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Abstract

The aim of this study was to investigate the effect of oxidative stress on mitochondrial phospholipids. In this context, this
study investigated (i) the content of phosphatidylethanolamine (PE), phosphatidylcholine (PC) and cardiolipin (CL), (ii)
the correlation of CL degradation with mitochondrial function and (iii) the correlation of CL degradation and CL oxidation.
Oxidative stress induced by iron/ascorbate caused a dramatic decrease of these phospholipids, in which CL was the most sen-
sitive phospholipid. Even moderate oxidative stress by hypoxia/reoxygenation caused a decrease in CL that was parallelled
by a decrease in active respiration of isolated rat heart mitochondria. The relation between oxidative stress, CL degradation
and CL oxidation was studied by in vitro treatment of commercially available CL with superoxide anion radicals and H,0,,.
The degradation of CL was mediated by H,0, and required the presence of cytochrome c. Other peroxidases such as horse
radish peroxidase and glutathione peroxidase had no effect. Cytochrome c¢ in the presence of H,O, caused CL oxidation.
The data demonstrate that oxidative stress may cause degradation of phospholipids by oxidation, in particular CL; resulting

in mitochondrial dysfunction.
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Introduction

Imbalance between generation of reactive oxygen
species (ROS) and their elimination that results in
high ROS concentrations is the reason for oxidative
modification of proteins, DNA molecules and lipids
[1]. This oxidative stress may lead to structural and
functional impairment of cells and even to necrotic or
apoptotic cell death [2]. In particular, phospholipids
are considered to be vulnerable to oxidative stress due
to their unsaturated fatty acid residues [3,4]. PC, PE
and CL are the most abundant lipid components of
mitochondrial membranes [5]. As constituents of the
mitochondrial membrane system, PC and PE are
important for the physiologically intact membrane
structure and additionally they support mitochondrial
function. CL is a mitochondrial phospholipid mainly
located in the mitochondrial inner membrane that
is required for the function of several mitochondrial

enzymes such as respiratory chain complexes and
adenine nucleotide translocase [6—10]. It had been
demonstrated that abnormalities in CL content
and composition are associated with mitochondrial
dysfunction [11,12].

This study aims to elucidate the effect of oxidative
stress on the phospholipids PE, PC and CL in isolated
mitochondria. Strong oxidative stress was induced by
iron/ascorbate. Mild oxidative stress was initiated by
hypoxia/reoxygenation. Under these conditions the
phospholipid content was determined. Additionally,
the relation between phospholipid degradation and
mitochondrial function was investigated in isolated
heart mitochondria exposed to hypoxia/reoxygenation.
To study CL oxidation, commercial CL. was exposed
to H,0, or to superoxide anion radicals in vitro.

The content of PE, PC and CL was determined
by using HPL.C-analysis. In the iz vitro experiments
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with commercially available CL, the content of main
CL molecular species and the amount of oxidized CL.
were determined by LLC-mass spectroscopy.

Materials and methods
Isolation of mitochondria

Rat brain mitochondria were prepared from the brains
of 220-240 g male Wistar rats in ice-cold medium
containing 250 mM mannitol, 20 mM Tris, 1 mM
EGTA, 1 mM EDTA and 0.3% (w/v) bovine serum
albumin (BSA) at pH 7.4 (isolation medium) accord-
ing to Lay and Clark [13]. The mitochondria were
well-coupled, as indicated by a respiratory control
index greater than 4 with glutamate plus malate as
substrates. Protein content was measured according
to the method of Lowry et al. [14].

Rat heart mitochondria were prepared in a medium
containing 150 mM KCI and 10 mM EDTA at pH
7.4, in detail described by Schaller et al. [15]. Protein
content was measured according to the method of
Bradford [16] by using BSA as the standard.

Incubation of mitochondria

Iron/ascorbate-induced  peroxidation.  Rat  brain
mitochondria (1 mg/ml) were incubated up to
75 min in air atmosphere in a medium containing
0.1 M KCl, 0.01 M TRIS, 50 uM iron II-sulphate
and 500 UM ascorbate (pH 7.4) at 25°C. Aliquots
were withdrawn after distinct time intervals for the
analysis of thiobarbituric acid-reactive substances
(TBARS) and phospholipids. The content of TBARS
was determined by HPLC/UV detection in principle
according to Jentzsch et al. [17].The rest of the sample
was stored at —80°C until phospholipid analysis by
HPLC.

Hypoxialreoxygenarion. Rat heart mitochondria
(2.6 mg protein/ml) were incubated in a medium
containing 10 mM KH,PO,, 0.5 mM EGTA, 60 mM
KCl, 60 mM TRIS, 110 mM mannitol, and 1 mM
free Mg?* (pH 7.4) at 30°C.

Extramitochondrial Ca?* concentration was
adjusted by using Ca?*/EGTA buffers. Hypoxia
was achieved by bubbling 2 ml of the incubation
medium with N, until oxygen was not detectable
by means of a Clark-electrode. A volume of 2 ml
of air-saturated incubation medium was added for
reoxygenation.

Measurement of respiration

Oxygen uptake of mitochondria was measured at
30°C in a thermostat-controlled chamber equipped
with a Clark-type electrode. For the calibration

of the oxygen electrode, the oxygen content of the
air-saturated incubation medium was taken to be
217 nmol O,/ml [18].

Phospholipid extraction and HPLC analysis

Phospholipids were extracted from the incubations
with iron/ascorbate-induced lipid peroxidation in rat
brain mitochondria by a modified method of Folch
et al. [19]. To a sample of 1 ml volume, 14 ml chlo-
roform and 7 ml methanol (v/v) containing 0.05%
butylated hydroxytoluene (BHT) were added and
intensively mixed. For phase separation, 4.4 ml 0.01
M HCI were added, followed by intensive shaking.
Phase separation was completed by centrifugation at
500 x g for 5 min. The upper aqueous phase and the
protein layer below were carefully removed. The phos-
pholipid containing lower phase was collected, dried
under argon atmosphere and dissolved in chloroform/
methanol 2:1 (v/v). HPLC analysis of phospolipids
was performed as described by Shafig-ur-Rehman
[20]. Samples of 90 ul volume were injected in an
HPLC system (Fa. Merck, Darmstadt, Germany)
consisting of an autosampler AS-2000A, a column
LiChrospher Si60 (250 X 4 mm, particle diameter
5 um), a column oven 1.-5025 (30°C), an HPLC
pump L 6200 and a detector 1.-4250 UV-VIS. An iso-
cratic elution (acetonitrile/methanol/85% phosphoric
acid: 90:36:0.36 (v/v/v)) and a flow rate of 1.5 ml/min
were used for separation. Absorption was analysed at
204 nm.

Quantification of cardiolipin species by HPLC with
fluorescence detection

CL species were analysed as described by Schlame
et al. [21]. Tetra-stearoyl-CL, the internal standard,
was generated by complete hydrogenation of com-
mercial heart bovine CL (Sigma-Aldrich, St. Louis,
MO). In a first step, lipids were extracted from cells
according to Bligh and Dyer [22]. Afterwards, the
lipid samples were treated with diazomethane for
derivatization and then labelled with 1-naphtylacetic
anhydride (dissolved in anhydrous pyridine) for
HPLC fluorescence detection. After solid phase
extraction with Supelclean columns (Supelco LC/Si
SPE; Bellefonte, PA, USA), CL-containing samples
were dried, re-dissolved in n-hexane-ethanol 1:1
(v/v) and separated by HPLC using a LiChroCart
Supersphere column (250 X 4 mm, 4 um; Darmstadt,
Germany). A solvent gradient was used starting from
acetonitrile-2-propanol 8:2 (v/v) to acetonitrile-2-
propanol 5:5 (v/v) to run separation within 50 min.
The HPLC device was a Waters system (Waters
Chromatography Division, Milford, MA) consisting
of a 616 pump (total flow rate 1.0 ml/min), a 600 S
controller, a 717plus Autosampler and a 2475 Multi 1
fluorescence detector (excitation wavelength 280 nm,
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emission wavelength 360 nm). Data were collected
and processed by the Waters Millennium 32 Software.
Three cardiolipin peaks representing three different
molecular species (C18:2),-CL, (C18:2),C18:1-CL
and (C18:2),(C18:1),-CL were analysed. The sum
of the areas of the three CL peaks was used for CL
quantification. The fourth peak under consideration
was created by the internal standard, a hydrogenated
CL that does not occur in nature. The CL concentra-
tions were calculated in reference to the internal stan-
dard. The recovery of CL after sample preparation
was 78% (n = 6), as estimated from the phosphate
content of the samples [23].

Incubations of commercially available CL

Cardiolipin (5 ug/ml, Sigma-Aldrich, St. Louis, MO)
was incubated either in 1 ml PBS or in 1 ml xanthine-
buffer in the presence of various additional constitu-
ents for a time interval of 15 min at 30°C. Afterwards,
samples were shock-frozen in liquid nitrogen and
stored at —80°C until analysis. The xanthine-buffer
contained 50 mM KH,PO, (pH 7.8), 0.1 mM EDTA
and 50 uM xanthine. The additions were: 500 uM
H,0,, 500 uM H,O, plus 100 mU horse radish
peroxidase (Sigma/Aldrich, Taufkirchen, Germany),
500 uM H,O, plus 100 mU glutathione peroxidase
(Sigma/Aldrich, Taufkirchen, Germany) and 500
UM H,O, plus 5 mM cytochrome ¢ (Boehringer,
Ingelheim, Germany). In another set of incubations,
10 mU xanthine oxidase (Calbiochem, Schwalbach,
Germany) was added to the xanthine-buffer.

Generation of CL-liposomes

A stock suspension of CL liposomes was prepared
by sonification of 50 ug dried CL in 9250 ul PBS.
Sonification was carried out in three time intervals of
10 s with 10% of maximal energy (Sonoplus MS72,
Badelin, Berlin, Germany). In the incubations 5 ug
CL/ml was used.

Quantification of cardiolipin species and oxidized
cardiolipin by ESI-MS/MS

Extraction

CL was extracted from the samples by a modified
Folch extraction procedure [19]. Briefly, 50 ng of
tetra-myristoyl-CL.  [(C14:0)4-CL; Avanti Polar
Lipids, Inc., alabaster, AL] were added as the inter-
nal standard to 10 ul incubation mixture containing
bovine heart CL in CHCl,/CH,OH (2:1, v/v), 0.05%
BHT as antioxidant and further additions outlined
in the legends of the figures and tables. Aqueous
and lipid phases were separated by adding 0.01 M
HCL followed by intensive shaking and subsequent
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centrifugation. The lower lipid phase was collected,
dried under nitrogen atmosphere and acidified as
described by Schlame et al. [21]. Ice-cold methanol
(1 ml), chloroform (0.5 ml) and 0.1 M HCI (0.5 ml)
were added to the sample. The solution was intensively
mixed and incubated for 5 min on ice. Phase separa-
tion was achieved by addition of 0.5 ml of CHCI,
and 0.5 ml of 0.1 M HCI. The chloroform phase
was recovered as CL-containing sample. Finally, the
sample was dried under nitrogen, dissolved in 1.5
ml CHCI,/CH,OH/H,O (50/45/5, v/v/v), mixed and
filtered over 0.2 um PTFE membranes. This sam-
ple was ready for immediate ESI-MS/MS analysis
according to Valianpour et al. [24].

HPLC-MS/MS. A TSQ Quantum Discovery Max
(Thermo Fisher Scientific GmbH, Dreieich, Ger-
many) was used in the negative electrospray ioniza-
tion (ESI) mode. The HPLC system consisted of
a Surveyor MS quaternary narrowbore pump with
integrated vacuum degasser and a Surveyor au-
tosampler. The autosampler tray temperature was
maintained at 8°C; 10 ul of the lipid extract dissolved
in chloroform/methanol/water (50/45/5) was injected
(in partial loop mode) and CL was separated by using
a LiChroCart column (125 X 2 mm), LiChrospher
Si60 (5 um particle diameter; Merck, Darmstadt,
Germany) and a linear gradient between solution
A (chloroform) and solution B (methanol/water,
9:1 (v/v)). Both solutions additionally contained
0.1 ml/1 of 25% aqueous ammonia. The gradient was
as follows: 0—0.2 min, 92% A, 8% B, 0.2-4.5 min,
92% A to 30% A and 8% B to 70% B, 4.5-6 min,
30% A, 70% B, 6-6.5 min 30% A to 92% A, 70%
B to 8% B, 6.5-11 min, 92% A, 8% B. The flow rate
was 300 pl/min.

The total time of analysis was 11 min. The eluate
between 0.3—-6 min was introduced into the mass
spectrometer. Nitrogen was used as the nebulizing
gas and argon was used as the collision gas at a pres-
sure of 1.5 mTorr. The spray voltage was 3.5 kV, the
ion source capillary temperature was set at 375°C
and the cone-voltage was 30 V. Daughter fragments
from the doubly charged parents derived from
(C18:2),-CL with m/z (mass to charge ratio) 723.6
((M—2H)?7/2), (C18:2),C18:1-CL with m/z 724.6
and (C18:2),(C18:1),-CL with m/z 725.6 were
obtained using a collision energy of 36 eV. These
three molecular CL species and the internal standard
(m/z 619.6) were analysed by mass transfer reac-
tion monitoring their doubly charged ions and their
respective fatty acids linoleic acid m/z 279.2 and
myristic acid m/z 227.2 using the selected reaction
monitoring (SRM) mode. In Figure 1A a parent scan
is shown of m/z 279.2, representing linoleate derived
from CL, as proofed by the corresponding daughter
scan of m/z 723.5. Figure 1B shows the daughter scan
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Figure 1. Mass spectrum of commercially available CL. The mass spectrum was obtained following loop injection of CL. Different
molecular species are shown. (A) parent scan for m/z 279.2. The peak at m/z 723.5 belongs to (C18:2),-CL. The peak at m/z 724.61
corresponds to (C18:2),C18:1-CL and to the second isotope peak of (C18:2),-CL with m/z 723.5. The peak at m/z 725.42 corresponds
to (C18:2),(C18:1),-CL and to the second isotope peak of (C18:2),C18:1-CL with m/z 724.61. The peak at m/z 723.97 belongs to the
first isotope of (C18:2),-CL and the peak at m/z 724.99 represents the first isotope of (C18:2),C18:1-CL. (B) The daughter scan of
m/z 724.61 (C18:2),C18:1-CL is shown. The peak at m/z 279.03 belongs to C18:2 (linoleate) and the peak at m/z 281.04 to

C18:1 (oleate).

of m/z 724.6 corresponding to (C18:2),C18:1-CL of
the commercially available CL.

[(C18:2),-monohydroxylinoleic acid-CL] as oxi-
dized CL species was measured in the SRM mode
as a transition from m/z 731.6 to m/z 279.2 (linoleic
acid) according to Pope et al. [25]. In Figure 2
the chromatograms of non-oxidized (A) and oxidized
CL (B) containing the mass areas (MA) for the
comparison of content are shown.

Statistics

Data are presented as mean = SEM. Details of the
statistical analysis are outlined in the legends of the
table and the figures.

Results

Effect of iron/ascorbate-induced lipid peroxidation on the
content of phospholipids in isolated mitochondria

To study the effect of oxidative stress within a bio-
logical system on the content of native phospholipids,
we subjected isolated rat brain mitochondria to iron
and ascorbate. In the presence of oxygen, iron and
ascorbate, mitochondria generate reactive oxygen
species, as iron-oxygen intermediates or the reactive
hydroxyl radical which oxidize mitochondrial lipids.
Under this condition a lag phase is followed by a mas-
sive increase in products of lipid peroxidation (usually
measured as thiobarbituric acid reactive substances).
Finally, plateau levels of thiobarbituric acid reactive
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Figure 2. ESI-MS/MS chromatogram of non-oxidized and oxidized CL following HPLC elution. CL (5 pug/ml) was incubated for
15 min at 30°C with no additions (non-oxidized control) or with 500 uM H,O, plus 5 mM cytochrome c. (C18:2),-CL was measured
in the SRM mode as the transition from m/z 723.5 to m/z 279.2 (linoleic acid) (A). (C18:2),-monohydroxylinoleic acid-CL as oxidized
CL species was measured in the SRM mode as the transition from m/z 731.6 to m/z 279.2 (linoleic acid) (B). For the comparison of the

content the peak area (MA) is given.

substances are reached [26]. Here, we analysed the
content of CL, PE and PC in isolated mitochondria
incubated in the presence of iron and ascorbate in
dependence on the incubation time. Data of phos-
pholipid concentrations represented in percentage of
initial values from four mitochondrial preparations
are depicted as mean £ SEM in Figure 3A. The ini-
tial concentrations in nmol/mg mitochondrial protein
were 4.51 £+ 0.75, 42.37 + 1.83 and 39.59 + 4.40
(n = 4) for CL, PE and PC, respectively. It can be

seen that CL was faster degraded than PE and
PC. The individual values of phospolipid concentra-
tions at distinct incubation times considerably varied
between the preparations. However, each experiment
revealed that CL was degraded much faster than PE
and PC. Therefore, we determined the time at which
half of the respective phospholipid had disappeared
as a parameter of degradation kinetics. Correspond-
ing data of the four experiments are summarized in
Figure 3B. The graph shows that CL was significantly
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Figure 3. Effect of oxidative stress on the content of
phosphatidylcholine (PC), phosphatidylethanolamine (PE) and
cardiolipin (CL) in isolated rat brain mitochondria. Brain
mitochondria (1 mg mitochondrial protein/ml) were incubated in
the corresponding incubation medium in the additional presence
of 50 uM iron II-sulphate and 500 uM ascorbate at 25°C. At the
indicated times samples were withdrawn for phospholipid analysis.
The initial values were in nmol/mg mitochondrial protein 4.51 +
0.75,42.37 £ 1.83 and 39.59 £ 4.40 (n = 4) for CL, PE and PC,
respectively. (A): time dependency of the phospholipid contents of
four mitochondrial preparations. Data are presented as mean +
SEM. (B): time at half maximal phospholipid content of PC, PE
and CL. Data are presented as mean + SEM (n = 4). *Difference
to CL was significant with p < 0.025 in matched-pair z-tests
(Bonferoni correction for two group comparison).

faster degraded compared to PE and PC, which
behaved similarly.

Effect of hypoxialreoxygenation and elevated
extramitochodrial Ca®* concentration on
mitochondrial function and CL content

Since CL was the most sensitive phospholipid, we
focused our attention on this species. CL is an exclu-
sive mitochondrial phospholipid that is closely linked
to oxidative phosphorylation. It had been shown that
decrease in CL content is associated with mitochon-
drial dysfunction [12]. To test whether mild oxidative
stress affects mitochondrial CL content, we exposed

60 +
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0 0.9 1.8
Ca®* concentration (uM)

Figure 4. Effect of hypoxia/reoxygenation and Ca2* on active
respiration of isolated heart mitochondria. Functionally intact rat
heart mitochondria were incubated in the absence or presence of
exogenous low micromolecular Ca%* concentrations and exposed
to 10 min hypoxia plus 5 min reoxygenation. Oxygen consumption
was determined after addition of 5 mM glutamate plus 5 mM
malate as substrates and 200 pM ADP to stimulate active
respiration. Data are given as percentage of initial (36.9 £ 1.3 nmol
O,/min/mg mitochondrial protein). They are presented as mean *
SEM (n = 7). "Difference was significant with p < 0.025 in
matched-pair -tests (Bonferoni correction for two group
comparison).

isolated rat heart mitochondria to 10 min hypoxia
and 5 min reoxygenation in the absence or in the
presence of low micromolar Ca®* concentration. This
approach mimics main components of ischemia/
reperfusion that occur for instance during heart
attack. Mitochondrial function was quantified by
determining the active respiration. For this purpose,
oxygen consumption was determined after 5 mM
glutamate plus 5 mM malate had been added to the
incubation medium as substrates and 200 UM ADP to
stimulate active respiration. In the absence of hypoxia/
reoxygenation and Ca?' in the incubation medium
the rate of respiration was 36.9 + 1.3 nmol O,/min/mg
mitochondrial protein (initial respiration). The data
of active respiration determined after 10 min hypoxia
and 5 min reoxygenation are presented in Figure 4.
Hypoxia/reoxygenation caused a drastic decrease in
active respiration down to 49.8 + 0.1% of initial. At
the extramitochondrial Ca?* concentration of 0.9 UM,
mitochondria were partially protected from hypoxia/
reoxygenation-induced injury (56.97 + 2.07% of
initial). This protective effect disappeared at the
higher Ca?* concentration of 1.8 uM.

In parallel, we determined the mitochondrial
content of cardiolipin by HPLC analysis. The cor-
responding data are shown in Figure 5. The loss of
mitochondrial function that was caused by 10 min
hypoxia and 5 min reoxygenation was parallelled
by a dramatic decrease in mitochondrial cardiolipin
content down to 63% of the normoxic control
(from 1.82 to 1.15 arbitrary fluorescence units).
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Figure 5. Effect of hypoxia/reoxygenation and Ca?* on CL
content in isolated heart mitochondria. Isolated rat heart
mitochondria (2.6 mg/ml) were exposed to 10 min hypoxia followed
by 5 min reoxygenation in the presence of 0 uM, 0.9 uM and 1.8
UM Ca?*. Afterwards, samples were withdrawn for HPLC-CL
analysis. For illustration, peak areas of three CL species were
summarized. The CL concentration of the control was 57.1 £ 6.3
nmol/mg mitochondrial protein. Fluorescence intensities of labelled
CL are depicted. The difference between all combinations were
significant with p < 0.05 according to a two-way ANOVA with the
animals as independent variable and the condition as fixed effect
and two-sided Dunnet z-test for the group effect.

The cardiolipin content of untreated controls was
determined to 57.1 £ 6.3 nmol/mg mitochondrial pro-
tein. When mitochondria were subjected to hypoxia/
reoxygenation in the presence of extramitochondrial
Ca?*, a further decrease in cardiolipin content was
provoked in a dose-dependent manner. At 0.9 uM
Ca?*, cardiolipin fell to 24.3% and at 1.8 uM Ca?*
to 6.6% of control. This decrease in CL content
was not accompanied by an adequate decrease in
mitochondrial active respiration. In the presence of
both Ca?* concentrations 0.9 and 1.8 UM, active
respiration did not fall below 45% of untreated
mitochondria (Figure 4).

Effect of H,O, and superoxide anion radicals on
commercially available CL—Role of peroxidases

In the next series of experiments we tested the possi-
bility that under oxidative conditions changes in the
content of CL might be linked to the oxidation of
CL. Therefore, CL extracted from bovine heart was
exposed for 15 min at 30°C to either H,O, or super-
oxide anion radicals. We chose this period of time
since significant degradation was observed in intact
mitochondria under oxidative conditions at this
time span (see Figure 3). According to manufac-
turer information, the fatty acid distribution was as
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Table 1. Effect of H,0O, and superoxide anion radicals on CL
concentration. CL (5 pg/ml) was exposed to 500 uM H, 0, (H,0,),
5 mM cytochrome ¢ (cyt ¢) or the combination of 500 uM H,0,
and 5 mM cytochrome ¢ (H,O, + cyt ¢), 500 uM H,O, plus 100
mU horse radish peroxidase (H,0, + PO) and 500 uM H,0, plus
100 mU glutathione peroxidase (H,O, + GPx). Superoxide anion
radicals were generated in the presence of 50 uM xanthine and 10
mU xanthine oxidase alone (X/XO) and in combination with
cytochrome ¢ (X/XO + cyt ¢). The CL concentration (sum of the
three molecular species [(C18:2),-CL, (C18:2),C18:1-CL,
(C18:2),(C18:1),-CL] of the control incubation was 5.12 + 0.30
ng/ml (no treatment).

Treatment CL concentration (jg/ml)
no 5.12%+0.30 (n=13)
H,0, 5.35+0.26 (n="7)

Cytc 3.42 +0.16 (n=10)"
H,0, +cytc 0.991 * 0.052 (n = 9)*
H,0, + PO 5.20 £ 0.15 (n = 4)
H,0, + GPx 4.58£0.39 (n=5)

X/XO 549+ 0.38 (n="7)
X/XO + ¢yt ¢ 3.05+0.16 (n=7)"

Data are presented as mean + SEM.

“Differences to the CL concentration in the control incubation was
significant with p < 0.05 (one-way ANOVA with Tukey’s HSD test
for post-hoc pairwise comparisons). The test further revealed that
the differences between the CL concentration in the presence of
H,0, and cytochrome ¢ and the CL concentrations of all the other
incubations were significant with p < 0.05. The difference of the
CL concentrations in the presence of cytochrome ¢ and X/XO plus
cytochrome ¢ was not significant.

follows: C16:0 (1%), C16:1 (2%), C18:1 (8%),
C18:2 (87%), C18:3 (1%) and other (1%). There-
fore, the main part of fatty acid residues comes
from C18:2 and C18:1. In consequence, we limited
our investigation to (C18:2),-CL, (C18:2),C18:1-
CL and (C18:2),(C18:1),-CL, covering ~ 95% of
the total CL. The experiments repeated with CL
liposomes were not different from those described
here. In Table I the concentrations of the sum of
(C18:2),-CL, (C18:2),C18:1-CL. and (C18:2),
(C18:1),-CL. are presented in dependence on
the treatment. CL was exposed to 500 uM H,O,
(H,0,); 5 mM cytochrome ¢ (cyt ¢) and to the
combination of both (H,0, + cyt ¢). Additionally,
we tested the possibility that CL can act as elec-
tron donor of other peroxidases. In this context
we used horse radish peroxidase (PO, 100 mU),
which contains like cytochrome ¢ heme in the
catalytic centre. Glutathione peroxidase (GPx, 100
mU) was also tested as an enzyme which contains
selenocysteine in the active site mainly using glu-
tathione as an electron donor. Hydrogen peroxide
alone or in combination with PO (H,0, + PO) and
GPx (H,O, + GPx) had no significant effect on the
sum of the investigated CL species. However, in the
presence of cyt ¢ (H,0, + cyt ¢), H,0O, caused a
dramatic reduction, down to 19.3% of the untreated
control. The presence of cyt ¢ caused a decrease
in the sum of the studied molecular CL species,
down to 67% of the untreated control incubation. In
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Figure 6. Oxidation of CL by H,0,. CL (5 ug/ml) was incubated
for 15 min at 30°C with no additions (control), 500 uM H,O,
plus 5 mM cytochrome ¢ (H,0, + cyt ¢), 5 mM cytochrome ¢
(cyt ¢) and 50 uM xanthine plus 10 mU xanthine oxidase plus
5 mM cyt ¢ (X/XO + cyt ¢). Oxidized and non-oxidized CL was
determined by using LC-MS/MS. (C18:2),-mono-hydroxylinoleic
acid-CL was determined as oxidation product of (C18:2),-CL.
Shown are values as a percentage of the sum of oxidized and
non-oxidized (C18:2),-CL. Data are presented as mean * SEM
(n = 4-6). The differences between all pairs were significant with
p < 0.05 in a one-way ANOVA with Tukey’s HSD test for post-
hoc pairwise comparisons based on the logarithms of the oxidized
CL in order to compensate for inhomogeneous variances in the
four groups.

addition, CL was subjected to superoxide anion radi-
cals by using xanthine/xanthine oxidase as a superoxide
anion radical generating system. Superoxide anion
radicals alone (X/XO) had no effect on the CL species.
In contrast, in the additional presence of cytochrome
¢ X/XO + cyt ¢), the content of the CL species was
reduced to 60% of the untreated control. Under these
experimental conditions, the relative portion of the
three CL species in relation to their sum did not
change by more than 3% (not shown).

To elucidate the possibility that decrease in CL
content is associated with CL oxidation, we deter-
mined the formation of (C18:2),-monohydroxylinoleic
acid-CL as oxidation product of (C18:2),-CL. Data
of this oxidized CL are presented in Figure 6 as a
percentage of the sum of oxidized and non-oxidized
(C18:2),-CL. Even under control conditions (control) a
basic oxidation of CL of 0.35% was found. The addition
of cyt ¢ (cyt ¢) caused an increase in oxidized CL to
0.49% of total. The combination of xanthine/xanthine
oxidase and cytochrome ¢ (X/XO + cyt ¢) resulted in
CL oxidation to 0.81% of total. However, the com-
bination of H,0, and cyt ¢ (H,0, + cyt ¢) led to a
20-fold increase in oxidized CL to 7.83% of total.

Discussion

It had been shown in several studies that strong
oxidative stress causes lipid peroxidation, usually

demonstrated by measuring thiobarbituric acid reac-
tive substances as products of lipid peroxidation [26].
The aim of our study was to investigate the effect
of oxidative stress on the structurally different mem-
brane phospholipids PC, PE and CL in biological
systems.

Among the reactive oxygen species that are formed
by transfer of electrons to oxygen, the hydroxyl radical
is the most reactive molecule [27]. It has a life time of
only 1 ns [27]. In contrast to O, and H,0,, OH does
not penetrate through biological membranes since it
immediately reacts with surrounding molecules at
the place of generation. In the presence of iron and
ascorbate, isolated mitochondria generate high quan-
tities of hydroxyl radicals via perferryl radicals and/
or Fenton reaction [28]. We found that this kind of
oxidative stress caused loss of the membrane phos-
pholipids PC, PE and CL. This loss points towards
a radical-mediated oxidation of these phospholipids
via the generation of lipid alkoxyl and peroxyl radi-
cals. Unsaturated bounds are favoured places for the
attack of radicals. The content of unsaturated bonds
might be the reason for the different vulnerability
of the investigated phospholipids against oxidative
stress. The phospholipids PC, PE and CL contain
different amounts of unsaturated bounds in their
fatty acid residues, but the degree of ‘unsaturation’
(calculated as double bond or peroxidizability index
[4]), does not differ substantially [29]. CL contains
the highest part of linoleic acid (18:2) in brain and
in particular in heart mitochondria [29,30], but
highly unsaturated fatty acids, as 20:4, 22:4, 22:5
and 22:6, are more enriched in PE of neural mito-
chondria than in CL [29]. In the particular situation
of iron/ascorbate induced oxidative stress, additional
targets within the phospholipid molecules should be
considered. PC and PE at the one site and CL at the
other site considerably differ in their structure. CL
is a dimeric phospholipid with an unusual structure
of 4 acyl side chains in comparison to PC and PE.
It is negatively charged and has a polar OH group
in the middle of the molecule. This gives rise for the
preferred attack of reactive oxygen species in the
polar part of CL (hydroxyl group in f-position to the
phosphoester bond) and free-radical mediated frag-
mentation under formation of phosphatidic acid and
phospatidylhydroxyacetone [31,32]. This particular
structure of CL. may be, at least in part, responsible
for the high vulnerability of CL in comparison to
PE and PC. Another reason for the different vulner-
ability of PE, PC and CL to oxidative stress may
be the requirement of additional factors that selec-
tively mediate the oxidation of certain places within
phospholipid molecules. Such activity had been
demonstrated for cytochrome c¢ that exhibits peroxi-
dase activity [33].

There is a body of evidence that CL is linked to
mitochondrial function [34]. CL is physiologically
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bound to several membrane proteins. A decrease
in the content of natural CL had been shown to
be associated with a decrease in the activity of
these proteins, resulting in mitochondrial dysfunc-
tion [35]. CL-mediated impairment of oxidative
phosphorylation is indicated by restriction of mito-
chondrial respiration and ATP production [36]. It
is known that hypoxia/reoxygenation induces mild
oxidative stress in isolated mitochondria [37]. We
here report that 10 min hypoxia followed by 5 min
reoxygenation resulted in decreased active respi-
ration (50% of initial) parallelled by a dramatic
decrease in CL concentration in isolated heart
mitochondria. However, further decrease in CL
content provoked by increasing extramitochondrial
Ca?* concentration did not cause further decrease
in active respiration. Based on this observation we
postulate that only a part of the CL pool is asso-
ciated with the machinery of oxidative phospho-
rylation. Apparently, this part of the CL pool is
especially sensitive to oxidative stress. Another part
of the CL pool seems not to be associated with
electron transfer within the respiratory chain but
interacts with Ca?*. Compartmentation of CL in
mitochondria had been reported [38]. For example,
CL can be located, at least, at the inner and also at
the outer site of the mitochondrial inner membrane
[38]. Under certain conditions it can translocate
between different locations [39].

Oxidized CL had been demonstrated in muscle
homogenate treated with peroxynitrite [25]. As a main
oxidized CL species (C18:2),-mono-hydroxylinoleic
acid-CL had been found. This probably results from
the decay of CL hydroperoxide. Thus, these authors
provided clear experimental evidence for the oxidation
of CL. We also detected oxidized CL after exposure
to H,0,. This data support the suggestion that loss
of CL is, at least partially, mediated by an oxidation
process. However, our in vitro experiments demon-
strate that CL is relatively resistant to the direct attack
of hydrogen peroxide and superoxide anion radicals.
Even 500 uM H,0, caused neither loss nor oxidation
of CL. Moreover, superoxide anion radicals at con-
centrations that are sufficient to reduce cytochrome ¢
also did not cause CL loss or CL oxidation. Oxidation
of CL by H,O, required specific peroxidase activity.
In our experiments, cytochrome ¢ effectively mediated
CL oxidation. Peroxidase activity of cytochrome ¢ had
been described earlier by several authors [40,41]. CL
mediates the binding of cytochrome ¢ to complex III
of the mitochondrial electron transport chain and
consequently electron transport. Under oxidative
stress, especially at high local H,O, concentrations,
cytochrome ¢ turns to peroxidase activity allowing CL.
oxidation [42,43]. Under the control of cytochrome c,
CL is very sensitive to H,0,. It seems that relatively
low H,O, concentrations, either present in oxygen-
ated incubation media or generated by spontaneous
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dismutation of superoxide anion radicals, are suffi-
cient to oxidize CL. We observed even in the incu-
bation medium, always containing small amounts of
H,0,, moderate CL oxidation. In the presence of
xanthine/xanthine oxidase used as superoxide anion
radical generating system CL oxidation was also
measured.

The generation of (C18:2);-monohydroxyli-
noleic acid-CLL. measured as oxidation product
of (C18:2),- CL only partially accounts for the
observed degradation of the three investigated CL
species. In the presence of 500 uM H,O, and cyto-
chrome ¢ only ~ 8% of the total (C18:2),-CL were
found to be oxidized, whereas the sum of (C18:2) ,-
CL, (C18:2),C18:1-CL and (C18:2),(C18:1),-CL
were decreased by ~ 80%. ROS exposure of CL. may
initiate a sequence of steps generating alkyl radi-
cals, peroxyl radicals and hydroperoxides, finally
entering in a continuous chain reaction involving
other acyl chains of the CL molecule [44]. Several
instable intermediates are generated during CL per-
oxidation. Hence, (C18:2),-monohydroxylinoleic
acid-CL covers only a small part of them. However,
changes in the amount of (C18:2),-monohydrox-
ylinoleic acid-CL. were accompanied by parallel
changes in CL degradation (CL plus H,O, plus
cytochrome ¢ vs control, CL plus cytochrome ¢ vs
control and CL plus X/XO plus cytochrome ¢ vs
control). Thus, our data demonstrate that CL per-
oxidation takes place, which is an essential part of
CL degradation.

It had been speculated that oxidation of CL triggers
the detachment of cytochrome ¢ from the mitochon-
drial membrane and release into the cytosolic com-
partment [45]. This process can induce the intrinsic
pathway of apoptosis. Our data show that H,O,-
dependent oxidation of CL is specifically mediated
by cytochrome c. This might be an essential part of
the mechanism of apoptosis induction under con-
ditions of oxidative stress. Among the phospolipids
CL is especially sensitive to H,O, and mediates
cytochrome c¢ release, since CL is co-localized with
cytochrome c.

Acknowledgements

We are grateful to Mrs Heidemarie Faber for
skillful technical assistance and to the expert stat-
istician Professor Dr Siegfried Kropf (Institute
of Biometry and Informatics, Medical Faculty,
Otto-von-Guericke-University Magdeburg) for help
and advice. This study was supported by COST
Action B 35.

Declaration of interest: The authors report no con-
flict of interest. The authors alone are responsible for
the content and writing of this paper.

RIGHTS LI N Kdx



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

144 I Wiswedel et al.

References

[1] Sies H. Biochemistry of oxidative stress. Angew Chem Int
Ed 1986;25:1058-1071.

[2] Orrenius S, Gogvadze V, Zhivotovsky B. Mitochondrial oxida-
tive stress: implications for cell death. Annu Rev Pharmacol
Toxicol 2007;47:143-183.

[3] Vossen RC, van Dam-Mieras MC, Hornstra G, Zwaal RF.
Differential effects of endothelial cell fatty acid modification
on the sensitivity of their membrane phospholipids to per-
oxidation. Prostaglandins Leukot Essent Fatty Acids
1995;52:341-347.

[4] Brand MD, Pamplona R, Portero-Otin M, Requena ]R,
Roebuck SJ, Buckingham JA, Clapham JC, Cadenas S.
Oxidative damage and phospholipid fatty acyl composition
in skeletal muscle mitochondria from mice underexpressing
or overexpressing uncoupling protein 3. Biochem ] 2002;
368:597-603.

[5] Rostovtseva TK, Kazemi N, Weinrich M, Bezrukov SM.
Voltage gating of VDAC is regulated by nonlamellar lipids
of mitochondrial membranes. J Biol Chem 2006;281:
37496-37506.

[6] Schlame M, Rua D, Greenberg ML. The biosynthesis
and functional role of cardiolipin. Prog Lipid Res 2000;39:
257-288.

[7] Pfeiffer K, GohilV, Stuart RA, Hunte C, Brandt U, Greenberg
ML, Schigger H. Cardiolipin stabilizes respiratory chain
supercomplexes. ] Biol Chem 2003;278:52873-52880.

[8] Robinson NC. Functional binding of cardiolipin to cyto-
chrome c oxidase. ] Bioenerg Biomembr 1993;25:153-163.

[9] Schlame M, Beyer K, Hayer-Hartl M, Klingenberg M. Molec-
ular species of cardiolipin in relation to other mitochondrial
phospholipids. Is there an acyl specificity of the interaction
between cardiolipin and the ADP/ATP carrier? Eur ] Biochem
1991;199:459-466.

[10] Claypool SM, Oktay Y, Boontheung P, Loo JA, Koehler CM.
Cardiolipin defines the interactome of the major ADP/ATP
carrier protein of the mitochondrial inner membrane. J Cell
Biol 2008;182:937-950.

[11] Han X,Yang J, Cheng H,Yang K, Abendschein DR, Gross RW.
Shotgun lipidomics identifies cardiolipin depletion in diabetic
myocardium linking altered substrate utilization with mito-
chondrial dysfunction. Biochemistry 2005;44:16684-16694.

[12] Petrosillo G, Di Venosa N, Ruggiero FM, Pistolese M,
D’Agostino D, Tiravanti E, Fiore T, Paradies G. Mitochon-
drial dysfunction associated with cardiac ischemia/reperfusion
can be attenuated by oxygen tension control. Role of oxygen-
free radicals and cardiolipin. Biochim Biophys Acta
2005;1710:78-86.

[13] Lay JCK, Clark JB. Preparation of synaptic and non-synaptic
mitochondria from mammalian brain. In: Fleischer S, Packer
L, editors. Methods in enzymology. Vol. 55, Part F. New York:
Academic; 1979. p. 51-61.

[14] Lowry OH, Rosebrough NJ, Farr AL, Randal R]. Protein
measurement with the Folin phenol reagent. ] Biol Chem
1951;193:265-275.

[15] Schaller H, Letko G and Kunz W. Influence of Mg?*-ions on
the properties of rat heart mitochondria in dependence on the
preparation. Acta Biol Med Germ 1978;37:31-38.

[16] Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle
of protein-dye binding. Anal Biochem 1976;72:248-254.

[17] Jentzsch, AM, Bachmann H, Furst P, Biesalski H. Improved
analysis of malondialdehyde in human body fluids. Free Radic
Biol Med 1996;20:251-256.

[18] Reynafarje B, Costa LE, Lehninger A. O, solubility in aque-
ous media determined by a kinetic model. Anal Biochem
1985;145:406—418.

[19] Folch J, Lees M, Stanley GH. A simple method for the isola-
tion and purification of total lipids from animal tissues. ] Biol
Chem 1957;226:497-509.

[20] Shafig-ur-Rehman. Rapid isocratic method for the separation
and quantification of major phospholipid classes by high-
performance liquid chromatography. ] Chromatogr
1991;567:29-37.

[21] Schlame M, Shanske S, Doty S, Konig T, Sculco T, Dimauro
S, Blanck T. Microanalysis of cardiolipin in small biopsies
including skeletal muscle from patients with mitochondrial
disease. J Lipid Res 1990;40:1585-1592.

[22] Bligh EG, Dyer WJ. A rapid method of total lipid extraction
and purification. Can J Biochem 1959;37:911-917.

[23] Rouser G, Fleischer S, Yamamoto A. Two-dimensional
thin layer chromatographic separation of polar lipids and
determination of phospholipids by phosphorus analysis of
spots. Lipids 1970;5:494-496.

[24] Valianpour F, Wanders RJA, Barth PG, Overmars H,
van Gennip AH. Quantitative and compositional study of
cardiolipin in platelets by electrospray ionization mass spec-
trometry: application for the identification of Barth syndrome
patients. Clin Chem 2002;48:1390-1397.

[25] Pope S, Land JM, Heales JR. Oxidative stress and mitochon-
drial dysfunction in neurodegeneration; cardiolipin a critical
target? Biochim Biophys Acta 2008;1777:794-799.

[26] Wiswedel I, Trimper L, Schild L, Augustin W. Injury of
mitochondrial respiration and membrane potential during
iron/ascorbate-induced peroxidation. Biochim Biophys Acta
1988;934:80-86.

[27] Sies H. Strategies of antioxidant defense. Eur J Biochem
1993;215:213-219.

[28] Halliwell B, Gutteridge JMC. The role of iron in free radical
reactions. In: Hayaishi O, Niki E, Kondo M, Yoshikawa T,
editors. Medical biochemical and chemical aspects of free
radicals. B.V. Amsterdam: Elsevier Science Publishers; 1989.
p. 21-23.

[29] Dyer JR, Greenwood CE. Dietary essential fatty acids change
the fatty acid profile of rat neural mitochondria over time.
J Nutr 1991;121:1548-1553.

[30] Yamaoka S, Urade R, Kito M. Cardiolipin molecular species
in rat heart mitochondria are sensitive to essential fatty acid-
deficient dietary lipids. J Nutr 1990;120:415-421.

[31] Yurkova IL, Stuckert F, Kisel MA, Shadyro OI, Arnhold ],
Huster D. Formation of phosphatidic acid in stressed
mitochondria. Arch Biochem Biophys 2008;480:17-26.

[32] Shadyro O, Yurkova I, Kisel M, Brede O, Arnhold J.
Formation of phosphatidic acid, ceramide, and diglyc-
eride on radiolysis of lipids: identification by MALDI-
TOF mass spectrometry. Free Radic Biol Med 2004;36:
1612-1624.

[33] Kagan VE, Borisenko GG, Tyurina YY, Tyurin VA, Jiang ],
Potapovich Al, Kini V, Amoscato AA, Fujii Y. Oxidative lipid-
omics of apoptosis: redox catalytic interactions of cytochrome
¢ with cardiolipin and phosphatidylserine. Free Radic Biol
Med 2004;37:1963-1985.

[34] Schlame M, Ren M. The role of cardiolipin in the structural
organization of mitochondrial membranes. Biochim Biophys
Acta 2009;1788:2080-2083.

[35] Chicco AJ, Sparagna GC. Role of cardiolipin alterations in
mitochondrial dysfunction and disease. Am J Physiol Cell
Physiol 2007;292:C33-C44.

[36] Pepe S. Mitochondrial function in ischaemia and reper-
fusion of the ageing heart. Clin Exp Pharmacol Physiol 2000;
27:745-750.

[37] Schild L, Reiser G. Oxidative stress is involved in the per-
meabilization of the inner membrane of brain mitochondria
exposed to hypoxia/reoxygenation and low micromolar Ca?*,
FEBS ] 2005;272:3593-3601.

RIGHTS LI N Kdx



Free Radic Res Downloaded from informahealthcare.com by University of Saskatchewan on 12/04/11
For personal use only

[38] Mileykovskaya E, DowhanW. Cardiolipin membrane domains
in prokaryotes and eukaryotes. Biochim Biophys Acta
2009;1788:2084-2091.

[39] Epand RF, Martinou JC, Montessuit S, Epand RM.
Transbilayer lipid diffusion promoted by Bax: implications for
apoptosis. Biochemistry 2003;42:14576-14582.

[40] NakagawaY. Initiation of apoptotic signal by the peroxidation
of cardiolipin of mitochondria. Ann NY Acad Sci
2004;1011:177-184.

[41] Bayir H, Fadeel B, Palladino M]J, Witasp E, Kurnikov 1V,
Tyurina YY, Tyurin VA, Amoscato AA, Jiang J, Kochanek PM,
DeKosky ST, Greenberger JS, Shvedova AA, Kagan VE.
Apoptotic interactions of cytochrome ¢: redox flirting with
anionic phospholipids within and outside of mitochondria.
Biochim Biophys Acta 2006;1757:648-659.

[42] Vladimirov YA, Proskurnina EV, Izmailov DY, Novikov AA,
Brusnichkin AV, Osipov AN, Kagan VE. Cardiolipin

This paper was first published online on Early Online on 26
October 2009.

Peroxidation of phospholipids and role of cardiolipin 145

[43]

[44]

[45]

activates cytochrome c peroxidase activity since it facili-
tates H,O, access to heme. Biochemistry (Mosc) 2006;71:
998-1005.

Kagan VE, Bayir HA, Belikova NA, Kapralov O, Tyurina YY,
Tyurin VA, Jiang J, Stoyanovsky DA, Wipf P, Kochanek PM,
Greenberger JS, Pitt B, Shvedova AA, Borisenko G.
Cytochrome c¢/cardiolipin relations in mitochondria: a kiss of
death. Free Radic Biol Med 2009;46:1439-1453.

Paradies G, Petrosillo G, Paradies V, Ruggiero FM. Role of
cardiolipin peroxidation and Ca?* in mitochondrial dysfunc-
tion. Cell Calcium 2009;45:643-650.

Kagan VE, Bayir A, Bayir H, Stoyanovsky D, Borisenko GG,
Tyurina YY, Wipf P, Atkinson J, Greenberger JS, Chapkin RS,
Belikova NA. Mitochondria-targeted disruptors and inhibi-
tors of cytochrome c¢/cardiolipin peroxidase complexes: a new
strategy in anti-apoptotic drug discovery. Mol Nutr Food Res
2009;53:104-114.

RIGHTS LI N Kdx




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


