monoclonal
anti-rabbit Na/K*-ATPase (Upstate, Waltham, MA, USA).

Isolation of mitochondria

Subsarcolemmal mitochondria were isolated from tissue samples of
mouse and rat LV by differential centrifugation as described previously [1].

For isolation of both SSM and IFM, rat LV tissue was processed as
already described [3].

To isolate mitochondria from HL-1 cardiomyocytes, cells were har-
vested using trypsin (0.05%) and resuspended in isolation buffer (in
mmol/I: sucrose 250, MOPS 6 pH 7.2, EGTA 1, 0.5% BSA). After centri-
fugation at 600 x g for 5 min., mitochondria were pelleted at
8000 x g for 5 min., resuspended in isolation buffer and immediately
used for measurement of respiration.

Mitochondrial oxygen consumption

Mitochondrial respiration of mouse or rat LV SSM was measured with a
Clark-type oxygen electrode (Oxygen meter 782, Strathkelvin, Glasgow,
UK) at 25°C in incubation buffer (containing in mmol/l: 125 KCI, 10
Tris-MOPS, 1.2 Pi-Tris, 1.2 MgCl,, 0.02 EGTA-Tris, pH 7.4) as
described previously [13]. Five mmol/I glutamate and 2.5 mmol/I malate
were used as substrates for complex |, whereas complex Il-mediated
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respiration was measured in the presence of 2 umol/I rotenone (inhibits
complex |) and 5 mmol/l succinate.

Oxygen consumption was determined for 100 pug LV mouse SSM or
rat SSM incubated for 30 min. at 4°C in isolation buffer, without or with
250 pumol/I Cx43-mimetic peptides (SRPTEKTIFII) or Cx40-mimetic pep-
tides (SRPTEKNVFIV). This concentration of mimetic peptides (MP) has
been demonstrated to block Cx43-formed hemichannels [14]. Cx40-MP
was chosen as control, since the amino acids are similar to that of the
Cx43-MP and Cx40 is present in atrial but not in ventricular mitochon-
dria [15]. After recording of basal oxygen consumption, respiration was
stimulated by the addition of 40 umol/l ADP.

One-hundred micrograms rat LV SSM proteins were added to incuba-
tion buffer supplemented with 200 umol/I ADP. One pmol/l, then either
10 umol/l 18xGA, which inhibits gap junctional cell communication, or
the respective volume of DMSO as vehicle was added after 5 min., and
the ADP-stimulated respiration was recorded for further 5 min. Oxygen
consumption was quantified 1 min. before and 1 min. after addition of
18aGA or DMSO, respectively. Mitochondrial respiration was calculated
as the oxygen consumption in nmol O,/min.*mg protein.
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Fig. 2 Effect of connexin mimetic peptides on mitochondrial oxygen con-
sumption and ATP production. (A) Basal and ADP-stimulated respiration
using substrates for complex | or complex Il, respectively, were measured
in untreated rat LV SSM (n = 12), or SSM incubated with 250 pmol/|
Cx40- (n=12) or Cx43-MP (n=12), respectively. *P < 0.05 versus
untreated, *P < 0.05 versus Cx40-MP. (B) Original traces demonstrating
luciferase activities of isolated rat SSM before and after addition of
500 umol/l ADP under control conditions (untreated) and with Cx43 inhi-
bition by 250 pmol/l Cx43-MP. Oligomycin, which inhibits the ATP syn-
thase, was used as negative control. (C) ATP generation was quantified as
the area under the curve for the first minute after addition of ADP in
untreated or Cx43-MP-treated rat SSM (n = 15), *P < 0.05.
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In HL-1 cardiomyocytes, complex |-mediated respiration was mea-
sured at 25°C using intact cells (200,000-250,000 cells/ml) resus-
pended in cell-assay buffer (in mmol/l: NaCl 140, KCI 3.6, MgS0,4 1.2,
CaCly 2, HEPES 20 pH 7.4, glucose 5 mmol/l). Oxygen consumption
was expressed as nmol 0/min.*10° cells. Complex Il-mediated respira-
tion was measured in isolated mitochondria at 25°C in incubation
buffer, using rotenone and succinate as substrate, as described for
mouse and rat mitochondria.

Mitochondrial membrane potential and
autofluorescence

The membrane potential of 0.5 mg/ml rat LV SSM was measured at 25°C
in incubation buffer with 10 nM of the potentiometric dye rhodamine 123
(Cary Eclipse spectrophotometer, Varian, Mulgrave, Australia, excitation:
503 nm; emission: 535 nm). After the membrane potential was stable,
18a.GA (1, 10, 100 umol/l) or DMSO as vehicle was added. The effect of
DMSO or 18xGA on mitochondrial membrane potential was quantified by
calculating the difference between the rhodamine 123 fluorescence
1 min. before and 1 min. after addition of DMSO (n = 5) or 18aGA
(1 pmol/l: n=7,10 pumol/l: n = 6, 100 pmol/l: n = 7), respectively.

The effect of DMSO or 18xGA on mitochondrial NAD(P)H autofluo-
rescence (excitation 340 nm, emission 460 nm) was quantified by cal-
culating the difference between the fluorescence intensity 1 min. prior
and 1 min. after addition of DMSO (n = 5) or 18aGA (1 umol/l: n =7,
10 umol/l: n =6, 100 pmol/l: n = 7), respectively.
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Mitochondrial ATP generation

Fifty pg rat LV SSM were diluted in 100 pl incubation buffer supple-
mented with 5 mmol/l glutamate and 2.5 mmol/l malate as substrates
for complex | and 0.1 mmol/l di-adenosine-pentaphosphate. Considering
the lack of effect of Cx43-MP on complex Il respiration, ATP generation
was measured using substrates for complex | only. One-hundred micro-
litres of the ATP bioluminescent assay kit (1:5 diluted with incubation
buffer; Sigma-Aldrich) was added and the bioluminescence was
recorded for 1 min. with a Cary Eclipse spectrophotometer (Varian) at
room temperature. ATP generation was initiated by the addition of
500 mmol/l ADP, and the bioluminescence was recorded for another
minute. The bioluminescence of a sample without mitochondria was
subtracted. Rat LV SSM were studied under control conditions
(untreated) or after incubation for 30 min. at 4°C with 250 pmol/l
Cx43-MP (n=15). In addition, ATP generation was measured in the
presence of 1 umol/l 18aGA or DMSO as vehicle (n = 4). Twenty-five
ug/ml oligomycin was used to inhibit the ATP synthase and to prevent
ATP generation.

Activity of respiratory chain complexes

The LV of Cx43"" (n=8) and Cx43CERMMA 4 4-OHT mice (n=9)
were homogenized in a solution containing 50 mmol/l Tris (pH 7.5),
100 mmol/I potassium chloride, 5 mmol/l MgCl,, and 1 mmol/I ethylen-
ediaminetetraacetic acid. Enzyme activities were spectrophotometrically
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Fig. 3 Effect of chronic Cx43-inhibition on oxygen consumption. (A) Western blot analysis was performed for Cx43 and GAPDH on right ventricular
proteins of control mice (Cx43™"), control mice treated with 4-hydroxytamoxifen (Cx43"" * 4OHT) and conditional Cx43-knockout mice
(Cx43Cre-ER(DA + 4-0HT) - ragpectively. (B) Quantification of the Cx43 expression normalized to that of GAPDH. *P < 0.05 versus Cx43™". Basal
and ADP-stimulated respiration were measured using substrates for complex | (C) or complex Il (D), respectively, on LV SSM of Cx43™"
Cx43Mi + 4-OHT and Cx43Cre-ERMA + 4-0HT mice respectively. *P < 0.05 versus Cx43"".
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monitored at 30°C (DU 640 photometer; Beckmann Instruments, Palo
Alto, CA, USA) and normalized to citrate synthase activity. The analysis
of the activity of mitochondrial respiratory chain complex I, complex Il
and citrate synthase as mitochondrial marker enzyme was performed as
described previously [16].

Statistics

Data are reported as mean + S.E.M. Oxygen consumption in HL-1 cells,
basal respiration with 10 uM 18aGA, and activities of respiratory com-
plexes were compared using unpaired Student’s +test. Western blot data
for Cx43, mitochondrial membrane potential and mitochondrial autofluo-
rescence were compared by one-way anovA and Fisher’s least-significant
difference tests were used for post-hoc comparisons. Oxygen consump-
tion without or with ADP-stimulation and without or with 1 umol/l
18aGA or mimetic peptides, respectively, was compared by two-way
AnovA with repeated measures followed by Bonferroni tests. A P < 0.05
was considered to indicate a significant difference.

Results

Oxygen consumption of rat LV SSM was measured under basal con-
ditions before and after addition of 1 pmol/l of the Cx43-hemichannel
inhibitor 18oGA or DMSO as vehicle. Basal respiration (complexes |
and 1) of rat LV SSM was not altered by 18aGA (Fig. 1C), whereas
ADP-stimulated complex |, but not complex Il respiration, was
reduced by 1 pmol/l 18«GA (Fig. 1D). Higher concentrations of
18aGA had toxic effects on mitochondria, as basal respiration was
uncoupled by 10 pmol/l 18xGA [in nmol Ox/mg*min.; complex I:
18.2 + 1.3 before versus 22.3 + 1.6 after (n = 6, P < 0.05); complex
II: 47.8 + 2.6 before versus 69.2 + 4.2 after (n = 6, P < 0.05)], and
NAD(P)H autofluorescence was decreased (Fig. 1B). One-hundred
umol/l 18GA decreased both membrane potential and autofluores-
cence (Fig. 1A and B).

Rat LV SSM were incubated with Cx43-mimetic peptides (Cx43-
MP), which are known to block Cx43-hemichannels [14]. Cx43-MP
reduced ADP-stimulated complex I, but not complex Il respiration,
compared with control Cx40-MP peptides (Fig. 2A). Basal respiration
was similar between groups. Cx43-MP did not reduce ADP-stimulated
complex | respiration in IFM, which do not contain Cx43 compared
with Cx40-MP (in nmol O»/mg*min., basal respiration: untreated:
17.0 £ 2.0; Cx40-MP: 19.3 + 1.7; Cx43-MP: 20.3 + 1.7; ADP-stimu-
lated respiration: untreated: 74.9 + 6.1; Cx40-MP: 58.1 + 4.5; Cx43-
MP: 58.6 + 4.8, n = 8, P = ns Cx40-MP versus Cx43-MP). To exclude
unspecific effects of Cx43-MP, ADP-stimulated complex | respiration
was measured in LV SSM from conditional Cx43-knockout mice. Here,
Cx43-MP also had no effect on ADP-stimulated complex | respiration
(Cx43™": 34.2 + 2.4 nmol 0,/mg*min., n = 8 versus Cx43%ERM/M
4-0HT: 33.5 = 1.9 nmol 0o/mg*min., n = 14, P = ns).

ATP generation of rat LV SSM treated with 250 pmol/l Cx43-MP
was reduced to 92.7 + 1.9% of untreated mitochondria (n = 15,
Fig. 2B and C). In the presence of oligomycin, which inhibits the
mitochondrial ATP synthase, almost no ATP was produced
(Fig. 2B).
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Fig. 4 Cx43-overexpression in mitochondria. (A) Western blot analysis
was performed for Cx43 and the 70 kD subunit of complex Il (Cll) as
mitochondrial marker protein on mitochondria isolated from HL-1 cells,
which were transfected with the empty vector pBabe-puro or the Cx43-
overexpressing vector pBabe-Cx43, respectively (n=5). (B) Oxygen
consumption was measured using substrates for complex | (cells in
suspension, left panel) or substrates for complex Il (isolated mitochon-
dria, right panel) from HL-1 cells transfected with the empty vector
pBabe-puro or the Cx43 overexpressing vector pBabe-Cx43, respec-
tively. *P < 0.05.

4-0HT reduced the Cx43 content to about 10% in Cx43CeERM/
mice, but did not influence Cx43 expression in Cx43"™ mice (Fig. 3A
and B). ADP-stimulated oxygen consumption with substrates for
complexes | or Il (Fig. 3C and D) was unaffected by 4-OHT in Cx43""
mice, but ADP-stimulated complex | respiration was lower in
Cx43CeERM/A 1 A.OHT than in Cx43"" SSM; ADP-stimulated com-
plex Il respiration was comparable between groups. Basal respiration
(complexes | and 1) was not modified by Cx43-deficiency (Fig. 3C
and D).

Activities of complex | and complex Il were measured in percent-
age of citrate synthase activity in LV protein extracts of Cx43¢e¢-ER(M
+ 4-0HT and Cx43"" mice. Complex | activity was significantly lower
in the Cx43-deficient mice than in the control mice (Cx43CTeERM/M
4-0HT: 16.1 £ 0.9%, n=19, versus Cx43"™ 19.8 + 1.3%, n=38,
P < 0.05). In contrast, Cx43-deficiency had no influence on complex
| activity (Cx43C®ERMM L 4.OHT: 53.7 + 3.5%, n=9, versus
Cx43"1- 517 + 3.9%, n= 8, P = ns).

(Cx43 overexpressing HL-1 cardiomyocytes had a 5.0 + 0.7 fold
increase in the mitochondrial Cx43 content (n = 5, Fig. 4A). Oxygen
consumption was measured in intact cells (complex | respiration) or
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isolated mitochondria (complex I1) from Cx43-overexpressing or con-
trol-transfected HL-1 cells. Complex | respiration was increased in
Cx43-overexpressing HL-1 cells, whereas complex Il respiration was
not affected (Fig. 4B).

Discussion

The present study demonstrates that mitochondrial Cx43 impacts on
ADP-stimulated complex | respiration and ATP production.

The effects of Cx43 overexpression as well as acute and chronic
Cx43 inhibition/reduction on mitochondrial oxygen consumption were
investigated. In isolated mitochondria from HL-1 cells, complex |
respiration was below the detection level and was therefore measured
in intact cells only. Here, overexpression of Cx43 in HL-1 cardiomyo-
cytes increased complex | respiration compared with control-trans-
fected cells. Cx43 overexpression had no effect on complex Il
respiration. As glucose, which was used as substrate in the experi-
ments with intact cells, does not exclusively activate complex |, it is
not possible to attribute the effects of Cx43-overexpression to
enhanced activity of this complex only. However, the finding that
Cx43-overexpression had no impact on complex Il respiration in iso-
lated mitochondria supports the role of mitochondrial Cx43 for com-
plex |-driven oxygen consumption.

Inisolated rat SSM, 1 umol/l 18aGA, a concentration without toxic
effects, reduced ADP-stimulated complex |, but not complex Il respira-
tion; higher concentrations of 184GA (10 and 100 umol/l) damaged
mitochondria by inducing loss of membrane potential and NAD(P)H
autofluorescence and by uncoupling basal respiration. Ten umol/l of
the 18aGA isomer 18BGA has previously been reported to induce
mitochondrial transition pore opening in rat heart mitochondria [17].

The effects of 18aGA were more pronounced than those measured
with Cx43-MP. Apart from blocking Cx43-mediated effects, 18uGA may
react directly with a subunit of complex | [17], explaining its greater potency.

Cx43-MP block Cx43-formed hemichannels and gap junctions
[14]. While Cx40 and Cx43 are both expressed in endothelial cells,
only Cx43 is present in ventricular cardiomyocytes and in isolated
ventricular mitochondria [15]. Cx40 is present in atrial cardiomyo-
cytes and was detected in atrial mitochondria as well [15]. Thus, any
effect observed with Cx40-MP served as control for non-cardiomyo-
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cyte mitochondria isolated from LV myocardium, and indeed, the
Cx40-MP decreased mitochondrial respiration slightly. While the
localization of Cx40 in mitochondria from endothelial cells has not
been demonstrated yet, the putative presence of Cx40 in these organ-
elles may be responsible for the reduced oxygen consumption
induced by Cx40-MP. Importantly, the reduction of complex I respira-
tion, but not complex Il respiration, by Cx43-MP was significantly
greater than by Cx40-MP in SSM (containing Cx43) but not IFM (lack-
ing Cx43), highlighting the specificity of the observed effect.

To investigate the effect of a more chronic Cx43 reduction on res-
piration, we studied the oxygen consumption of mitochondria from
conditional Cx43-knockout mice and found reduced ADP-stimulated
complex | respiration. It is possible that Cx43-deficiency affects the
composition and hence activity of complex I, as the Cx43-carboxyter-
minus has also been detected in cardiomyocyte nuclei [18] and Cx43-
deficient hearts have decreased transcript levels of 11 nuclear genes
encoding subunits of complex I, whereas mRNAs encoding complex
Il subunits are not differentially expressed [19]. Of note, specifically
complex | activity was reduced in Cx43-knockout mice. However, as
not only chronic reduction but also acute inhibition of Cx43 reduced
complex | respiration, Cx43 may directly affect complex | by interfer-
ing with complex | subunits. However, co-immunoprecipitation stud-
ies did not detect an interaction of subunits of complex | with Cx43
(data not shown).

In conclusion, the present study demonstrates the importance of
mitochondrial Cx43 for oxygen consumption and ATP production.
Inhibition or reduction of mitochondrial Cx43 specifically decreases
complex | respiration.
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