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Abstract Two Kjrp channel blockers, 5-hydroxydecan-
oate (5-HD) and glyburide, are often used to study cross-
talk between Na*/K*-ATPase and these channels. The aim
of this work was to characterize the effects of these
blockers on purified Na™/K*-ATPase as an aid to appro-
priate use of these drugs in studies on this cross-talk. In
contrast to known dual effects (activating and inhibitory) of
other fatty acids on Na*/K*-ATPase, 5-HD only inhibited
the enzyme at concentrations exceeding those that block
mitochondrial Khtp channels. 5-HD did not affect the
ouabain sensitivity of Na*/K*-ATPase. Glyburide had both
activating and inhibitory effects on Na*/K™-ATPase at
concentrations used to block plasma membrane Kjrp
channels. The findings justify the use of 5-HD as specific
mitochondrial channel blocker in studies on the relation of
this channel to Na*/K*-ATPase, but question the use of
glyburide as a specific blocker of plasma membrane K} rp
channels, when the relation of this channel to Na*/K'-
ATPase is being studied.
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Introduction

Na*/K*-ATPase catalyzes the coupled active transport of
Na® and K" across the plasma membranes of most
mammalian cells, and this pumping function of the
enzyme is specifically inhibited by ouabain and related
digitalis drugs [1, 2]. In recent years, it has been rec-
ognized that Na*/K*-ATPase of intact cells may also
function as a signal transducer; i.e., the ouabain-inhibited
fraction of the enzyme interacts with neighboring mem-
brane proteins such as Src and EGFR, causing the
activations of multiple signal transduction pathways that
link the initial cell membrane events to intracellular
organelles and the nucleus [3, 4]. It is now well estab-
lished that some of these ouabain-activated pathways
lead to functional communication between Na'/K*-
ATPase and mitochondria by mechanisms that involve
the mitochondrial ATP-sensitive K* channel (Karp
channel), but are not fully characterized [5-7]. In studies
designed to explore the pathway that relays the ouabain
message from Na*/K*-ATPase to mitochondria,
5-hydroxy-decanoate (5-HD) has been used as a well
established blocker of mitochondrial Kstp channel [5-7].
The tacit assumption in such studies is that 5-HD has no
significant direct interaction with Na*/K*-ATPase. To our
knowledge, however, there are no reported studies of
5-HD effects on Na*/K*-ATPase, in spite of the long
history of the known effects of other long-chain fatty
acids on Na*/K*-ATPase [8, 9]. The primary aim of this
work, therefore, was to examine the effects of 5-HD on
purified Na*/K*-ATPase. Because of the reported dis-
agreements [10-12] on the interaction of Na*/K*-ATPase
with another widely used Karp channel blocker, glybu-
ride (glybenclamide), we have also examined the effects
of this compound on the purified Na*/K*-ATPase.
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Materials and methods
Materials

ATP, ouabain, glyburide, and the sodium salts of 5-HD,
decanoic acid (capric acid), and dodecanoic acid (lauric
acid) were obtained from Sigma (St. Louis, MO). Biomol
Green was purchased from BIOMOL (Plymouth Meeting,
PA). The common chemicals were of the highest purity
available. Pig kidneys were purchased from a nearby
slaughterhouse, and stored at —80°C until used for enzyme
preparation. Male Sprague Dawley rats (300-350 g) were
used according to the procedures and guidelines approved
by the Institutional Animal Care and Use Committee.

Enzyme preparations

Pig kidneys were dissected to obtain outer medulla by
procedures described before [13]. A microsomal fraction
was then prepared from the outer medulla, treated with low
concentrations of SDS to remove impurities without solu-
bilizing the membranes, and the purified membrane-bound
enzyme was collected after differential centrifugation by
the angle rotor version of the procedure of Jorgensen [13].
The enzyme was suspended in a solution containing 0.25 M
sucrose, 30 mM histidine, and 1 mM EDTA, and stored
frozen until use. The specific activities of the ouabain-
sensitive Na*/K*-ATPase of various kidney preparations,
assayed at 5 mM ATP as described below, were in the range
of 900-1,200 pmol/mg/h. The ouabain-sensitive activities
of these preparations were greater than 95% of the total
ATPase activity.

For the preparation of the crude cardiac enzyme, ven-
tricles of a fresh rat heart were minced, suspended in 15 ml
of the above sucrose solution, homogenized by a Teflon-
glass homogenizer, and further disrupted by a Polytron
homogenizer. The cold homogenate was filtered through
gauze, and centrifuged at 1,000g for 10 min at 4°C. The
supernatant was then centrifuged for 1 hat 115,000g at 4°C.
The sediment was suspended in the above sucrose solution,
and used or stored frozen. The specific activities of the
ouabain-sensitive Na*/K*-ATPase of these crude prepara-
tions, assayed at 5 mM ATP as described below, were in the
range of 2-3 umol/mg/h. The ouabain-sensitive activities of
these preparations were 15-20% of total ATPase activity.

Na*/K*-ATPase assay
Enzyme activity was assayed at 37°C through the deter-

mination of the initial rate of release of Pi from ATP; i.e.,
enzyme concentration and reaction time were chosen to
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ensure that no more than 10-15% of the substrate was
hydrolyzed. Reaction mixtures contained 100 mM NaCl,
12.5 mM KCI, 5 mM MgCl,, 1 mM EGTA, 5 mM sodium
azide (only in the case of crude cardiac enzyme), 20 mM
Tris-HCI (pH 7.4), and either saturating ATP (5 mM) or
suboptimal ATP (50 uM). That these ATP concentrations
are optimal and suboptimal for the kidney and the cardiac
enzymes is known [14, 15]. The assay under each specified
condition was done in the presence of 1 mM ouabain and
without ouabain in order to determine the ouabain-sensitive
activity. Reactions were stopped by the addition of cold
perchloric acid, cleared by centrifugation if necessary, and
assayed for Pi.

For the study of the effects of glyburide on the enzyme
activity, it was necessary to dissolve the drug in DMSO
prior to addition to the reaction mixture. The final DMSO
concentration did not exceed 0.02%. When appropriate,
controls with DMSO alone were included.

Other assays

Pi was measured using the highly sensitive Malachite
Green assay [16, 17], using the commercially available
Biomol Green reagent. Protein was assayed using DC
protein assay (Bio-Rad, Hercules, CA).

Data analysis

Data are means + SE of the results of a minimum of
three experiments. One-way analysis of variance (ANO-
VA) was performed and Bonferroni’s correction for
multiple comparisons was employed as appropriate. Sta-
tistical significance is reported at the P < 0.05. SPSS
software was used for all analysis (SPSS Inc.; Chicago, IL).

Results

5-HD and other fatty acid effects on purified
Na*/K*-ATPase

That long-chain fatty acids inhibit this enzyme was first
noted by Ahmed and Thomas [8], and confirmed by others
[18, 19]. Our subsequent studies [9, 15, 20-22] showed that
fatty acids and related amphiphiles may exhibit different
effects on Na*/K*-ATPase depending on substrate con-
centration: Inhibition at saturating ATP, and activation at
suboptimal ATP. This is illustrated by the data of Fig. 1A,
showing the effects of varying concentrations of lauric acid
on the activities of the purified kidney enzyme at 5 mM
and 50 pM ATP concentrations. Clearly, when ATP
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Fig. 1 Effects of varying concentrations of lauric acid, 5-hydroxy-
decanoic acid (5-HD), and decanoic acid on Na*/K*-ATPase activity
of purified kidney enzyme at optimal and suboptimal ATP concen-
trations. Assays were done on the purified enzyme as described in

concentration was saturating (5 mM), increasing concen-
trations of lauric acid resulted in inhibition of the enzyme;
whereas, at suboptimal ATP (50 uM), increasing lauric
acid concentrations first activated the enzyme before
causing inhibition (Fig. 1A). When experiments similar to
those of Fig. 1A were conducted using varying concen-
trations of 5-HD, at both high and low ATP concentrations,
only inhibitory effects of 5-HD were noted, though with
different potencies (Fig. 1B). Decanoic acid, the parent
compound of 5-HD, had inhibitory effects similar to that of
5-HD at 5 mM ATP (Fig. 1C); but at 50 uM ATP, deca-
noic acid activated the enzyme (Fig. 1C), unlike 5-HD
(Fig. 1B). These findings are consistent with the proposi-
tion that activating and inhibitory effects of fatty acids on
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Materials and methods, using 5 mM and 50 uM ATP. Several
preparations of the purified enzyme with similar specific activities
were used, as indicated in Materials and methods. *P < 0.05

Na*/K*-ATPase are exerted at different sites, and that the
introduction of the hydroxyl group to decanoic acid pre-
vents its effect at the activating site. In our previous
structure/activity studies on the effects of fatty acids and
derivatives on Na'/K*-ATPase [9], we noted that some
derivatives which did not activate the enzyme at subopti-
mal ATP (e.g., diacylglycerol) were capable of blocking
the effect of an activator on Na/K*-ATPase. 5-HD did not
exhibit such blocking effects (data not shown).

In studies addressing the relation of Na*/K*-ATPase to
mitochondrial K,tp channels, ouabain and 5-HD are often
used together [5-7]. To explore the possibility of the
interactive effects of the two inhibitors on Na*/K*-ATPase,
the effect of a partially inhibitory concentration of 5-HD
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Fig. 2 Effects or varying concentrations of ouabain on Na*/K*-
ATPase of the kidney enzyme in the absence and the presence of
5-hydroxydecanoate. Experiments were done as in Fig. 1, using
5 mM ATP and 3 mM 5-HD

was examined on the response of the enzyme to varying
concentrations of ouabain. 5-HD did not have a significant
effect on the dose-response curve for ouabain (Fig. 2).

Glyburide effects on purified Na*/K*-ATPase

Due to conflicting reports on the direct inhibitory effect of
glyburide on Na*/K*-ATPase [10-12], we examined the
effects of varying concentrations of this drug on the puri-
fied enzyme activity, using optimal and suboptimal
substrate concentrations: 5 mM ATP and 50 uM ATP. This
hydrophobic sulfonylurea, like most fatty acids and related
amphiphiles, exhibited both activating and inhibitory
effects depending on substrate concentration. Within the
same concentration range of glyburide (100-750 uM), the
drug was an inhibitor at 5 mM ATP, but an activator at
50 uM ATP (Fig. 3).

5-HD and glyburide effects on cardiac Na*/K*-ATPase

Limited experiments were done to compare the above-
described effects of 5-HD and glyburide on the purified
kidney enzyme with the drug effects on a crude preparation
of cardiac Na*/K"-ATPase. Because of the low specific
activity of the ouabain-sensitive Na*/K*-ATPase of this
cardiac preparation (Materials and methods), we were
unable to detect its activity at the suboptimal substrate
concentration (50 uM ATP). Therefore, 5-HD and glybu-
ride effects on the cardiac enzyme were only determined at
saturating ATP (5§ mM). Under this condition, both drugs
exhibited only inhibitory effects (Fig. 4) as in the case of
the kidney enzyme (Figs. 1 and 3). The sensitivities of the
cardiac and the kidney enzymes to 5-HD were about the
same or similar. However, glyburide clearly seemed to be
more potent against the cardiac than against the kidney
enzyme (compare Fig. 3 with Fig. 4). Though the cause of
this difference is not known, it is of interest to note that the
plasma membrane Krp channels also exhibit significantly
different sensitivities to sulfonylureas, such as glyburide, in
different cell types and tissues [23].

The ouabain-insensitive Mg>*-ATPase activity of the
crude cardiac preparation (Materials and methods) was also
affected by glyburide and 5-HD. The highest concentra-
tions of the two drugs used in Fig. 4, inhibited the Mg?*-
ATPase by about 15% (data not shown).

Discussion

In this study we have examined the effects of a fatty
acid derivative (5-HD) and a sulfonylurea (glyburide) on
Na™/K*™-ATPase in order to clarify the appropriate use of
these two Katp channel blocker drugs in studies dealing
with the relations of Katp channels and Na*/K*-ATPase.
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Fig. 3 Activating and inhibitory effects of glyburide on Na*/K*-ATPase of the kidney enzyme at suboptimal and optimal ATP concentrations.
Experiments were done as described in Fig. 1 and Materials and methods. *P < 0.05
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Fig. 4 Effects of 5-hydroxydecanoate (5-HD) and glyburide on Na*/
K*"-ATPase activity of a crude rat heart membrane preparation.
Membranes were prepared and assays were done at 5 mM ATP as
indicated in Materials and methods. *P < 0.05

Long-chain fatty acids have been known to affect Na*/
K*-ATPase in two different ways, and perhaps at two
different sites. The reversible inhibitory effect is non-
competitive with ATP, not at the ouabain site, and not
due to the denaturing detergent-like effects of fatty acids
[8]. The reversible activating effect of a fatty acid is
obtained at concentrations lower than or the same as
inhibitory concentrations, and is evident when ATP is
suboptimal, because the apparent Km for ATP is lowered
in the presence of the fatty acid [9, 15]. Both activating
and inhibitory effects are also demonstrable on the
pumping function of Na*/K*-ATPase [22], and fatty acid
potencies and efficacies in regard to both effects are
influenced by chain-length, degree of unsaturation, and
esterification [9].

The data presented here show that 5-HD, unlike the
parent decanoic acid, exhibits only an inhibitory effect on
Na*/K*-ATPase. Lack of activating effect by some fatty
acid esters was noted before [9], but all previously tested
fatty acids with chain lengths of eight or higher had acti-
vating effects [9]. Evidently, the introduction of the single
hydroxyl group, such as that in 5-HD, is sufficient to pre-
vent interaction, or reduce binding affinity, at the activating

site. The inhibitory potency of 5-HD is similar to that of
decanoic acid (Fig. 1), and in keeping with previous data
on the relation of potency to chain length [8, 9].

Although initially thought to be a blocker of the plasma
membrane Krp channel [24], 5-HD has subsequently been
shown to act as a highly selective inhibitor of the mito-
chondrial Kstp channel [25-28]; and as such, 5-HD has
been used to explore the relation of the ouabain-sensitive
Na*/K*-ATPase to mitochondrial Karp channels [5-7].
From this point of view, the important findings of the
present study are: (1) 5-HD concentrations that may have
significant inhibitory effects on Na*/K*-ATPase (Figs. 1
and 4) far exceed those (30-300 pM) that effectively block
the mitochondrial K,tp channels [5-7, 26]. (2) There is no
influence of 5-HD on the ouabain sensitivity of the purified
Na*/K*-ATPase (Fig. 3). We may conclude, therefore, that
in studies where communication between Na™/K*™-ATPase
and mitochondrial Kirp channel is explored [5-7], it is
reasonable to assume that the commonly used concentra-
tions of this channel blocker (30-300 uM) have no direct
effect on Na*/K*-ATPase.

It is appropriate to note that previous studies on the
relation of mitochondrial Ksrp channels and Na*/K*-AT-
Pase have been done mostly in the heart in relation to the
possible cardioprotective effect of ouabain [5-7]. Because
of this, we deemed it necessary to examine the effect of
5-HD not only on the purified kidney Na*/K*-ATPase, but
also on a crude enzyme preparation from the heart (Fig. 4).
Evidently, in both preparations significant inhibition of
Na*/K*-ATPase requires 5-HD concentrations exceeding
those that inhibit mitochondrial K,tp channels, as indi-
cated above. It is also of interest to note that the rat heart
and the pig kidney Na*/K*-ATPases, with their known
widely different sensitivities to ouabain [1, 2], both have
similar or close sensitivities to 5-HD (Figs. 1 and 4). This
provides further support for the independence of ouabain
and fatty acid inhibitory sites of Na*/K*-ATPase, as
already suggested [8].

Glyburide is the widely used prototypic sulfonylurea
that blocks all Karp channels [26], the cystic fibrosis
transmembrane conductance regulator (CFTR) chloride
channels, and perhaps some calcium channels [12]. Since
this drug has been used in a number of studies to explore
the mechanism of suggested functional interaction
between Na*/K*-ATPase and the plasma membrane Krp
channels of renal epithelia and other cell types [29], the
possibility of its direct interaction with Na*/K*-ATPase
has been considered before [10-12]. However, when
glyburide effects on Na*/K*-ATPase activities of crude
isolated membranes or homogenates have been attempted,
either inhibition [10] or lack of effect [11] have been
reported. The present data on the purified kidney enzyme
clearly show both activating and inhibitory effects of
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glyburide (Fig. 3) similar to those of the fatty acids and
their derivatives. At first sight, this similarity may seem
strange. However, previous structure/activity studies on
fatty acids and derivatives indicated the necessity of
appropriate balance and spatial relation between the
hydrophilic and hydrophobic moieties of these amphi-
philes for their interaction with Na*/K'-ATPase [9].
Evidently, such balance also exists in the amphiphilic
structure of glyburide, allowing its interaction with the
postulated amphiphilic binding site on the enzyme [9].
Mechanistic issues aside, our present data indicate that
depending on the prevailing ATP concentrations, Na*/K*-
ATPase may indeed be either activated or inhibited by
glyburide concentrations, up to 500 uM, that are often
used for the presumed specific inhibition of the plasma
membrane Karp channels in various cell types [10, 29].
This, and the possibility that plasma membrane Karp
channels of different cells may have different sulfonylurea
sensitivities [23], suggest the necessity of caution in the
use of glyburide in studies where the proposed interaction
between Na*/K*-ATPase and any Karp channel is
examined.

In summary, the significance of this study is twofold:
First, our findings justify the use of 5-HD, at concentrations
of 300 uM or lower, as a highly specific inhibitor of the
mitochondrial Kirp channel in studies of cross-talk
between these channels and Na*/K*-ATPase. Second, our
data add significant weight to existing evidence question-
ing the use of glyburide and related sulfonylureas in studies
of cross-talk between Krp channels and Na*/K*"-ATPase.

Acknowledgments
and HL-67842.

This work was supported by grants HL-36573

References

1. Skou JC, Esmann M (1992) The Na, K-ATPase. J Bioenerg
Biomembr 24:249-261

2. McDonough AA, Velotta JB, Schwinger RH et al (2002) The
cardiac sodium pump: structure and function. Basic Res Cardiol
97:119-124

3. Liu L, Mohammadi K, Aynafshar B et al (2003) Role of caveolae
in signal-transducing function of cardiac Na*/K*-ATPase. Am J
Physiol Cell Physiol 284:C1550-C1556

4. Xie Z, Askari A (2002) Na*/K*-ATPase as a signal transducer.
Eur J Biochem 269:2434-2439

5. Tian J, Liu J, Garlid KD et al (2003) Involvement of mitogen-
activated protein kinases and reactive oxygen species in the
inotropic action of ouabain on cardiac myocytes. A potential role
for mitochondrial K(ATP) channels. Mol Cell Biochem 242:
181-187

6. Garlid KD, Puddu PE, Pasdois P et al (2006) Inhibition of cardiac
contractility by 5-hydroxydecanoate and tetraphenylphosphoni-
um ion: a possible role of mitoKsrp in response to inotropic
stress. Am J Physiol Heart Circ Physiol 291:H152-H160

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

. Pasdois P, Quinlan CL, Rissa A et al (2007) Ouabain protects rat

hearts against ischemia-reperfusion injury via a pathway
involving src kinase, mitoK,tp, and ROS. Am J Physiol Heart
Circ Physiol 292:H1470-H1478

. Ahmed K, Thomas BS (1971) The effects of long chain fatty

acids on sodium plus potassium ion-stimulated adenosine tri-
phosphatase of rat brain. J Biol Chem 246:103-109

. Jack-Hays MG, Xie Z, Wang Y et al (1996) Activation of Na*/

K*-ATPase by fatty acids, acylglycerols, and related amphi-
philes: structure-activity relationship. Biochim Biophys Acta
1279:43-48

Ribalet B, Mirell CJ, Johnson DG et al (1996) Sulfonylurea
binding to a low-affinity site inhibits the Na/K-ATPase and the
Katp channel in insulin-secreting cells. J Gen Physiol 107:
231-241

Elmi A, Idahl LA, Sehlin J (2001) Modulation of beta-cell oua-
bain-sensitive 5°Rb* influx (Na*/K* pump) by D-glucose,
glibenclamide or diazoxie. Int J Exp Diabetes Res 1:265-274
Lee SY, Lee CO (2005) Inhibition of Na*-K* pump and L-type
Ca”* channel by glibenclamide in guinea pig ventricular myo-
cytes. J Pharmacol Exp Ther 312:61-68

Jorgensen PL (1988) Purification of Na*,K*-ATPase: enzyme
sources, preparative problems, and preparation from mammalian
kidney. Methods Enzymol 156:29-43

Alto LE, Elimban V, Lukas A et al (2000) Modification of heart
sarcolemmal Na*/K*-ATPase activity during development of the
calcium paradox. Mol Cell Biochem 207:87-94

Huang WH, Kakar SS, Askari A (1986) Activation of (Na* +
K*)-ATPase by long-chain fatty acids and fatty acyl coenzymes
A. Biochem Int 12:521-528

Lanzetta PA, Alvarez LJ, Reinach PS et al (1979) An improved
assay for nanomole amounts of inorganic phosphate. Anal Bio-
chem 100:95-97

Liu L, Askari A (2006) Beta-subunit of cardiac Na*-K*-ATPase
dictates the concentration of the functional enzyme in caveolae.
Am J Physiol Cell Physiol 291:C569-C578

. Swann AC (1984) Free fatty acids and (Na*,K*)-ATPase: effects

on cation regulation, enzyme conformation, and interactions with
ethanol. Arch Biochem Biophys 233:354-361

Bidard JN, Rossi B, Renaud JF et al (1984) A search for an
‘ouabain-like’ substance from the electric organ of electrophorus
electricus which led to arachidonic acid and related fatty acids.
Biochim Biophys Acta 769:245-252

Kakar SS, Huang WH, Askari A (1987) Control of cardiac
sodium pump by long-chain acyl coenzymes A. J Biol Chem
262:42-45

Askari A, Xie ZJ, Wang YH et al (1991) A second messenger role
for monoacyolglycerols is suggested by their activating effects on
the sodium pump. Biochim Biophys Acta 1069:127-130

Huang WH, Xie Z, Kakar SS et al (1988) Control of the sodium
pump by liponucleotides and unsaturated fatty acids: side-
dependent effects in red cells. Prog Clin Biol Res 268B:
401-407

Ashcroft FM (1988) Adenosine 5'-triphosphate-sensitive potas-
sium channels. Annu Rev Neurosci 11:97-118

Notsu T, Tanaka I, Takano M et al (1992) Blockade of the ATP-
sensitive K* channel by 5-hydroxydecanoate in guinea pig ven-
tricular myocytes. J Pharmacol Exp Ther 260:702-708
McCullough JR, Normandin DE, Conder ML et al (1991) Spe-
cific block of the anti-ischemic actions of cromakalim by sodium
5-hydroxydecanoate. Circ Res 69:949-958

Jaburek M, Yarov-Yarovoy V, Paucek P et al (1998) State-
dependent inhibition of the mitochondrial Karp channel by
glyburide and 5-hydroxydecanoate. J Biol Chem 273:
13578-13582



Mol Cell Biochem (2007) 306:231-237

237

217.

28.

Garlid KD, Paucek P, Yarov-Yarovoy V et al (1997) Cardio-
protective effect of diazoxide and its interaction with
mitochondrial ATP-sensitive K* channels. Possible mechanism
of cardioprotection. Circ Res 81:1072-1082

Grover GJ, Garlid KD (2000) ATP-sensitive potassium channels:
a review of their cardioprotective pharmacology. J Mol Cell
Cardiol 32:677-695

29. Tsuchiya K, Wang W, Giebisch G et al (1992) ATP is a coupling
modulator of parallel Na,K-ATPase-K-channel in the renal
proximal tubule. Proc Natl Acad Sci USA 89:6418-6422

@ Springer



	Interactions of K+ATP channel blockers with Na+/K+-ATPase
	Abstract
	Introduction
	Materials and methods
	Materials
	Enzyme preparations
	Na+/K+-ATPase assay
	Other assays
	Data analysis

	Results
	5-HD and other fatty acid effects on purified �Na+/K+-ATPase
	Glyburide effects on purified Na+/K+-ATPase 
	5-HD and glyburide effects on cardiac Na+/K+-ATPase

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


