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Abstract A short review of the role of cysteine and iron
in the progression of Parkinson’s disease is presented. The
complex chemistry of cysteine and iron and its interactions
are discussed and put into the context of oxidative stress
during neurodegeneration.
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Introduction

Parkinson’s disease (PD) is the most common neurode-
generative disease and affects approximately 2% of all
people over 65 in Europe [1]. It is characterised by loss of
dopaminergic neurons in the brain, particularly in the
substantia nigra, and, in the vast majority of cases, the
formation of Lewy bodies, which are abnormal aggregates
of protein comprised mainly of o-synuclein.

Cysteine is a non-essential amino acid and is important
for redox balance within the cell, signalling, and glutathi-
one synthesis. Iron is essential and used in many
metalloenzymes to carry out an array of chemical trans-
formations. However, concentrations of both species must
be regulated or they can have toxic effects. Cysteine/iron
interactions are themselves complex and have important
roles in the progression of neurodegeneration.

There is substantial evidence that the impairment of
Complex I of the mitochondrial respiratory chain has an
important role in the pathogenesis of PD [2]. Results from
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genetic studies [3] have shown that a threonine to alanine
polymorphism of dehydrogenase 3 of Complex I signifi-
cantly reduces risk of PD. Furthermore, administration of
Complex I inhibitors [4], i.e. 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), paraquat, and rotenone, repli-
cate many of the features of PD. This impairment of
Complex I suggests that oxidative stress is important in
PD [5] and this view is supported by oxidative damage to
DNA and protein that occurs in the brain during disease
progression.

Oxidative stress describes a large number of different
reactions involving many different participants. Oxidative
stress can be initiated by catecholamines in the presence of
iron and oxygen or peroxide leading to formation of
6-hydroxydopamine [6, 7]. Cysteine can also participate in
oxidative stress through its complicated chemistry involv-
ing redox, coordination, and nucleophilic reactions, which
are exacerbated by its interactions with the redox active
transition metal iron. Indeed, combination of cysteine and
iron has been reported to potentiate lipid peroxidation
through formation of hydroxyl radicals [8].

Concentrations and location of cysteine and iron

In vivo both iron and cysteine levels are strongly controlled
because of their potentially toxic effects. Iron is well
known to catalyse Fenton-type reactions when suitably
coordinated and a significant amount of work has been
carried out to investigate these types of reactions [9].
Likewise, the role of elevated levels of cysteine in neuro-
degeneration has been extensively discussed [10-17].
Cysteine is neuroexcitatory and is believed to interact with
the N-methyl-p-aspartate (NMDA) receptor [13], allowing
Ca”" ions to enter the cell leading to apoptosis. Because
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cysteine’s toxicity is attenuated by zinc cations, it has been
suggested that ZnCys complexes block the NMDA recep-
tors. Indeed, zinc binding to cysteine 1is strong
(logK; = 9.04, logK, = 8.50) and the stability constants
show zinc can compete successfully with iron (Table 2) for
the formation of a cysteine complex. Both these metals are
increased during PD [18], however, iron is in higher con-
centrations and reacts with cysteine to form cystine.
Table 1 collates representative data obtained from
patients with PD and controls. One can see that cysteine
levels are approximately 250 uM in plasma and this
increases after the onset of PD. Interestingly, this increase
appears to be higher after levodopa treatment, still the main
treatment of PD. Iron levels are also seen to increase dra-
matically after the onset of PD but only significantly in
the substantia nigra [19]. As can be seen from Table 1,
although there is an increase, the absolute values depend
upon how the samples are treated before measurement.

Chemical reactivity of cysteine and iron

Iron is present mainly as iron(II) and iron(Ill), although
it can reach higher oxidation states in highly oxidising
environments during the Fenton reaction [9]. Unless it is
complexed, iron(Ill) tends to form insoluble hydroxides
and oxides and iron(Il) is prone to oxidation at physio-
logical pHs. Iron’s chemistry is therefore dominated by
coordination compounds and its accessible redox potential
allows it to react with many different compounds. For
example, iron(II) tends to bind dioxygen whereas iron(IIl)
can oxidise organic compounds or initiate radical reactions.

Cysteine’s reactivity is dominated by the thiol group,
which can act as an excellent nucleophile when deproto-
nated and is easily oxidised. Reactions include the formation
of disulfides, thioethers, thioacetals, and thioesters.

Cysteine forms complexes with both iron(II) and
iron(Ill), binding stronger to iron(Ill). Binding appears to
occur through the amine nitrogen and the thiolate sulfur
judging by the structure of the non-haeme mono-iron
enzyme cysteine dioxygenase with substrate bound [20].
The iron(IIl) complexes are, however, not stable and
undergo internal electron transfer [21, 22] to form the thiyl
radical, which unless otherwise trapped, combines with
another thiyl radical to form cystine. It is this radical
chemistry that explains why the combination of cysteine
and iron has been reported to potentiate lipid peroxidation

[8].
Speciation

Iron is present mainly as iron(Ill) at pH 7 and with
suitable coordination, it is stabilised against precipitation
as hydroxo species. Iron(Il) is also present and in this
case is stabilised in vivo usually by strong-field nitrogen
donors.

At physiological pH the carboxyl group of cysteine is
deprotonated and the amine group is protonated. The value
of pKsy can largely be associated with logK; (8.13) due to
the large separation of the logK values although micro-
constants are available [23]. This value of pKsy means
that at physiological pHs the thiol is present in both pro-
tonated and deprotonated forms and this fact dominates
reactivity.

Table 1 Concentrations of cysteine and iron in both controls and patients with Parkinson’s disease

Location Control Patients with Parkinson’s disease
Cysteine [48] Plasma 220 uM 260 uM levodopa treated
Cysteine [49] Plasma 280 uM 490 puM levodopa treated

Total iron [18]
Total iron [50]

Substantia nigra

Substantia nigra

10,000 nmol/g dry weight
860 nmol/g fresh weight

340 puM before levodopa treatment
13,000 nmol/g dry weight
1,522 nmol/g fresh weight

Table 2 Physical data for cysteine and its interactions with iron

10.11°
6.66°

Protonation consts. logk,

Stability consts. Iron(II) logk;

8.13%
13.70¢

logK, logKs3 ~2°

Iron(II) logk;

To aid comparison, constants measured under similar temperatures and the same ionic strength have been chosen

*25°C, 0.1 M KNO; [51]

® Published values vary greatly; glass electrodes do not function properly at very low pHs

€ 20 °C, 0.1 M NaClO, [23]

425°C, 01 M KNO3;, determined through kinetic experiments as iron(IlI) oxidises cysteine anaerobically [52]
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Fig. 1 Reaction pathway by which 5-cysteinyldopamine can be
formed from iron(IIl), dopamine, and cysteine. In healthy cells,
5-cysteinyldopamine is used to form neuromelanin but during
neurodegeneration it may also further react to form toxic
benzathiazines

Cysteine as a nucleophile

The thiolate group acts as an extremely effective nucleo-
phile, able to attack quinones and other electrophiles. In
dopaminergic neurons (Fig. 1), cysteine is able to attack
the 5-position of dopaminoquinone to form 5-cysteinyl-
dopamine [24], which is an important component of
neuromelanin [25-28]. Neuromelanin is formed in dopa-
minergic neurons and is a polymer formed from oxidation
products of catecholamines. It forms spherical particles,
granules, of approximately 30 nm in diameter with a
pheomelanin core suggesting a kinetic model in which
cysteine is initially used up to form 5-cysteinyldopamine
before eumelanin is formed [27]. However, although cys-
teine reacts rapidly with quinones it seems to attenuate
melanin formation in vitro [24].

It is not known, however, whether cysteine addition to
dopaminoquinone is the source of 5-cysteinyldopamine in
vivo or whether initially glutathione attacks to form
5-glutathionyldopamine followed by cleavage by gamma-
glutamyl transpeptidase and peptidase [11]. Dopamino-
quinone itself is formed by oxidation of dopamine by
iron(IIT) [29] or oxygen [30] or both [7] and, indeed, all
catecholamines undergo similar chemistry [11]. Iron con-
centrations increase during the onset of Parkinson’s disease
(see Table 1) and this could be caused by 6-hydroxydop-
amine, formed from dopamine, releasing iron from the iron
storage protein ferritin [31]. The iron that is released could

then be bound to melanin [28, 32] where it could also
promote oxidative stress.

Work by Dryhurst [33-36] has shown that 5-cysteinyl-
dopamine is not the final product and the reduced redox
potential of subsequent species leads to a cascade of toxic
benzathiazines that have been shown to produce Parkinson-
type symptoms in rats [35, 36].

Cysteine oxidation

Cysteine can be oxidised in a number of different ways. One-
electron oxidation can occur anaerobically after complexa-
tion with iron(IIl) resulting in the thiyl radical [21, 22]. This
radical, in most cases, combines with another thiyl radical to
form cystine but can also combine with dioxygen to form the
thiol peroxyl radical [37]. Dioxygen is well known to oxidise
cysteine to form the disulfide. This reaction is catalysed by
ions of many transition metals including copper and iron
[38]. The kinetics are complicated because the peroxide
formed can also react. The main product is disulfide except
at low cysteine concentrations when sulfenate, sulfinate, and
sulfanate are also formed [39, 40].

Cysteine can also be oxidised by hypohalous acids [41]
and at high pH the sulfenate can be observed transiently
(although ultimately the main product is the disulfide with
small amounts of oxygenated products including the sulf-
inate). Because hypohalous acids are produced during
inflammatory response by myeloperoxidase a redox cas-
cade may start with the oxidation of cysteine [42] and
therefore these reactions may well be important in the
progression of oxidative stress. Indeed, myeloperoxidase
levels increase in patients suffering from PD [43].

Enzymatic breakdown of cysteine

The main enzymatic route for cysteine breakdown is given
in Fig. 2. The initial step involves the oxidation of the thiol
group to the sulfinate [44]. This reaction is catalysed by the
non-haeme mono-iron enzyme cysteine dioxygenase [45]
[CDO, (EC 1.13.11.20)]. In rats it has been shown that
CDO is degraded by the 26-S proteasome system [46]. The
ubiquitin—proteasome system is used to degrade misfolded
and damaged proteins. The 26-S proteasomes are multi-
subunit proteases found in the cytosol. A characteristic
feature of PD is the presence of Lewy bodies containing
normal and damaged proteins including ubiquitin, neuro-
filaments, parkin, o-synuclein, and others. It is not yet fully
understood how Lewy bodies are formed but this may be
linked to the ubiquitin—proteasome system failing [47]
leading to subsequent failing of the initial step of cysteine
oxidation by CDO.
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Fig. 2 The enzymatic pathway ) Glutamate Hypotaurine

by which cysteine is broken Cysteine decarboxylase oxidase

down via cysteine sulfinate in dioxygenase (PLP) (NADPH)

the brain. The cofactor for each Fe2+ C) ) O
enzyme is given in SH ( ) SO, SO, SOs
brackets. Fe** high-spin @ o + 02 @J: @ J/ @ J/
iron(Il), PLP pyridoxal-5'- HsN™ "CO, HsN C02e HaN HsN
phosphate, NADPH reduced

nicotinamide adenine Cysteine Cysteine sulfinate Hypotaurine Taurine

dinucleotide phosphate. The last
step from fS-sulfinylpyruvate to
pyruvate is believed to be
spontaneous

Conclusions

During the progression of PD the concentrations of cys-
teine and iron are allowed to significantly increase leading
to oxidative stress through a number of different mecha-
nisms. These processes include complex formation, redox
reactions, and enzymatic reactions. Although a large
amount of the basic chemistry of cysteine and iron is well
characterised there is still a lot that is not yet fully
understood about their role in vivo. For example the
underlying reasons for the lack of control of the concen-
trations of cysteine and iron remain a serious unresolved
problem. This area is proving to be a very fertile ground for
further research.

Acknowledgments 1 am grateful to Prof. R. F. Jameson and
Dr. V. J. A. Jameson for useful discussions and to the Marsden Fund
of the Royal Society of New Zealand for financial support.

References

1. de Rijk MC, Tzourio C, Breteler MM, Dartigues JF, Amaducci L,
Lopez-Pousa S, Manubens-Bertran JM, Alperovitch A, Rocca
WA (1997) J Neurol Neurosurg Psychiatry 62:10

2. Dawson TM, Dawson VL (2003) Science 302:819

3. van der Walt JM, Nicodemus KK, Martin ER, Scott WK, Nance
MA, Watts RL, Hubble JP, Haines JL, Koller WC, Lyons K,
Pahwa R, Stern MB, Colcher A, Hiner BC, Jankovic J, Ondo
WG, Allen FH, Goetz CG, Small GW, Mastaglia F, Stajich JM,
McLaurin AC, Middleton LT, Scott BL, Schmechel DE, Pericak-
Vance MA, Vance JM (2003) Am J Hum Genet 72:804

4. Sherer TB, Betarbet R, Greenamyre JT (2002) Neuroscientist
8:192

5. Sayre LM, Perry G, Smith MA (2008) Chem Res Toxicol 21:172

6. Linert W, Herlinger E, Jameson RF, Kienzl E, Jellinger K,
Youdim MBH (1996) Biochim Biophys Acta 1316:160

7. Napolitano A, Pezzella A, Prota G (1999) Chem Res Toxicol
12:1090

@ Springer

Aminotransferase l
(PLP)

s0Y

/IA/G)

Cco;

(0]
— )J\co§> + SOg2
(0)
Pyruvate

B-Sulfinylpyruvate

11.
12.

13.

15.

16.

18.

19.

20.

21.

22.

23.
24.

25.

26.

217.

28.

29.

30.

. Searle AJ, Willson RL (1983) Biochem J 212:549
. Groves JT (2006) J Inorg Biochem 100:434
. Gazit V, Ben-Abraham R, Coleman R, Weizman A, Katz Y

(2004) Amino Acids 26:163

Linert W, Jameson GN (2000) J Inorg Biochem 79:319
McBean G (2007) 7 Sulfur-containing amino acids. In: Lajtha A,
Oja S, Schousboe A, Saransaari P (eds) Handbook of neuro-
chemistry and molecular neurobiology. Springer, USA

Olney JW, Zorumski C, Price MT, Labruyere J (1990) Science
248:596

. Puka-Sundvall M, Eriksson P, Nilsson M, Sandberg M, Lehmann

A (1995) Brain Res 705:65

Stipanuk MH, Dominy JE Jr, Lee JI, Coloso RM (2006) J Nutr
136:1652S

Townsend DM, Tew KD, Tapiero H (2004) Biomed Pharmac-
other 58:47

. Janaky R, Varga V, Hermann A, Saransaari P, Oja SS (2000)

Neurochem Res 25:1397

Dexter DT, Wells FR, Lees AJ, Agid F, Agid Y, Jenner P,
Marsden CD (1989) J Neurochem 52:1830

Gerlach M, Benshachar D, Riederer P, Youdim MBH (1994) J
Neurochem 63:793

Ye S, Wu X, Wei L, Tang DM, Sun P, Bartlam M, Rao ZH
(2007) J Biol Chem 282:3391

Jameson RF, Linert W, Tschinkowitz A (1988) J Chem Soc
Dalton Trans 2109

Jameson RF, Linert W, Tschinkowitz A, Gutmann V (1988) J
Chem Soc Dalton Trans 943

Berthon G (1995) Pure Appl Chem 67:1117

Jameson GNL, Zhang J, Jameson RF, Linert W (2004) Org
Biomol Chem 2:777

Wakamatsu K, Fujikawa K, Zucca FA, Zecca L, Ito S (2003) J
Neurochem 86:1015

Zecca L, Zucca FA, Wilms H, Sulzer D (2003) Trends Neurosci
26:578

Bush WD, Garguilo J, Zucca FA, Albertini A, Zecca L, Edwards
GS, Nemanich RJ, Simon JD (2006) Proc Natl Acad Sci U S A
103:14785

Zecca L, Mecacci C, Seraglia R, Parati E (1992) Biochim Bio-
phys Acta 1138:6

ElAyaan U, Herlinger E, Jameson RF, Linert W (1997) J Chem
Soc Dalton Trans 2813

Herlinger E, Jameson RF, Linert W (1995) J Chem Soc Perkin
2:259



Tron, cysteine and Parkinson’s disease

329

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.

Jameson GNL, Jameson RF, Linert W (2004) Org Biomol Chem
2:2346

Double KL, Gerlach M, Schunemann V, Trautwein AX, Zecca L,
Gallorini M, Youdim MBH, Riederer P, Ben-Shachar D (2003)
Biochem Pharmacol 66:489

Shen XM, Dryhurst G (1996) Chem Res Toxicol 9:751

Shen XM, Dryhurst G (1998) Chem Res Toxicol 11:824

Shen XM, Zhang F, Dryhurst G (1997) Chem Res Toxicol 10:147
Zhang F, Dryhurst G (1994) J Med Chem 37:1084

Sevilla MD, Yan MY, Becker D (1988) Biochem Biophys Res
Commun 155:405

Ehrenberg L, Harmsringdahl M, Fedorcsak I, Granath F (1989)
Acta Chem Scand 43:177

Claiborne A, Miller H, Parsonage D, Ross RP (1993) FASEB J
7:1483

Enami S, Hoffmann MR, Colussi AJ (2009) J Phys Chem B
113:9356

Nagy P, Ashby MT (2007) J Am Chem Soc 129:14082
Hawkins CL, Pattison DI, Davies MJ (2003) Amino Acids 25:259

43.

44,

45.

46.

47.

48.
49.

50.

51.
52.

Choi D-K, Pennathur S, Perier C, Tieu K, Teismann P, Wu D-C,
Jackson-Lewis V, Vila M, Vonsattel J-P, Heinecke JW, Przed-
borski S (2005) J Neurosci 25:6594

Siakkou E, Wilbanks SM, Jameson GNL (2010) Anal Biochem
405:127

Kleffmann T, Jongkees SAK, Fairweather G, Wilbanks SM,
Jameson GNL (2009) J Biol Inorg Chem 14:913

Dominy JE, Hirschberger LL, Coloso RM, Stipanuk MH (2006)
Biochem J 394:267

McNaught KSP, Olanow CW, Halliwell B, Isacson O, Jenner P
(2001) Nat Rev Neurosci 2:589

Muller T, Kuhn W (2009) Mov Disord 24:929

Heafield MT, Fearn S, Steventon GB, Waring RH, Williams AC,
Sturman SG (1990) Neurosci Lett 110:216

Sofic E, Riederer P, Heinsen H, Beckmann H, Reynolds GP,
Hebenstreit G, Youdim MBH (1988) J Neural Transm 74:199
Lenz GR, Martell AE (1964) Biochemistry 3:745

Jameson RF, Linert W (1991) Monatsh Chem 122:887

@ Springer



	Iron, cysteine and Parkinson’s disease
	Abstract
	Introduction
	Concentrations and location of cysteine and iron
	Chemical reactivity of cysteine and iron
	Speciation
	Cysteine as a nucleophile
	Cysteine oxidation

	Enzymatic breakdown of cysteine
	Conclusions
	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


