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Abstract The classical role of PCr is seen as a reservoir
of high-energy phosphates defending cellular ATP levels
under anaerobic conditions, high rates of energy transfer
or rapid fluctuations in energy requirement. Although the
high concentration of PCr in glycolytic fast-twitch fibers
supports the role of PCr as a buffer of ATP, the primary
importance of the creatine kinase (CK) reaction may in
fact be to counteract large increases in ADP, which could
otherwise inhibit cellular ATPase-mediated systems. A
primary role for CK in the maintenance of ADP
homeostasis may explain why, in many conditions, there
is an inverse relationship between PCr and muscle con-
tractility but not between ATP and muscle contractility.
The high rate of ATP hydrolysis during muscle contrac-
tion combined with restricted diffusion of ADP suggests
that ADP concentration increases transiently during the
contraction phase (ADP spikes) and that these are syn-
chronized with the contraction. The presence of CK,
structurally bound in close vicinity to the sites of ATP
utilization, will reduce the amplitude and duration of the
ADP spikes through PCr-mediated phosphotransfer. When
PCr is reduced, the efficiency of CK as an ATP buffer
will be reduced and the changes in ADP will become
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more prominent. The presence of ADP spikes is supported
by the finding that other processes known to be activated
by ADP (i.e. AMP deamination and glycolysis) are
stimulated during exercise but not during anoxia, despite
the same low global energy state. Breakdown of PCr is
driven by increases in ADP above that depicted by the
CK equilibrium and the current method to calculate
ADPfree from the CK reaction in a contracting muscle is
therefore questionable.
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Introduction

Phosphorylcreatine (PCr) is mainly present in tissues with
high rates of energy demand (i.e. skeletal muscle, cardiac
muscle and brain). The higher concentration in fast-twitch
fibers reflects the role of PCr in buffering cellular ATP
during conditions of high rates of energy demand or oxy-
gen deficiency. In addition to the well-established role as a
temporal buffer of ATP, there is strong evidence that the
CK reaction has an important role (a) as a spatial buffer of
ATP (Wallimann et al. 1992), (b) in the control of oxida-
tive phosphorylation (Bessman and Geiger 1981, Saks et al.
1976) and (c) as a buffer of protons.

This short report will highlight some questions related to
the CK reaction: (a) What is the primary function of the CK
reaction: to defend ATP concentration or to prevent
increases in ADP? (b) Is the CK reaction at equilibrium in a
contracting muscle and can the metabolically active form
of ADP (ADPfree) be calculated from the CK equilibrium?
and (c) Why is it that glycolysis cannot support resynthesis
of PCr?
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Role of PCr as a temporal buffer: to defend ATP
content or to prevent increases in ADP

It has been known for a long time that a decline in PCr is
related to a reduced force-generating capacity (Lundsgaard
1930), although the underlying mechanism is not clear. The
muscle store of ATP is well protected by an efficient
buffering by the CK reaction and the decrease in ATP is, in
most cases, rather small even after intensive exercise to
fatigue (<10%). However, since muscle content of ADP is
at least 10 times lower than that of ATP, even a small
decrease in ATP will lead to a large increase in ADP.
Increases in ADP will reduce the energy release during
ATP hydrolysis and may also reach concentrations that
impair the ATPase reactions. As such, the primary function
of the CK reaction in muscle energetics might be to prevent
large increases in ADP rather than to defend the cellular
ATP concentration.

The interior of the muscle cell is highly structurally
organized and there is evidence that the diffusion of ADP is
severely restricted (Wallimann et al. 1992), probably due to
interaction with actin and myosin. This forms a system of
subcellular compartments, where during muscle contrac-
tion, ADP increases transiently above that in the bulk
phase. The contracting muscle will, therefore, be charac-
terized by fluctuating ADP levels synchronized with the
contraction at the sites of ATP utilization. The presence of
isozymes of CK structurally bound in close vicinity to the
sites of ATP utilization (myosine-ATPase, Ca-ATPase and
Na*/K*-ATPase) will reduce the amplitude and duration
of the transient increases in ADP (ADP spikes) through
PCr-mediated phosphotransfer. During conditions of
reduced PCr levels the CK buffering will be less efficient
or absent and the amplitude and duration of ADP spikes
will become larger (Fig. 1), eventually reaching a con-
centration that impairs the contraction process. There is
evidence that the presence of PCr is essential for main-
taining adequate function of the contractile system and that
this cannot be replaced by maintained high levels of ATP
(for references see Wallimann et al. 1992).

Fig. 1 Schematic graph
showing hypothetical changes
in ADP occurring locally in the
cell close to the site of ATP

Studies with time-resolved magnetic resonance spec-
troscopy (MRS) have shown that PCr changes during the
contraction cycle of a twitch (Chung et al. 1998). Within
16 ms after initiation of the twitch PCr decreased by 11.3%
followed by a rapid (within 40 ms) reversal back to the
steady state value. The changes in PCr correspond to
changes in ADP occurring in the opposite direction. These
findings demonstrate that there are rapid fluctuations in
energy state, synchronized with the contraction, which
occur within milliseconds. The measured decrease in PCr
(3 pmol/g/twitch) is 17 times higher than the estimated
energy turnover in the whole muscle and suggests that the
changes in PCr observed with MRS occurred in localized
cellular regions different from the cytosolic bulk phase. To
drive the CK reaction in the forward direction (PCr
breakdown) there is a kinetic necessity that ADP increases
above that predicted from the CK equilibrium. Given the
kinetic constraints of the CK reaction, it was calculated that
ADP must increase 14-fold to account for the rapid forward
CK flux rate during contraction (Chung et al. 1998). This is
much higher than the twofold increase in ADP calculated
to occur in the bulk phase during the actual contraction
(Meyer and Foley 1996) and is consistent with the idea of
contraction-induced ADP spikes occurring in the vicinity
of ATP utilization.

Further evidence for contraction-induced increases in
ADP above the steady-state level comes from measure-
ments of the product of adenine nucleotide catabolism.
Increases in ADP will, due to the high activity of adenylate
kinase (AK), increase AMP concentration, which will
activate AMP deaminase and result in deamination of AMP
to inosine monophosphate (IMP). The AMP deaminase
reaction is irreversible, which is in contrast to the CK and
AK reactions. The IMP level will, therefore, show the flux
rate integrated over the exercise period and will reflect the
magnitude of increases in AMP and ADP. The concentra-
tion of IMP is very low in non-active muscle and after low-
intensity exercise but shows a pronounced increase after
exhaustive exercise (Sahlin et al. 1978). Recovery of
muscle energetics is dependent upon oxygen supply. When
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blood flow is occluded after exercise PCr is maintained at a
low level. However, despite a low PCr (reflecting increased
steady-state levels of ADP and AMP) AMP deamination is
blunted when contraction is terminated (Sahlin et al. 1990).
IMP formation is thus closely related to the contraction
phase and this is consistent with the idea that large
increases in ADP and AMP occur during the actual
contraction.

CK equilibrium and ADPfree

The concentration of adenine nucleotides (ATP, ADP and
AMP) has a crucial role in the control of the ATP yield
and the ATP-utilizing reactions (Atkinson 1968). Total
cellular content of ADP and AMP is less than 1 and
0.1 mM, respectively, which is about 10 and 1% of the
ATP content. Furthermore, the major part of ADP and
AMP is considered to be bound to proteins or otherwise
sequestered. The concentrations of the metabolically
active form of ADP (ADPfree) and AMP (AMPfree) are
therefore very low. A major challenge in the under-
standing of the control of muscle energetics is to deter-
mine the concentrations of the metabolically active forms
of ADP and AMP during different conditions. Veech
et al. (1979) compared the mass-action ratios of enzy-
matic reactions known to be close to equilibrium (CK,
AK and the combined glyceraldehyde-3-phosphate dehy-
drogenase/3-phosphoglycerate kinase) with that in vitro.
They concluded that a large part of ADP was not avail-
able to the cytosolic enzymes and that the concentration
was about 20-fold lower than the whole tissue content.
The results from this work and the accompanying paper
(Lawson and Veech 1979) form the basis for the current
convention to calculate ADPfree from the CK equilibrium
and subsequently AMPfree from the AK equilibrium.
Using this procedure it can be calculated that the con-
centrations of ADPfree and AMPfree, in human skeletal
muscle at rest, are only 0.02 and 0.00007 mM, which
corresponds to 2 and 0.2% of the total tissue content
determined after acid extraction. Although being an
established method in muscle energetics, calculation of
ADPfree from the CK reaction has some limitations,
which under certain conditions may give erroneous
results.

MRS measures only phosphorous metabolites, which
are free in the cytosol (i.e. the metabolic active forms and
will not detect phosphorous metabolites bound to proteins).
The concentrations of ADPfree, however, are too low and
appear superimposed on the ATP signal, meaning that they
cannot normally be observed with MRS. However, in
experiments with transgenic mice with ablated AK
enzyme, muscle contraction elicited a large increase in

ADP, which was visible with MRS (Hancock et al. 2005a).
The observed concentration of ADP was 1.7 mM and was
similar to the increase in total muscle content of ADP as
measured after acid extraction. In contrast, calculation of
ADPfree from the CK equilibrium, using the data pre-
sented by Hancock (Hancock et al. 2005b), gives a con-
centration of 0.04 mM or only about 2% of that actually
measured. The large difference between measured ADP-
free (MRS) and calculated ADP could possibly be due to
the fact that MRS only measures ADP in a localized
metabolically active region. Alternatively, calculation of
ADPfree from the CK equilibrium in a contracting muscle
is not correct.

Calculations of ADPfree from the CK equilibrium are
based upon the assumptions that (a) [Mg2+] is maintained
at 1 mM, (b) total tissue contents of ATP, PCr and Cr are
available to the CK reaction and (c) the CK reaction is near
equilibrium. As previously discussed, the assumption of
near-equilibrium conditions can be questioned during
conditions of rapid changes in the PCr/Cr system, such as
during intensive muscle contraction. Kinetic calculations
show that ADPfree must be 2-14 times higher than that
predicted from the CK equilibrium during contraction
(Chung et al. 1998; Meyer and Foley 1996). Considering
the critical importance of the adenine nucleotides in met-
abolic regulation, further studies with alternative tech-
niques are required to determine ADPfree in a contracting
muscle.

PCr resynthesis

During the recovery from exercise there is a rapid resyn-
thesis of PCr back to or above the pre-exercise value. The
time course of PCr resynthesis has two phases, where the
first dominating phase has a half-time of about 22 s and the
latter phase about 3 min (Harris et al. 1976). There is
evidence that the latter (slower) phase is dependent on the
rate of pH recovery and is absent during conditions without
lactic acidosis (McMahon and Jenkins 2002). PCr resyn-
thesis is dependent on ATP provision, which theoretically
could be provided either from oxidative phosphorylation or
substrate phosphorylation (i.e. glycolysis). However,
experiments in humans have shown that resynthesis of PCr
is completely blocked when oxygen supply to the muscle is
prevented by local circulatory occlusion (Harris et al. 1976;
Quistorff et al. 1993; Dawson et al. 1980). When muscle
samples, taken after exhaustive exercise that resulted in
depleted PCr stores, were incubated for 15 min in anaer-
obic atmosphere (N, + 5% CO,), PCr remained at a low
level without any signs of resynthesis (Sahlin et al. 1979).
In contrast, when muscle samples were incubated in the
presence of oxygen (O, + 5%CO,), PCr was restored back
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to the basal level (Sahlin et al. 1979). These experiments
clearly demonstrate that resynthesis of PCr can only occur
with ATP derived from oxidative phosphorylation and that
glycolysis is unable to provide the required ATP. The
initial rate of PCr resynthesis was suggested to be a mea-
sure of the maximal rate of oxidative phosphorylation and
thus of the muscle oxidative potential (Hultman et al.
1981). Later studies have confirmed that the rate of PCr
resynthesis is correlated with muscle oxidative potential
(Takahashi et al. 1995).

The absence of PCr resynthesis during anaerobic
conditions demonstrates that glycolysis is unable to
support PCr resynthesis. Since the prevailing low PCr
reflects increased levels of ADP and AMP it was argued
that glycolysis is activated by factors other than the
energy state and that the close association between gly-
colysis and contraction implies that glycolysis is acti-
vated by increases in cytosolic Ca** (Conley et al. 1997;
Wilkie et al. 1984). In a recent experiment, this
hypothesis was tested by pharmacological blockade of
the cross-bridge cycle with BTS, which reduced energy
turnover by approximately 40% (Ortenblad et al. 2009)
without changes in Ca®" transients. The results from this
study demonstrated that the control of glycolysis was
indeed related to energy state and are contrary to the
hypothesis that Ca*" is the major trigger of glycolysis.
The inability of substrate phosphorylation to support PCr
resynthesis during anaerobic conditions may relate to the
fact that activation of glycolysis requires more pro-
nounced increases in ADP and AMP than the steady-
state levels depicted by the CK and AK equilibrium. The
hypothesis of large increases in ADP and AMP occurring
at the sites of ATP utilization during the actual con-
traction could be the explanation for the close associa-
tion between the contraction process and activation of
glycolysis.

Concluding remarks

The high rate of energy release during exercise results in
increases in ADP above that calculated from the CK
equilibrium. The restricted diffusion of ADP and the
presence of CK at the ATP-utilizing sites suggest that
contraction-induced ADP spikes occur in localized cellular
regions. The presence of ADP spikes in contracting muscle
is supported by measurements with time-resolved MRS and
by the observed association between contraction and ADP-
dependent processes such as AMP deamination and gly-
colysis. Using the CK equilibrium to calculate ADPfree
will not provide an accurate representation of the rapid
fluctuation in energy metabolism that occurs in a con-
tracting muscle.

@ Springer

Acknowledgments The authors’ research is supported by The
Swedish Research Council Project 20654.

References

Atkinson DE (1968) The energy charge of the adenylate pool as a
regulatory parameter. Interaction with feedback modifiers.
Biochemistry 7:4030-4034

Bessman SP, Geiger PJ (1981) Transport of energy in muscle: the
phosphorylcreatine shuttle. Science 211:448-452

Chung Y, Sharman R, Carlsen R et al (1998) Metabolic fluctuation
during a muscle contraction cycle. Am J Physiol 274:C846—
C852

Conley KE, Blei ML, Richards TL et al (1997) Activation of
glycolysis in human muscle in vivo. Am J Physiol 273:C306—
C315

Dawson MJ, Gadian DG, Wilkie DR (1980) Studies of the biochem-
istry of contracting and relaxing muscle by the use of *'P n.m.r.
in conjunction with other techniques. Philos Trans R Soc Lond B
Biol Sci 289:445-455

Hancock CR, Brault JJ, Wiseman RW et al (2005a) *'P-NMR
observation of free ADP during fatiguing, repetitive contractions
of murine skeletal muscle lacking AK1. Am J Physiol Cell
Physiol 288:C1298-C1304

Hancock CR, Janssen E, Terjung RL (2005b) Skeletal muscle
contractile performance and ADP accumulation in adenylate
kinase-deficient mice. Am J Physiol Cell Physiol 288:C1287-
C1297

Harris RC, Edwards RH, Hultman E et al (1976) The time course of
phosphorylcreatine resynthesis during recovery of the quadriceps
muscle in man. Pflugers Arch 367:137-142

Hultman E, Sjoholm H, Sahlin K et al (1981) Glycolytic and
oxidative energy metabolism and contraction characteristics of
intact human muscle.) Human muscle fatigue: physiological
mechanisms. London, Pitman Medical Ltd, 19-40

Lawson JW, Veech RL (1979) Effects of pH and free Mg>" on the
Keq of the creatine kinase reaction and other phosphate
hydrolyses and phosphate transfer reactions. J Biol Chem
254:6528-6537

Lundsgaard E (1930) Untersuchungen uber Muskelkontraktionen
ohne Milchsaurebildung. Biochem Z 217:162-177

McMahon S, Jenkins D (2002) Factors affecting the rate of
phosphocreatine resynthesis following intense exercise. Sports
Med 32:761-784

Meyer RA, Foley JM (1996) Cellular processes integrating the
metabolic response to exercise. In: Rowell LB, Shepherd JT
(eds) Handbook of physiology. New York, Oxford University
Press, pp 841-869

Ortenblad N, Macdonald WA, Sahlin K (2009) Glycolysis in
contracting rat skeletal muscle is controlled by factors related
to energy state. Biochem J 420:161-168

Quistorff B, Johansen L, Sahlin K (1993) Absence of phosphocreatine
resynthesis in human calf muscle during ischaemic recovery.
Biochem J 291(3):681-686

Sahlin K, Palmskog G, Hultman E (1978) Adenine nucleotide and
IMP contents of the quadriceps muscle in man after exercise.
Pflugers Arch 374:193-198

Sahlin K, Harris RC, Hultman E (1979) Resynthesis of creatine
phosphate in human muscle after exercise in relation to
intramuscular pH and availability of oxygen. Scand J Clin Lab
Invest 39:551-558

Sahlin K, Gorski J, Edstrom L (1990) Influence of ATP turnover and
metabolite changes on IMP formation and glycolysis in rat
skeletal muscle. Am J Physiol 259:C409-C412



Creatine kinase reaction and muscle energetics

1367

Saks VA, Lipina NV, Smirnov VN et al (1976) Studies of energy
transport in heart cells. The functional coupling between
mitochondrial creatine phosphokinase and ATP ADP translo-
case: kinetic evidence. Arch Biochem Biophys 173:34-41

Takahashi H, Inaki M, Fujimoto K et al (1995) Control of the rate of
phosphocreatine resynthesis after exercise in trained and
untrained human quadriceps muscles. Eur J Appl Physiol Occup
Physiol 71:396-404

Veech RL, Lawson JW, Cornell NW et al (1979) Cytosolic
phosphorylation potential. J Biol Chem 254:6538-6547

Wallimann T, Wyss M, Brdiczka D et al (1992) Intracellular
compartmentation, structure and function of creatine kinase
isoenzymes in tissues with high and fluctuating energy demands:
the ‘phosphocreatine circuit’ for cellular energy homeostasis.
Biochem J 281(1):21-40

Wilkie DR, Dawson MJ, Edwards RH et al (1984) *'P NMR studies
of resting muscle in normal human subjects. Adv Exp Med Biol
170:333-347

@ Springer



	The creatine kinase reaction: a simple reaction with functional complexity
	Abstract
	Introduction
	Role of PCr as a temporal buffer: to defend ATP content or to prevent increases in ADP
	CK equilibrium and ADPfree
	PCr resynthesis
	Concluding remarks
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


