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Abstract

We hypothesized that NO*® is generated in isolated cardiac mitochondria as the source for ONOO™
production during oxidative stress. We monitored generation of ONOO™ from guinea pig isolated
cardiac mitochondria subjected to excess Ca2* uptake before adding succinate and determined if
ONOO™ production was dependent on a nitric oxide synthase (NOS) located in cardiac
mitochondria (mtNOS). Mitochondria were suspended in experimental buffer at pH 7.15, and
treated with CaCl, and then the complex Il substrate Na-succinate, followed by menadione, a
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guinone redox cycler, to generate O,"~. L-tyrosine was added to the mitochondrial suspension
where it is oxidized by ONOO™ to form dityrosine (diTyr) in proportion to the ONOO™ present.
We found that exposing mitochondria to excess CaCl, before succinate resulted in an increase in
diTyr and amplex red fluorescence (H,05) signals, indicating that mitochondrial oxidant stress,
induced by elevated mtCa2* and succinate, increased mitochondrial ONOO™ production via NO*®
and O,"". Changes in mitochondrial ONOO™ production dependent on NOS were evidenced by
using NOS inhibitors L-NAME/L-NNA, TEMPOL, a superoxide dismutase (SOD) mimetic, and
PTIO, a potent global NO* scavenger. L-NAME and L-NNA decreased succinate and menadione-
mediated ONOO™ production, PTIO decreased production of ONOO™, and TEMPOL decreased
ONOO™ levels by converting more O,"~ to H»O». Electron microscopy showed immuno-gold
labeled iINOS and nNOS in mitochondria isolated from cardiomyocytes and heart tissue. Western
blots demonstrated iNOS and nNOS bands in total heart tissue, bands for both iNOS and nNOS in
B-tubulin-free non-purified (crude) mitochondrial preparations, and a prominent iNOS band, but
no nNOS band, in purified (Golgi and ER-free) mitochondria. Prior treatment of guinea pigs with
lipopolysacharride (LPS) enhanced expression of iNOS in liver mitochondria but not in heart
mitochondria. Our results indicate that release of ONOO™ into the buffer is dependent both on
0, released from mitochondria and NO* derived from a mtCa2*-inducible nNOS isoform,
possibly attached to mitochondria, and a mtNOS isoform like iNOS that is non-inducible.
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1. Introduction

Nitric oxide (NO®) [1], initially identified as the endothelium-derived relaxing factor, plays a
crucial role in the gaseous regulation of multiple systems including cardiovascular,
respiratory, endocrine, peripheral and central nervous, and immune systems. The synthesis
of NO" is catalyzed by nitric oxide synthase (NOS), of which two isozymes are constitutive
and called neuronal NOS (nNOS or NOS1) and endothelial NOS (eNOS or NOS3). The
third isoform is called inducible NOS (iNOS or NOS2). These isoforms are ubiquitously
expressed and found in all cell types. During NO* synthesis NOS converts L-arginine to NO*
and L-citrulline. The activities of nNOS and eNOS depend on Ca%* binding to calmodulin,
so CaZ* is a regulator of NO® generation [2,3,4,5]. In contrast, iNOS is largely upregulated
by pro-inflammatory cytokines and hypoxia [6,7]. Much is known about the function of the
isozymes of NOS by information obtained using specific NOS knockouts [5,8].

Initially, eNOS was thought to be the only constitutively expressed isoform in myocytes and
was considered the major source of NO*® in the autocrine regulation of myocardial
contraction and Ca?* homeostasis [2,9]. NO* plays a major role in modulating mitochondrial
function, so the presence of any isoform of NOS in the inner mitochondrial membrane
(IMM), outer mitochondrial membrane (OMM), the mitochondrial matrix, or in the
immediate vicinity of mitochondria, would be important for assessing its function
[7,10,11,12]. For example, findings have indicated that nNOS is present in cardiac
sarcoplasmic reticulum (SR) [13,14,15] and that it may be a variant [16] of the canonical
nNOS that targets the SR [16], a component of the so-called mitochondrial associated
membranes (MAM) [13].

Under physiological conditions, mitochondria play a critical role in cellular energy
production, gene expression, and metabolic regulation [17]. NO® is well known to block
cytochrome coxidase (complex V) to stem electron transport at that site [18,19] and alter
mitochondrial function. NO*® has been implicated in regulating trans-mitochondrial (mt)
Ca?* flux and mitochondrial trans-membrane potential (A¥ ;) [20,21] and in modulating
reactive oxygen species (ROS) and reactive nitrogen species (RNS) emission [22,23].
Nitrites, like peroxynitrite (ONOQO™) [24], derived from NO* and O,*~ (superoxide), can
induce preconditioning protection against ischemic injury [25] but in high amounts they
induce tissue and mitochondrial damage [24,26,27,28,29,30,31]. Pharmacologically
blocking NOS results in coronary vasoconstriction [32], and RNS scavenging protects hearts
against ischemia [26].

Despite the effects of stimulating or blocking NO* generation on mitochondrial function, it
still remains controversial if mitochondria actually contain their own NOS (mtNOS) isoform
[33] (review), either in the matrix or in the IMM [34]. Several studies have provided results
suggesting the existence of a mtNOS based on western blots using antibodies to Ca2*-
sensitive NOS [3,7,11,12,35,36]. mtNO" release was reported to be modulated by AY , [37].
The generation of NO* was identified in rat liver mitochondrial homogenates using electron
paramagnetic resonance and a spin trap [38]. Isolation of a NOS isoform in rat liver
mitochondria suggests it differs from cytosolic NOS and is post-translationally modified to
allow its transport through the IMM [39]. Conversely, other studies have reported that the
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mitochondrial electron transport chain (ETC) is a source of non-enzymatic NO® production
via a nitrate reductase/ubiquinone cycle [40,41]. However, because this phenomenon was
only observed in the absence of O, its physiological relevance remains unclear [34]. It
remains difficult to rule out contamination of isolated mitochondria with other organelle
fragments that may contain NOS to release NO® that affects mitochondrial function.

Whether NO is generated by a NOS located in structures near mitochondria, or in the OMM,
IMM, or matrix, NO* can diffuse easily across nearby membranes and physiologically
modulate mitochondrial function. NO* can also negatively affect mitochondrial function via
its conversion to ONOO™, a nonradical but highly toxic oxidant, or to other RNS [42].
ONOO is a short-lived oxidant in an acidic, warm environment but it is stable in an
alkaline, cold environment. It is produced by the reaction between the two radicals NO*® and
0, at diffusion-controlled rates (~1x1010 M~ s-1) [42,43,44]. Peroxynitrite production is
presumed to occur near mitochondrial sources of O,°~ such as the ETC. Although NO* is
relatively stable and freely diffusible through membranes, O~ is short-lived, and as a
charged species, demonstrates limited diffusion [45]. The induction of ONOO™ production
in vivo in specific compartments has been previously estimated to reach levels of 50-100
UM/min [46]. In a physiological buffer containing L-tyrosine (Tyr), Tyr is oxidized by
ONOO™ to form the fluorescent dimer dityrosine (diTyr). Thus, this diTyr assessment
method has been used to monitor the formation of ONOO™ indirectly, but in direct
proportion to actual ONOO™, in extracellular fluid [24,29,47,48].

When hearts are subjected to ischemia reperfusion (IR) injury, or isolated cells are exposed
to hypoxia or simulated ischemia, the presence of NO*® with locally derived O," generates
ONOO™ that can be assessed either by diTyr production or by protein tyrosine nitration with
3-nitrotyrosine antibody [24,27,28,29]. When electron transport is blocked
pharmacologically at complex I, I11, or IV, mitochondria can produce very high levels of
ROS, initially as O,"~ and its dismutase product hydrogen peroxide (H»0O5), that are
dependent on Ca%* loading and an acidic pH [22,48]. The presence of NO" largely
determines if H,O, or ONOO™ is produced in greater amounts [26]. Menadione, a quinone
redox cycler that induces one electron reduction of oxidants, has been shown to generate
large amounts of O,°~ and ONOO™ [48,49].

Cardiac cell mitochondria have been reported to contain [10,23,50] or not to contain [51] a
functional nNOS. Our goal was to induce oxidative stress in isolated, unpurified
mitochondria by adding excess CaCl, and then succinate to the mitochondrial buffer, and to
examine for mtNOS activity assessed by di-Tyr production. We proposed that increased
mtCa?* loading activates a mtNOS to generate NO® [52] and that adding succinate, in the
absence of pyruvate, reverses electron transfer at complex | to generate O,*~ [53]. The result
would be production of mtONOO™. Because superoxide dismutase (SOD) converts O,*~ to
H,0,, the SOD mimetic TEMPOL [54,55] and PTIO, a potent global NO* scavenger [55],
would be expected to modulate the ONOO™ levels. N9-nitro-L-arginine-methy! ester (L-
NAME), or another NOS inhibitor, Nw-nitro-L-arginine (L-NNA), would be expected to
directly block any mtNOS activity and to stop ONOO™ production. /7 vivo, mtCa2* and
succinate accumulate during cardiac IR injury [22,53]; the resulting accumulation of ONOO
~ can cause tyrosine nitration of proteins [24,26,48] and cause damage to mitochondrial
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proteins such as the voltage dependent anion channel (VDAC) and the ADP/ATP
cotransporter adenine nucleotide translocase (ANT) [28].

Our first aim was to ascertain: a) if ONOO™ production (diTyr levels) occurs in cardiac
isolated mitochondria to indicate the presence of NOS, b) if ONOO™ levels are altered
during mitochondrial stress using modulators of O,*~ or NO® generation, and ¢) if NOS
inhibitors and ROS/RNS scavengers reduce the accumulation of mtONOQO™. Our second aim
was to assess if there is one or more traditional cytosolic NOS isoforms in isolated
mitochondrial preparations from heart tissue and cardiomyocytes by western blotting and
immuno-electron microscopy (IEM) using commercial anti-NOS antibodies.

2.0 Materials and Methods

2.1. Animals and treatments

All experiments were performed in accordance with the National Institutes of Health (NIH)
Guide for the Care and Use of Laboratory Animals (NIH Publication No. 85-23, revised
1996) and were approved by the Institutional Animal Care and Use Committee of the
Medical College of Wisconsin. Albino guinea pigs were used in all experiments. In three
additional experiments guinea pigs were first injected intraperitoneally (i.p.) with 40 mg/Kg
lipopolysacharride (LPS, Escherichia coli 0111:B4, Sigma-Aldrich, Madrid, Spain),
dissolved in 0.3 mL saline, to determine if this would induce expression of iNOS in cardiac
and liver isolated mitochondria. Five hours after LPS injection, guinea pigs were
anesthetized and euthanized by decapitation. Liver and heart were quickly extracted and
mitochondrial preparations were prepared from both organs as described below.

2.2. Isolation of guinea pig cardiomyocytes

Hearts were isolated from ketamine-anesthetized (50 mg/kg ip) guinea pigs (250-350 g) and
the coronary system was perfused via the aorta against a closed aortic valve as reported in
detail previously [24,26,32,48,56]. Cardiomyocytes were isolated as we previously
described using an isolation solution containing collagenase and protease [57,58].
Dissociated cardiomyocytes were stored in the Tyrode’s solution (in mM: 132 NaCl, 10
HEPES, 5 glucose, 5 KCl, 1 CaCl,, 1.2 MgCly, adjusted to pH of 7.4) and used to isolate
mitochondria.

2.3. Isolation of mitochondria and western blotting

Mitochondria were isolated from intact guinea pig heart [22,27,28,58], and liver, and from
cardiomyocytes after isolating them first. In brief, hearts and livers were excised, minced
into 1 mm3 pieces, and placed in a chilled isolation buffer A containing (in mM): 200
mannitol, 50 sucrose, 5 KHoPO4, 5 MOPS, 1 EGTA, 0.1% fatty acid free bovine serum
albumin (BSA), and protease inhibitors with pH adjusted to 7.15 with KOH, and then
homogenized. Fresh isolated cardiomyocytes were also suspended in buffer A and
homogenized with a Dounce homogenizer. The homogenized slurries were centrifuged for
10 min at 8000 g at 4°C. After decanting the supernatant, the pellet was re-suspended in
isolation buffer A and spun at 900 g for 10 min at 4°C; the supernatant was collected and re-
centrifuged at 8000 g at 4°C. The final mitochondrial pellet following this centrifugation
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was re-suspended in isolation buffer. The mitochondria isolated from fresh cardiomyocytes
were processed to identify mitochondrial NOS isoforms using immuno-gold electron
microscopy. The mitochondria isolated from heart tissue were used to measure
mitochondrial function or for further purification as described by Graham [59] and by us
[58]. For purification, mitochondria were layered on 30% percoll in isolation buffer, and
then centrifuged for 30 min at 95,000 g at 4°C. The resulting purified mitochondria were
used for western blot analysis of NOS.

Mitochondrial membranes were also prepared as described previously by Giulivi et al. [38].
In brief, purified mitochondria from guinea pig heart and liver, obtained as described above,
were homogenized by using a Dounce homogenizer with buffer B containing 1 mM EDTA,
5 mM B-mercaptoethanol, 50 mM Hepes and protease inhibitors (Roche, complete mini
tablet) at pH 7.5. This homogenate was centrifuged at 4000 g for 10 min, and then the
supernatant was further centrifuged at 150,000 g for 1 h at 4°C. The pellet containing the
mitochondrial membranes was then washed with buffer C (buffer B plus 1 M KCI, 10%
glycerol) and centrifuged again at 150,000 g for 30 min. The final pellet of mitochondrial
membranes was then lysed with RIPA buffer containing 50 mM Tris-Cl pH 7.4, 150 mM
NaCl, 1% sodium deoxycholate, 1% Triton X-100, 0.1% SDS and protease inhibitors on ice
for 30 min for western blot analysis.

Whole heart tissue, unpurified and purified isolated mitochondrial preparations, and isolated
IMM preparations were lysed with RIPA buffer and then the lysates were boiled at 95°C for
5 min in 1x Laemmli buffer. The samples were resolved by SDS-PAGE and transferred onto
PVDF membranes. The membranes were incubated with specific primary antibodies against
iNOS (SC-7271 from Santa Cruz Biotechnology, and ab3523 and ab136918 from Abcam),
nNOS (SC-5302 from Santa Cruz Biotechnology and C7D7 from Cell Signaling
Technology, Cat. #4231), and eNOS (D9AS5L from Cell Signaling Technology, Cat #32027).
Washed membranes were incubated with the appropriate secondary antibody conjugated to
horseradish peroxidase, then immersed in an enhanced chemiluminescence detection
solution (Bio-Rad Laboratories). The band signals were obtained using ChemiDoc imaging
system (Bio-Rad Laboratories). For monitoring the content of isolated mitochondria, blots
were stripped with buffer (62.5 mM Tris-Cl, 2% SDS, and 100 mM B-mercaptoethanol at
pH 6.8), and then probed with the mitochondrial specific antibody anti-VDAC (Cell
Signaling Technology). To assess the purity of isolated mitochondria, western blots against
the cytosol-specific antibody anti-B-tubulin (Cell Signaling Technology), anti-calnexin
antibody (Cell Signaling Technology), anti-SERCAZ2 (sarcoplasmic/endoplasmic reticulum
Ca?*-ATPase2, Santa Cruz Biotechnology), and anti-GM130 (cytosolic Golgi protein, Cell
Signaling Technology) were performed using the same membranes as for the NOS
antibodies.

Immuno-electron microscopy to identify and localize mitochondrial NOS isoforms

Immuno-electron microscopy (IEM) was used as previously described [58] to identify and
localize isoforms of NOS in mitochondria isolated from guinea pig cardiomyocytes and in
heart tissue. Briefly, the isolated mitochondrial pellet or the heart tissue samples were fixed
with EM fixative and then processed using the protocols of Berryman and Rodewald [60].
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Immuno-gold labeling was performed by floating grids on droplets of 0.1 M NaH,POy4
buffer containing 5% PB-BSA, then incubated with rabbit specific primary antibodies
against NNOS (C7D7), eNOS (D9AS5L), and iNOS (ab136918) diluted 1:50 for 90 min.
Non-immune rabbit polyclonal serum was used as the negative control. This step was
followed by washes in PB-BSA. The sections were then incubated with goat anti-rabbit 1gG,
or goat anti-mouse 1gG, conjugated to 10 nM colloidal gold, rinsed in distilled water, and
then stained with 2% aqueous uranyl acetate. Sections were examined in a JEOL JEM2100
transmission electron microscope at 75-80 kV for 30,000 to 60,000x magnification
(conditions: ORCA 1792 x2 gain, Bin 1; gamma: 0.95; normal contrast, no sharpening).

2.5. Mitochondrial function protocols

Mitochondrial functional experiments, described below, were conducted at room
temperature (25°C), with unpurified (crude) mitochondria (0.5 mg protein/mL) suspended in
experimental buffer D that contained (in mM) 130 KCI, 5 K,HPO,4, 20 MOPS, 0.001
Na4P,07, and 0.1% BSA. Protein content was determined by the Bradford method. The
mitochondrial suspension protein concentration was adjusted to yield 12.5 mg protein/mL
before initiating the mitochondrial functional protocols. This assured that only
approximately 40 uM EGTA was carried over from the isolation buffer (buffer A) into the
experimental buffer. In fully charged mitochondria, Ca2* uptake after adding 75 pM CaCl2
is estimated to increase matrix mt[Ca2+] to approximately 15-20 pM [61].

2.6. Mitochondrial peroxynitrite accumulation assessed by di-tyrosine concentration

In a physiological buffer, L-tyrosine is oxidized by ONOO™ to form the stable fluorescent
dimer dityrosine (diTyr) [27,28,29,43,48]. This method is used to assess the proportional
amount of ONOO™ released into the extracellular fluid of isolated hearts or into the buffer of
isolated mitochondria. Mitochondria were suspended in buffer E, which was buffer D plus
0.5 mM L-Tyrosine, in a 1 mL cuvette placed inside a spectrophotometer ((Horiba QM-8;
Photon Technology International (PTI). ONOO™ production was measured in Buffer E from
mitochondria undergoing stress induced by adding to buffer E, 75 uM CaCl, followed by 10
mM Na-succinate, with or without the redox cycler menadione (10 pM). Menadione, which
generates ROS within the ETC and concomitantly decreases NADH consistent with redox
cycling [62,63], was used to induce an additional mitochondrial oxidant stress as would
occur during IR injury. DiTyr concentration was measured at excitation and emission
wavelengths of A.322 nm and A422 nm, respectively. To assess endogenous NO* generation
induced by NOS and concomitant ONOO™ production, NOS inhibitors L-NAME and L-
NNA (10 mM), the SOD mimetic TEMPOL (2.5 and 10 mM), and the global NO*® scavenger
PTIO (100 uM and 500 pM), were added to buffer E before adding mitochondria.

ONOO™ concentrations were estimated from a linear calibration curve in which eight
authentic ONOO™ standards (range 1-300 uM), frozen and stored in alkaline buffer [64],
were thawed and added to buffer E containing the excess L-tyrosine plus CaCj, (75 uM) (40
UM EGTA), succinate, and menadione, but no mitochondria. A linear calibration curve for
diTyr (y), in arbitrary fluorescence units (AFU), as a function of (x), the [ONOO™]
standards, gave: y = 92.3x —270 (R? = 0.985), so that an increase of 10,000 AFUs would be
equivalent to about 105 pM ONOO™. Buffer E, containing L-tyrosine, without added
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mitochondria, gave a background fluorescence of 10,000 AFU, indicating the baseline.
Adding substrates with mitochondria to buffer E (induced oxidative stress only) increased
fluorescence to approximately 25,000 AFUs, so an increase of 15,000 AFU approximates a
basal concentration of 157 uyM ONOO™.

2.7. Mitochondrial H,O, production

Mitochondria were suspended in buffer D in a 1 mL cuvette inside the same cuvette-based
spectrophotometer. The rate of H,O, release was measured using amplex red (12.5 puM;
Molecular Probes, Eugene, OR, USA) and horseradish peroxidase (0.1 U/mL), in the
presence of CaCl, (75 uM with 40 uM EGTA), Na-succinate (10 mM), and later, menadione
(10 uM), at excitation and emission wavelengths of A530 and A583 nm, respectively. H,0,
is the direct product of O,"~ when catalyzed by O,*~ dismutase (SOD) in the absence of
nitric oxide (NO"). To investigate a role of NO* in modulating H,O, generation in isolated
mitochondria, L-NAME and L-NNA (10 mM), TEMPOL (2.5 and 10 mM), PTIO (100 pM
and 500 uM), and the complex I blocker rotenone (10 uM), were also added to buffer D
(before the addition of mitochondria). H,O, levels were calibrated over a range of 10-200
nM H,0, added to buffer D in the absence of mitochondria but in the presence of amplex
red and horseradish peroxidase as described previously [22].

2.8. Mitochondrial membrane potential

Mitochondrial membrane potential (AY ;) was assessed using rhodamine 123 (200 nM;
Sigma) [62] inside the same cuvette-based spectrophotometer at excitation and emission
wavelengths of A503 nm and A527 nm, respectively, in the presence of CaCl, (75 uM with
40 uM EGTA) and Na-succinate (10 mM) with menadione (10 uM) added later for
additional oxidative stress. The complex | blocker rotenone (10 uM) and/or the complex 111
blocker antimycin A (5 pM) were added to buffer D before mitochondria were added. The
uncoupling agent FCCP (36 uM) was given at the end of each experiment to assess maximal
AY, depolarization.

2.9. Mitochondrial O, consumption

Oxygen consumption rate (respiration) was measured polarographically using a Clark O,
electrode system (System S 200A,; Strathkelvin Instruments). Respiration experiments using
complex Il substrate Na-succinate (10 mM) at pH 7.15 and without added CaCl, were
conducted initially to determine mitochondrial vitality. Respiration was measured before
(state 2), after adding 250 uM ADP (state 3), and after complete phosphorylation of the
added ADP (state 4). The respiratory control index (RCI), the ratio of states 3/4 respiration,
had to be greater than 3 in the presence of 10 uM Na-succinate to continue experiments
using the fluorescence probes. Mean RCI before initiating experiments was 4.4+0.3; after 4
h (approximate length of experiments) the RCI was 3.5+0.2 (data not shown graphically).

2.10. Statistical analysis

Functional data were collected and averaged at 60 s (after adding drugs and mitochondria),
at 240 s (after adding CaCl, and succinate but before menadione) and at 320-350 s (after
adding menadione). All data points presented were expressed as average +SEM. Repeated
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measure ANOVAs followed by a post hoc analyses using Student-Newman-Keuls’ test was
performed to determine significant differences among groups. A Pvalue < 0.05 (two-tailed)
was considered significant. See figure legends for statistical notations.

3. Results

3.1. Effect of blocking ETC complexes | & Il on altering AY¥, induced by excess CaCl,
and succinate

In one set of experiments (Fig. 1) we assessed changes in AY,, and evaluated the effects of
stress induced by a high mt[Ca2*] and succinate alone vs. pre-treatment with ETC complex |
inhibitor rotenone, or complex Il inhibitor antimycin A, and both together. An increase in
rhodamine 123 fluorescence represents increasing AYy, depolarization. In the single case
with succinate given before CaCl, (purple trace), AY ,, depolarization did not occur.
Mitochondria exposed to CaCl, loading first (90 s) exhibited depolarization (yellow trace),
until the addition of succinate (140 s), which repolarized AY , to baseline. Pre-treatment
with rotenone before incubation resulted in greater AY ,, depolarization from baseline with
CacCls (blue trace) compared to untreated mitochondria (90 s); addition of succinate (150 s)
repolarized AY \, to baseling; this indicates that membrane permeability transition (MPT)
did not occur. Pre-treatment with antimycin A resulted in a greater AY,, depolarization after
CacCls loading (90 s) compared to untreated stressed mitochondria or rotenone (green trace);
addition of succinate did not repolarize AY \, to baseline. Pre-treatment with rotenone plus
antimycin A caused the greatest AY,, depolarization after CaCl, loading (red trace) and
addition of succinate did not repolarize A'Y, to baseline. For each treatment group, the latter
addition of menadione (250 s) resulted in negligible changes in AY',, compared to baseline.
Final addition of the proton gradient uncoupler FCCP demonstrated the maximal
depolarization of AY ,, for each treatment group. These results demonstrated that only CaCl,
loading followed by succinate effectively induces mitochondrial stress by causing AY
depolarization and repolarization, respectively. The added effect of rotenone indicates that
the changes in AY ,, with CaCl, and succinate are likely due to reverse electron transfer at
complex | and not to inhibition of complex I1I.

3.2. Effect of NOS inhibition, NO® scavenging, and a SOD mimetic, on mitochondrial H,O»
generation during stress induced by CacCl, plus succinate

In a second set of experiments (Fig. 2) we measured H,O, generation induced by adding
CaCl, and then succinate, before and after menadione, as in Fig. 1, and evaluated the effects
of pre-treatments with NOS inhibitors L-NAME or L-NNA, SOD mimetic TEMPOL, global
NO* scavenger PTIO, and complex | blocker rotenone on H,0O, generation. Adding
succinate (150 s) after CaCl, (90 s) caused the H,O, generation rate (light blue) to increase.
Pre-treatment with 2.5 mM TEMPOL (yellow) increased the basal H,O, generation rate and
delayed the succinate-mediated increase in H,O, by 30 s. Pre-treatment with PTI1O (green,
purple) increased the basal rate of H,O, generation and both concentrations delayed the
succinate-mediated increase in H,O, by approximately 30 s. Pre-treatment with L-NAME
(brown) or L-NNA (dark blue) reduced that basal H,O, generation rate and delayed the
succinate-mediated increase in H,O, by approximately 20 and 30 s, respectively. Pre-
treatment with 10 uM rotenone (red) decreased the basal rate of H,O, generated and
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abolished the succinate-mediated increase in H,O, consistent with the repolarization of
AY, (Fig. 1). Following exposure to menadione, the rate of H,O, generation decreased
(270 s) compared to the succinate-mediated increase in H,O, generation rate (180 s). Pre-
treatment with L-NAME and L-NNA decreased the menadione-mediated H,O, generation
rate (270 s) compared to mitochondria that had undergone stress alone. Pre-treatment with
2.5 mM TEMPOL markedly increased the menadione-mediated H,O, generation rate (270
s). Pre-treatment with PT10O (100 uM and 500 pM) also markedly increased the menadione-
mediated H,0, generation rate (270 s). Pre-treatment with 10 uM rotenone did not affect the
menadione-mediated H,O, production rate. These results indicated that excess CaCly,
preceding succinate addition, effectively simulates H,O, generation (derived from O,, most
likely via RET at complex 1) in mitochondria; moreover, NOS inhibitors reduce, whereas
PTIO and TEMPOL increase, the basal and menadione-induced H,O, generation rates.

3.3. Effect of NOS inhibition, NO® scavenging, and TEMPOL, on mitochondrial ONOO~
production during stress induced by CaCl, plus succinate

We then measured mitochondrial release of ONOQO™ indirectly via formation of diTyr in
mitochondria undergoing oxidative stress as shown in Fig. 2, and again evaluated the effects
of pre-treatment with NOS inhibitors L-NAME and L-NNA, the SOD mimetic TEMPOL,
and the global NO* scavenger PTIO on altering ONOO™ production (Fig. 3). Sample traces
show changes over time (Fig. 3A). Starting fluorescence unit values reflect effects of the
prior treatments on basal levels of ONOO~when mitochondria were added to the buffer. In
summarized results, baseline (at 60 s) [ONOQ™] after adding mitochondria, but before
inducing stress, was highest in the control group (no pre-treatments), lowest in the L-NAME
and L-NNA groups, and intermediate in the TEMPOL and PTIO groups (Fig. 3B).

After adding CaCl, and succinate, but before adding menadione (240 s) there was a
moderate increase in ONOO™ (+14.0 +1.6 uM) compared to the 60 s baseline for each
treatment group (Fig. 4A). Pre-treatment with NOS inhibitors L-NAME and L-NNA (both
10 mM) significantly decreased the amount of CaCl, plus succinate-mediated ONOO™
production (-15.6 + 1.1uM, £<0.001) and (3.4 £0.4 uM, P <0.001), respectively, compared
to mitochondria only treated with CaCl, and succinate. Pre-treatment with the SOD mimetic
TEMPOL (2.5 mM and 10 mM) decreased CaCl, plus succinate-mediated ONOO™
production slightly, but the differences were not significant (+11.9 +2.0 uM, £=0.96) and
(+7.9 £2.3 uM, P=0.12). Pre-treatment with the NO*® scavenger PTI1O (100 pM and 500 puM)
also decreased CaCl, plus succinate-mediated ONOO™ production, and the difference was
significant for 500 uM PTIO (+7.1 + 1.9 uM, P <0.05), but not for 100 uM PTIO (+14.0 £
0.7 uM, P=1.00).

Mitochondria undergoing oxidative stress induced by excess CaCl, plus with added
menadione (at 350s) produced a greater increase in ONOO™ (60.0 £2.9 uM) (Fig. 4B)
compared to CaCl, plus succinate alone (A<0.001) in this treatment free group. Pre-
treatment with L-NAME (-3.1 0.6 pM, /A<0.001) and L-NNA (2.4 £1.5 uM, £<0.02)
significantly decreased menadione-mediated ONOO™ production compared to that in the
CacCls, plus succinate treated mitochondria alone group (60.0 £2.9 uM), respectively. Pre-
treatment with 2.5 mM or 10 mM TEMPOL significantly decreased menadione-mediated
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ONOO™ production (17.4 +4.4 yM, P<0.03; —-3.7 £0.9 uM, P <0.001, respectively. Pre-
treatment with 100 uM PTIO did not significantly decrease menadione-mediated ONOO~
production (46.9 +2.3 uM, P=0.99), but 500 uM PTIO significantly decreased ONOO™
production (24.1 +4.1 uM, P <0.05) compared to CaCl, plus succinate treatment alone.
These results indicated that mitochondrial ONOO™ production becomes greatly attenuated
during oxidative stress when mtNOS is inhibited or NO“ is scavenged, or if more O, is
converted to H,O, by TEMPOL, and if menadione is present to enhance generation of O*~
within the ETC.

3.4. Western blotting to identify NOS isoforms in cardiac isolated mitochondrial
preparations

Guinea pig heart tissue, isolated crude mitochondria, percoll-purified cardiac mitochondria,
and enriched IMM samples were subjected to western blot analysis with eNOS, nNOS, or
iNOS specific primary antibodies. To help determine the presence of a mtNOS, several
antibodies against two NOS isoforms from different suppliers were used. p-tubulin, a
cytosol-specific protein; calnexin and SERCA2, SR markers; and GM130, a Golgi marker
were determined by western blots to assess the purity of the isolated mitochondrial samples.
The B-tubulin band (51 kDa) was present in the whole-heart samples but was not present in
crude (Figs. 5-7) or percoll-purified mitochondrial samples (Fig. 7). This indicated that the
mitochondrial preparations, isolated using either of these procedures, were not likely
contaminated by cytosolic proteins.

The whole-heart homogenates displayed a strong iNOS band of approximately 130 kDa
using anti-iNOS antibody ab3523 (Fig. 5C); isolated liver mitochondria (Fig. 5B,C) and
liver mitochondrial membranes (Fig 5A) also showed similar iNOS bands using ab3523
(Fig. 5A-C); however, the iNOS band was absent in heart mitochondrial membranes, and
also in isolated mitochondria, even after prior LPS treatment (Fig. 5A-C). Neither the anti-
nNOS antibody C7D7 nor the anti-eNOS antibody D9A5L demonstrated antigen specificity
in these preparations (western blots not shown).

Whole-heart homogenates again displayed strong iNOS bands at approximately 130 kDa
using either anti-iNOS antibody ab136918 or SC-7271, whereas iNOS bands were present
(unlike with ab3532 iNOS) but weak in crude mitochondrial preparations from two hearts
(Fig. 6A,B).

Whole-heart homogenates displayed strong iNOS and nNOS bands, when using the anti-
iNOS SC-7271 antibody and the anti-nNOS SC-5302 antibody (Fig. 7 lane 1). In the
cardiac, crude isolated mitochondrial preparations, which did not express p-tubulin but
moderately expressed GM130, the marker of Golgi, and less so SERCAZ2, both iNOS and
nNOS were expressed (Fig. 7 lane 3). In the percoll-purified mitochondrial preparation (Fig.
7 lane 2), there were no antibody reactions to calnexin, SERCA2, or GM130, suggesting the
absence of MAM in this mitochondrial preparation. Tested on the same samples, the same
antibodies against INOS (SC-7271) and nNOS (SC-5302) showed a positive band for iNOS
but not for nNOS. However, a positive band of approximately 110 kDa was observed, which
could be a fragment or variant of nNOS. Together, these results suggested that iNOS is
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within cardiac mitochondria and nNOS is associated closely with, but not within or on,
cardiac mitochondria.

Immuno-electron microscopy to localize iINOS and nNOS isoforms in cardiac

mitochondria

Anti-iNOS, nNOS, and eNOS antibodies, ab136918, C7D7, and DOASL, respectively, were
conjugated to immuno-gold and used to determine if these NOS isoforms were localized in
guinea pig heart tissue and cardiomyocyte mitochondria. The IEM photomicrographs
demonstrated the presence of nNOS in or near mitochondria of heart tissue cells (Fig. 8A)
and iNOS in or near mitochondria of heart tissue cells (Fig. 8B,C) and for iNOS in an
isolated myocyte mitochondrion (Fig. 8D). The anti-eNOS antibody revealed no immuno-
gold granules in isolated mitochondria (IEM graphs not shown).

4. Discussion

4.1.

The main goals of this project were: 1) to assess the effects of inducing mitochondrial
oxidant stress by adding excess CaCl, before adding succinate to alter A¥,, for inducing
H»0, generation in cardiac isolated mitochondria; 2) to measure ONOO™ production as a
marker of NO* release with O,*~ in cardiac isolated mitochondria undergoing oxidative
stress induced by adding CaCl, and succinate in the presence and absence of drugs that
modulate ROS/RNS levels or mitochondrial function; 3) to identify the location and
isoforms of any cardiac mtNOS by western blotting and IEM; and 4) to compare guinea pig
cardiac and liver mitochondria for iNOS expression. Here we report the functional activity
of a mtNOS, which could be variant of cytosolic iINOS, and a Ca?*-inducible nNOS that
may be a component of the MAM, that are individually or together responsible for the
baseline presence and observed changes in levels of of the NO® + O,*~ product ONOO™ in
isolated mitochondria. We found no evidence for the presence of eNOS in cardiomyocyte
mitochondria.

Functional data supporting mitochondrial NOS

We investigated first the functional effects of inducing mitochondrial stress on changing
AY, and increasing H,0, production, based on the mtCa?* uptake and accumulation of
succinate known to occur during authentic IR injury, and on restoration of AY,,, which can
lead to increased ROS emission via complex | [53]. Indeed, RET leading to generation of
O, at complex | is dependent on a strong AY,, [30]. We observed that AY,, depolarized
during CaCl, loading; this is due to the large influx of Ca2* ions that overrides H* pumping
by the ETC Complexes during forward electron transfer. We previously reported that this is
accompanied by oxidation of NADH [65] indicating decreased complex | activity.
Afterward, addition of succinate repolarized AY y,, to near baseline; this is likely due to RET
to complex I. RET causes reduction of NAD* to NADH and electron leak at complex I,
which reduces O, to O,*~ [66,67]. Our protocol to induce mitochondrial ROS is in part
based on our prior report [68], in which we found (reference Figs. 1,3) that succinate, but not
pyruvate, when given after 80 pM CacCly, enhanced the rate of H,O, generation, repolarized
AY ., and restored the NADH level after they had been diminished by adding CaCl,.
Importantly, in the present report we found that during the succinate-mediated repolarization
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phase, ONOO™ levels increased along with the rate of H,O, generation (derived from O,™)
(Figs. 2-4). This supports the notion that mtNOS activity, presumably induced by the high
mtCa2* coupled with the enhanced generation of O, after succinate, is due to A¥,
repolarization and RET as the cause for increased ONOO™ production [20]. Inhibition of
complex | by rotenone reduced H,O» production dramatically, but rotenone-treated
mitochondria were still able to maintain a polarized AY ,, when energized with succinate
(Fig. 1). However, pre-treatment with complex 111 blocker antimycin A prevented
mitochondria from repolarizing with the addition of succinate. It is known that complex Ill
inhibition with subsequent prevention of forward electron transfer via ETC causes electron
leak and O,*~ generation with loss of the H* gradient and inhibition of ATP synthesis [69].
Thus, mitochondrial NOS activity and ROS/RNS production during induced mitochondrial
stress, like authentic IR injury, is a A¥ ,-dependent processes.

We assessed the contribution of altering mtNOS activity on H,O, generation (Fig. 2) using
the same oxidative stress conditions and pre-treatments for assessing ONOO™ production
(Figs. 3,4). Mitochondria exposed to excess CaCl, did not demonstrate increased rates of
H,0, generation until succinate was added, which supports our assertion that mitochondrial
stress, like cardiac IR injury [22,53], enhances mitochondrial O,*~ generation. Pre-treatment
with NOS inhibitors L-NAME and L-NNA before adding mitochondria most-notably
demonstrated, paradoxically, menadione-inhibited H,O, generation. One might expect that
decreased NO* synthesis and the subsequent decrease in ONOO™ production would result in
greater conversion of O,"~ to HyO5. However, inhibition of NOS can also result in decreased
O,°~ generation, as all isoforms of NOS can alternatively generate O,*~ rather than NO®
under mostly pathological conditions [70]. Our data support this assertion as shown by a
reduction in H,O, generation during NOS inhibition. Additionally, the SOD mimetic
TEMPOL [54] greatly increased H,O, production during the induced stress; this verifies its
SOD mimetic activity. Furthermore, pre-treatment with the complex | blocker rotenone
demonstrated a markedly reduced rate of H,O, production (Fig. 2), which suggests that ETC
complex I plays a crucial role in ROS/RNS generation during mitochondrial stress [22].
Thus mitochondrial NOS plays a crucial role in the regulation of mitochondrial ROS/RNS
production during induced stress by way of NO® synthesis, either within mitochondria or
from nearby sources, and O,"~ generation, primarily by mitochondrial ETC complex I in
these experiments.

Assuming NO* is generated along with O,"~ in isolated mitochondria, we assessed ONOO™
production by measuring diTyr in the unpurified mitochondrial preparation as an indirect
marker of NO® generation dependent on concomitant O, generation. Mitochondrial ONOO™
production is dependent on mitochondrial O,"~ generation. We have shown that
mitochondrial VDAC is nitrated by ONOO™ after IR injury in isolated hearts by evidence for
tyrosine nitration of VDAC using anti-tyrosine antibody in isolated mitochondria [27,71]. In
our isolated mitochondria experiments described here, the NO* component, due to its high
membrane solubility, could have been derived from a soluble iNOS or nNOS located within
the MAM, the IMM, or in the mitochondrial matrix. Mitochondria placed in buffer not
containing the NOS inhibitors or ROS/RNS scavengers had higher basal levels of ONOO™,
indicating a greater presence of NO*® (Fig. 3A, B). Mitochondria exposed to excess CaCl,
first and then succinate (Fig. 4A) produced a higher level of ONOO™ than at baseline, and
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additional exposure to the redox cycler menadione (Fig. 4B) induced even greater levels of
ONOO™. Mitochondria incubated with either NOS inhibitors, L-NAME or L-NNA,
exhibited significant reductions in both CaCl, + succinate-mediated (Fig. 4A) and
menadione-mediated (Fig. 4B) ONOO™ production. NOS inhibition by L-NAME or L-NNA
was more effective at reducing ONOQO™ than by hastening the conversion of O, to H,O5 by
TEMPOL or by scavenging NO* by PTIO. This may be due to the relatively high rate of
reaction and short lifespan of NO® in the presence of O, [45].

Overall, these functional results indicate that mitochondria, per se, play a crucial role in the
processing of NO* (assessed by ONOQO™) during mitochondrial stress. Because L-NAME
and L-NNA inhibited ONOO™ production, this indicated that NOS was the source of NO*
activity in the mitochondria. Chronic, oral administration of L-NAME to rats was reported to
result in compensatory induction of iNOS in intestinal tissue [72]. The higher concentrations
of TEMPOL and PTIO point to O,"~ and NO* as the precursors of ONOO™.

4.2. Expression of mtNOS isoforms in cardiomyocyte mitochondria

Based on our functional studies indicating the presence of NO® in crude isolated
mitochondrial preparations, we sought to localize NOS in cardiomyocytes and in cardiac
isolated mitochondrial preparations via western blot analysis and IEM. In general, whole-
heart tissue cross-reacted strongly with anti-iNOS specific primary antibodies, whereas
isolated cardiac mitochondria samples clearly cross-reacted with two anti-iNOS antibodies,
SC-7271 and ab136198 (Fig. 6), but cross-reacted very weakly with the anti-iNOS antibody
ab3523 (Fig. 5). In non-purified mitochondria, there was no reactivity at all with the anti-
eNOS antibody D9AS5L and the anti-nNOS antibody C7D7, but there was reactivity with the
anti-nNOS antibody SC-5302 (Fig. 7). In comparison, guinea pig liver mitochondria were
strongly positive for the anti-iNOS antibody ab3523. This corroborates a prior study [39]
reporting iINOS in liver mitochondria using ab3523, and supports the utility of using the
various antibodies in the present study.

To assess for mitochondrial purity, mitochondrial samples were simultaneously probed with
the cytosol-specific antibody anti-B-tubulin [2,28]. The cytosol-specific p-tubulin band was
present in the whole-heart samples but was not present in the non-purified or purified
mitochondrial samples, which indicates these mitochondrial preparations were largely free
from contamination by cytosolic proteins. When we tested for iNOS in unpurified cardiac
mitochondrial preparations using ab136198 and SC-7271 antibodies, we could detect iINOS
bands. Our results indicate that total cardiac tissue as well as unpurified mitochondria
expressed iNOS and nNOS isoforms; iINOS was also present in the cardiac IMM fraction.
Purified mitochondria, however, only weakly expressed iNOS with questionable expression
of an nNOS iso-form. This is in contrast to liver mitochondria which highly expressed iNOS
in the IMM fraction.

Thus, despite fractionation and purification techniques to isolate only mitochondrial protein,
it remained possible there was contamination by non-mitochondrial particles containing
iNOS and nNOS. For example, nNOS has been shown to be expressed in the SR [15], a
component of the MAM [13]. To assess mitochondrial purity, we repeated iNOS and nNOS
western blots in percoll-purified mitochondrial fractions along with antibodies to calnexin,
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SERCAZ2, and GM130. Neither Golgi or SR proteins were evidenced but the iNOS band,
although less dense, remained. It is possible that the antibodies we used for iNOS may not
have been specific enough for the mitochondrial isoform variant. Even though a band for
nNOS at approximately 150 kDa was not evident in purified mitochondria, a band of
approximately 110 kDa was observed, which could be a mitochondrial variant. A 130 kDa
nNOS variant has been found to associate with the cardiac myocyte SERCA [16], so we
presume that the nNOS we observed in our mitochondrial preparations could be a MAM
component.

IEM assessment of the location of immuno-gold particles tagged to anti-iNOS and anti-
nNOS antibodies in whole-heart tissue and in mitochondria isolated from cardiomyocytes
support the western blot data. Using IEM, there was firm evidence for iNOS in both cardiac
tissue mitochondria and in the unpurified cardiomyocyte mitochondrial preparations; for
nNOS, the evidence was not firm. This observation supports the presence of iNOS as a
mtNOS in guinea pig cardiac mitochondria that may be neither well expressed or inducible
and which may show weak specificity for several of the antibodies utilized.

In summary, this work provides new functional data supporting the activity of a mtNOS in
cardiac mitochondria. We found that during mitochondrial oxidative stress, NOS plays a
crucial role in regulating mitochondrial function via mitochondrial NO* synthesis, ONOO™
production, O,*~ generation, complex | and 111 activity, Ca?* homeostasis, and maintenance
of a polarized AY ,,. Factors that might induce mtNOS in the heart are unclear, but
mitochondrial oxidative stress, is accompanied by mitochondrial NO* release. The mtNOS
found resembles iNOS, but there may also exist an nNOS variant located in the MAM of
mitochondrial preparations from guinea pig hearts. These functional experiments, coupled
with the anti-NOS antibody experiments, support other cited reports that suggest there are
one or more functional mtNOS isoforms within or near mitochondria in isolated cardiac
mitochondrial preparations. This may be the first report on the existence of a mitochondrial
iNOS variant in cardiac muscle cells.
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Highlights:
. Cardiac isolated mitochondria produce and release ONOO™, a product of O,
and NO".
. 05" is generated by complex | during oxidative stress induced by excess
CaCl, and succinate.
. NO® is generated within or near isolated mitochondria.
. During oxidative stress mitochondrial ONOO™ levels are modulated by O,*~

and NO".

. Mitochondrial NOS is likely a variant of a non-inducible iNOS, but a nNOS
may also contribute.
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Changes in mitochondrial membrane potential
Ca?* before succinate

=—=succinate before Ca2*
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menadione T

|
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CaCl, T

T succinate
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Time-dependent changes in rhodamine 123 fluorescence (excitation A503 nm; emission
A527 nm), as an indicator of membrane potential (AY ) in guinea pig isolated mitochondria
undergoing stress induced by: CaCl, (75 uM) added at 90 s and Na-succinate (10 mM)
added at 140 s (CaCl, + succinate); Na-Succinate (10 mM) added first at 90 s and CaCl, (75
UM) added at 150 s (succinate + CaCl, ) did not depolarize A¥'m. Pretreatments of vehicle,
rotenone (10 pM), antimycin A (5 pM) and rotenone + antimycin A were added to the buffer
before adding mitochondria and exposure to CaCl, and succinate. Tracings shown were
similar in mitochondria isolated from two other guinea pig hearts.
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Time-dependent changes in amplex red fluorescence (excitation 1530 nm; emission 1583

nm) as an indicator of H,O, production. Mitochondria were suspended in buffer D

containing Amplex red (12.5 uM) and horseradish peroxidase (0.1 U/mL) in the presence of
CaCly (75 uM added at 90 s with 40 uM EGTA), Na-succinate (10 mM added at 140 s), and
menadione (10 uM added at 270 s). L-NAME and L-NNA (10 mM), TEMPOL (2.5 mM),
PTIO (100 uM and 500 pM), and the complex | blocker rotenone (10 uM) were also added

to buffer D before the addition of mitochondria. Tracings shown were similar in

mitochondria isolated from two other guinea pig hearts.
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A. Sample traces of time-dependent changes in dityrosine (diTyr) fluorescence (excitation
A322 nm; emission A422 nm) as an indicator of ONOO™ production in guinea pig isolated
cardiac mitochondria stressed with CaCl, + succinate. Mitochondria (0.5 mg/mL) were
suspended in buffer E containing 0.5 mM L-tyrosine (buffer D) in the presence of CaCl, (75
UM added at 90 s; with 40 uM EGTA), Na-succinate (10 mM added at 140 s), and the redox
cycler menadione (10 uM added at 250 s). NOS inhibitors L-NAME and L-NNA (10 mM),
the SOD mimetic TEMPOL (2.5 and 10 mM), and the global NO* scavenger PTIO (100 uM
and 500 pM), were added to the buffer before the addition of mitochondria. B. Summary of
the mean (zSEM) baseline ONOO™ concentrations after treatments but before (at 60 s)
CaCly+succinate or addition of menadione. The presence of drugs added to the buffer before

adding mitochondria reduced baseline [ONOQO™] compared to Control (no treatment).

[ONOO™] was calibrated over a range of 1-300 uM (y = 92.965x — 270.2; R2 = 0.98). For all
treatments n=6 guinea pig hearts. For treatments vs. no treatment (Control): * £< 0.05; ** P
< 0.005; *** P<0.001.
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Fig. 4.

A. Summary of the mean (xSEM) changes in ONOO™ concentration (uM) from baseline
(A[ONOQT]) after inducing stress (CaCl, + succinate) but before (at 240 s) adding 10 uM
menadione. B. Summary of the mean (xSEM) changes in ONOO™ concentration (uUM) from
baseline (A[ONOOQO™]) after stress (CaCl,+succinate) and after adding (at 350 s) 10 uM
menadione. For all treatments n=6 guinea pig hearts. For induced stress plus treatments vs.
induced stress alone: * £<0.05; ** P<.005; *** £<0.001.
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Fig. 5.

Western blots of guinea pig total cardiac tissue, purified cardiac and liver mitochondria, and
mitochondrial membrane (mito memb) with anti-iINOS specific primary antibody ab3523
(abcam). B-tubulin was used to assess purity of isolated mitochondria; VDAC1 was used to
monitor mitochondria content. iNOS was faintly detectable in IMM (A), undetectable in
isolated cardiac mitochondria (B,C), but strongly detectable in total heart tissue (C). Prior
treatment of guinea pigs with lipopolysaccharide (LPS) did not appear to enhance band
density of iINOS in heart mitochondria (A,B). Mito indicates mitochondria isolated from two
hearts.
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Fig. 6.
Western blots of guinea pig total heart tissue and isolated cardiac mitochondria. The two

blots show level of iNOS in total heart and isolated mitochondria (mito-p-tubulin free),
respectively, using iINOS antibodies different from those used in Fig. 5. VDAC1 was used to
monitor mitochondrial content.

VDAC1
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Western blots of guinea pig total heart tissue, unpurified (crude), and percoll-gradient

Page 27

purified isolated cardiac mitochondria. Blots show levels of total heart iINOS and nNOS.
However, purified isolated mitochondria (mito-p-tubulin, calnexin, SERCA2, and GM130
free), displayed only a low level of iINOS and absence of nNOS at approximately 150 kDa
suggesting the unpurified, crude mitochondrial preparation could contain Golgi and SR

attached MAM. VDAC1 was used to monitor mitochondria content.
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Anti-mtNOS immuno-gold electron micrographs
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Fig. 8.
Immuno-electron microscopic (IEM) detection of NOS in mitochondrial preparations of

guinea pig heart tissue and isolated cardiomyocytes. IEM graphs show presence of nNOS
near or in mitochondria of heart tissue (A), presence of iNOS near or in heart tissue
mitochondria (B,C), and presence of iNOS in one mitochondrion in a cardiomyocyte
preparation (D).
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