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Complexes of Iron(II) with Cysteine-Containing
Peptides in the Gas Phase

Olga V. Nemirovskiy and Michael L. Gross
Department of Chemistry, Washington University, St. Louis, Missouri

Gas-phase interactions of pep tides that contain cysteine with iron(II) atoms were examined
by using fast-atom bombardment and tandem mass spectrometry. Specific and strong
interactions of iron and sulfur from the thiol group of the cysteine side chain occur in the gas
phase and are the basis for highly specific fragmentation to give abundant [an - 2H + Fe]+
ions. For peptides that contain two cysteines, an internal ion, which results from the
interaction of Fe and both thiol groups, is formed upon collisional activation. The mechanism
for the formation of [a" - 2H + Fe]+ fragment ions requires the metal to be coordinated at
sulfur in close proximity to the site of reaction. Iron-bistpentapeptide) complexes, which
form under the same conditions, decompose predominantly to lose a pentapeptide molecule
and, to a lesser extent, to give [a" - 2H + Fe]+ ions. (J Am Soc Mass Spectrom 1996, 7,
977-980)

M
otivations to study metal-peptide complexes
in the gas phase are to understand intrinsic
binding of peptides and metal ions and to

develop new approaches to structure determination of
pep tides [1-14]. Most recent efforts in this emerging
mass-spectrometric area are directed at the nature of
interactions of small pep tides and alkali [1-5], alka
line-earth [8-10], and transition metals [11-14] .

When cationized by alkali metals, pep tides undergo
a predominant rearrangement reaction and produce
lb, + Cat + OH]+ ions [I, 6, 7]. The most abundant
fragment obtained upon collisional activation (CA) re
veals the identity of the C-terminal amino acid. Signif
icant structural information also can be obtained from
the investigation of pep tides cationized by
alkaline-earth metal ions [8-11]. Positively charged
species [8, 10] such as [peptide - H + Cat]" decom
pose to form a and c-ions, which indicate that the
predominate binding sites involve either amide or
side-chain groups. Negatively charged complexes that
involve divalent metal ions [9] [peptide - 3H + Cat]"
display a much stronger interaction, and fragment
upon collisional activation to give a series of x, y, and
zions.

Transition metals offer the most diverse and inter
esting chemistry by formation of a variety of com
plexes with pep tides [11-18]. Unlike the alkali and
alkaline-earth metals, where the bonding is predomi
nantly electrostatic in origin, the coordination com-
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plexes of transition metals with peptides should ex
hibit binding with a substantial degree of ·covalence.

Metal ion-peptide bonding in the gas phase may
involve not only peptide linkages, but also side chains.
Examples of the latter are the interactions of
alkali-metal ions with a basic site of the side chain, the
bonding of Zn, Co, Ni [13, 17, 18], and Cu [18] with the
imidazole nitrogen of the His side chain, the bonding
of transition metal ions with the aromatic ring of Tyr
or Phe [14], and the interaction of alkaline-earth metal
ions with the -OH group of peptides that contain the
protic amino acids Asp, Glu, and Tyr [10]. Because
metal ion-binding sites on the side chains of pep tides
play an important role in the biochemistry, further
study of the intrinsic interactions in the gas phase is of
interest.

The interaction of Fe ions and sulfides is common in
all forms of life, and these groups are found at the
active centers of a wide variety of redox and catalytic
proteins, such as ferrodoxins, rubredoxins, and metallo
enzymes. In most ferrodoxins and in all rubredoxins
the protein ligands are cysteines, which provide thio
late donors to the Fe center [IS, 16, 19, 20]. On the
basis of evidence that the iron atoms are usually held
in the proteins by cysteine ligands, we decided to
examine the interactions of Fe(II) and sulfur-containing
pep tides and to test whether iron can be used as an
"indicator" of the location of the cysteine residues in
peptides. The strategy is to desorb Fe(II) complexes of
cysteine-containing pep tides by fast-atom bombard
ment (FAB) and cause them to undergo collisionally
activated decompositions (CAD). In this article, we
show data that this strategy works well for a series of
pentapeptides that contains Cys at various positions.
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Figure 1. The CAD spectra of cysteine-containing penta pep
tides, desorbed as [M - H + Fel+ complexes of (A) VGACL, (8)
VGCAL, (C) VCGAL (mlz 516), and (D) GCACL (mlz 519).

are not observed. According to the mechanism, iron
ions bond to the peptide near to the N-terminus, leav
ing the C-terminal carboxylate free of the metal.

The formation of [all - 2H + Fe]+ ions may pro
ceed by two mechanisms that differ in the source of
the transferred hydrogen. One mechanism involves
amide-hydrogen transfer (Scheme I), whereas the other
includes a rearrangement of a f3-hydrogen. Isotope
labeling experiments show that the only detectable
hydrogen transferred is an amide hydrogen. Replacing
all active hydrogens by deuterium, we observed that
the ironfll) complex of VGCAL-ds decomposes to an a 3

type ion of mlz 289. A similar mechanism was re
ported by Hu et al. [14] for the formation of [all - H]+
ions from the transition metal-peptide complexes that
contained Phe and Tyr residues. The mechanism in
Scheme I is facilitated because the N - H bond is
weakened (the acidity of the NH is increased) as a
result of coordination of the amide to the Fe center.

Formation of abundant [a ll - 2H + Fe]+ fragment
ions upon collisional activation does not rule out alter
native binding of Fe(II) to the peptides. Other less
abundant fragment ions, such as of mlz 254 for VG
CAL, 269, 257 for VCGAL, and 198 and 270 for GCACL,

Results and Discussion

Upon FAB desorption, complexes were introduced into
the gas phase as [peptide - H + Fe]" complexes. The
abundances of these ions are comparable to those of
protonated species formed under the same conditions.
To form these monopositive complexes, one proton is
removed and replaced with the metal ion. The likely
proton-donor sites are the carboxyl group of the C
terminal amino acid, the amide groups of the peptide
bonds, and the thiol group of the Cys side chain. The
first two groups are classified as hard ligands, whereas
the thiol group is considered soft. According to the
hard-soft-acid-base theory [21, 22], hard metal ions
prefer to bind to hard ligands, whereas soft metal ions
will form the most stable complexes by binding to soft
ligands. Fe(II) is a borderline acid, and it can bind to
both hard and soft ligands. Binding to soft ligands,
however, will result in a greater degree of covalence
and lead to more stable complexes. Therefore, we
expect that the thiol group of the cysteine side chain
will be the primary proton donor. This expectation is
also supported by experimental data: (1) the loss of a
H20 molecule requires the presence of a free OH
group at the C-terminus and (2) binding to the various
amide nitrogens should lead to a more complicated
CAD spectra than is observed (see Figure 1).

Formation of [an - 2H + Fe]" Ions

The position of the Cys residue in the pentapeptide
iron complexes strongly influences the fragmentation
when the complexes are subjected to collisional activa
tion in a tandem mass spectrometer. Specific interac
tions of the iron atoms with the thiol group of the Cys
side chain are the basis for highly specific fragmenta
tion to give abundant [an - 2H + Fe]" ions, where n
is the position of the Cys residue with respect to the
N-terminus of the peptide backbone (see Figure 1).

The first three peptides, VGACL, VGCAL, and VC
GAL, whose CAD spectra are shown in Figure 1 are
isomeric and contain only one cysteine residue. The
fourth peptide (Figure Id) contains two cysteines, lo
cated one amino acid apart. The CAD spectra of the
first three peptide-iron complexes are very simple and
are dominated by two ions, one of which is formed by
loss of water to give the product of mlz 498; the
others are the [an - 2H + Fe]+ ions (of mlz 357,286,
and 229 as seen in Figure la, b, and c, respectively).

The loss of H 20 is facile because all peptides stud
ied here contain a free C-terminal amino acid . The
proposed mechanism for the loss of 18 from the pre
cursor ions is similar to that reported by Teesch and
Adams [8], and proceeds through the formation of
four-membered rings and involves a-hydrogen trans
fer. Other possible sources of the hydrogen, such as the
I3-position of the C-terminal amino acid side chain or
the amide group, are not considered because they lead
to losses of CO2 and H 2C02 (H 20 and CO) [11], which
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may indicate that the precursor ions are heterogeneous
in structure.

Formation of an Internal Ion

For the pentapeptide that contains two Cys residues
(Figure Id), the metal ion primarily binds at these
residues and at the amide nitrogens located between
them (Scheme IT) to form a structure that gives an
internal ion of m/z 306. Furthermore, the collisional
activation of GCACL gives the expected, although less
abundant, [a, - 2H + Fe]+ ion of mr z 361, whereas
formation of [a2 - 2H + Fe]+ ions of m/z 286 is sup
pressed. The strong interaction between Fe and both
sulfurs directs the fragmentation to the periphery of
both cysteines. The structure of the internal ion is
similar to those in redox proteins where there are
tetrahedral sites that contain one Fe and one S [15].

Decomposition of lron-Bisil'entapeptide) Complexes

Gas-phase iron-bislpentapeptide) complexes also form
upon FAB ionization. When submitted to collisional
activation (CA), these bis complexes decompose pre
dominantly by losing one pentapeptide to form an
iron-bound pentapeptide (note the ion of m/z 516 in
Figure 2). Iron oxidation also accompanies the loss of a
peptide radical [peptide + H '] that leads to the forma
tion of ironfllll-bound- pentapeptide complexes of the
composition [M - 2H + Fe(III)]+ of m/z 515. One
electron oxidation of iron(II) is common for Fe-S-con
taining redox proteins, such as ferrodoxins and rubre
doxins [15]. In addition, abundant ions (of m/z 548
and 484) of 32 u higher and lower than the mass of the
Fe-pentapeptide are formed, and they are likely to be
[peptide - H + Fe + S]+ and [peptide - H + Fe 
S]+ ions. The mechanism for the formation of these
ions may involve an oxidation of two thiol groups to
give an -S-S- bond. For one ion, the disulfide
bond is retained in the iron-bound-bistpentapeptide)
complex, whereas for the other ion it is lost as a part of
the neutral (Scheme III).

The [all - 2H + Fe]" ions also form from bistpenta
peptide) complexes, Their precursor is likely to be the
first-generation iron-bound peptide fragment that is
formed from the bistpentapeptide) complex. Other a
type sequence ions that arise from either the m/z 548
or 484 precursor ions also are formed upon collisional

·2CO

. NHaCHR,

. NH2-

activation. For the iron-bound-bis(VGCAL) complex,
both ions (i.e., those of m/z 318 and 254) that are 32
units different from the corresponding [all - 2H +
Fe]+ ion are present. Decomposition of the iron
bound-bis(VGACL) complex gives only the [a4 

2H + Fe - S]+ fragment ion and no [a2 - 2H + Fe +
S]+ or [a2 - 2H + Fe - S]+ ions.

In summary, specific and strong interaction of
irontll) with the thiol group of Cys-containing pep
tides, along with chelation to amide and amine nitro
gens, occurs in the formation of metal-ion cationized
pep tides in the gas phase. These strong interactions
lead to the formation of complexes that principally
fragment to give the [a ll - 2H + Fe]+ ions that form at
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the sites of the cysteine residue. The product ions
themselves are likely to be stable because the Fe-S
interaction is preserved in the fragmentation.

These results provide encouragement for further
investigation of Fe-S interactions in peptides and for
development of a method to locate cysteines and pos
sibly disulfide bonds in small proteins and in peptide
fragments in digests. Future work will include investi
gation of larger peptides with different number of Cys
residues to determine the most stable coordination
geometry of the iron-peptide complexes in the gas
phase. Different transition metals also will be studied
to test the specificity and generality of the interaction.

Experimental

The peptides used in this work were synthesized man
ually by stepwise solid -phase peptide synthesis from
Fmoc-protected amino acids. The crude peptides were
purified by reverse phase high performance liquid
chromatography by using a C-18 column, and the
collected fractions were lyophilized. The identity of the
peptides was confirmed by FAB mass spectrometry
and tandem mass spectrometry of the [M + H]+ ions.
The matrix that was used to produce metal-peptide
complexes was a 1: 1 mixture of glycerol and thiogly
cerol saturated by e(N03 ) 2 ' The reagents for the
matrix were obtained from (Sigma Chemical Co., St.
Louis, MO).

Mass spectrometric experiments were performed on
a VG ZAB-T (VG Analytical Ltd., Manchester, UK)
four-sector instrument, which consisted of two high
mass, double-focusing mass spectrometers of BEBE
design. The instrument was equipped with a Cs + gun
operated at 30 kV. The accelerating voltage for all
experiments was 8 kV. FAB mass spectra were ac
quired by MS-l at a mass resolving power of approxi
mately 1500 (10% valley depth). The second stage,
which was a reverse-geometry, Mattauch-Herzog-type
instrument with a planar electrostatic analyzer, was
used to obtain the tandem mass spectra after the pre
cursor ions were selected with MS-1 and activated
with collisions with helium gas at pressures sufficient
to give 50% main beam suppression. The fragment
ions formed in the third field-free region were detected
by an array detector. The collision cell was at 4 kV.

Data acquisition was carried out with a VG OPUS V
3.1X data system and interfaced to the mass spectrom
eter by a VG SIOS I unit.

To acquire both mass spectra and CAD spectra,
1 J.LL of the matrix was mixed with 1 J.LL of 1-J.Lg/J.LL
peptide solution. The probe was then exposed to the
22-kV Cs " beam to cause desorption. Usually, 10-20
scans were acquired and signal averaged.

Experiments with deuterium-labeled peptides were
carried out by using D20 (Sigma Chemical Co.) as a
solvent, which was added to the mixture of the pep
tide and iron-containing matrix on the FAB probe. The
vacuum interlock of the FAB source was used to pump
away the volatile species H 20, noo. and D20. To
obtain nearly complete exchange, the procedure was
repeated three times.

Acknowledgment
This work was supported by the National Institutes of Health
(Resource Grant No. 2P41RR00954). We wish to thank the Uni
versity of Nebraska Protein Facility for help with the peptide
synthesis.

References

1. Tang, X.; Ens, W.; Standing, K. G.; Westmore, J. B. Anal.
Cllem. 1988, 60, 1791-1799.

2. Russell, D. H.; McGlohon, E. S.; Mallis, L. M. Anal. Clrem.
1988, 60, 1818-1824.

3. Grese, R. P.; Cerny, R. L.; Gross, M. L. ,. Am. Clrem. Soc.1989,
111, 2835- 2842.

4. Grese, R. P.; Gross, M. L. ,. Am. Cllem. Soc. 1990, 112,
5098-5104.

5. Leary, J.A.; Zhou, Z. R.; Odgen, S. A.; Williams, T. D. [. Am.
Soc. Mass Spec/rom. 1990, 1,473-480.

6. Teesch, L. M.; Adams, J. ,. Am. Chem, Soc. 1991, 113,812-820.
7. Teesch, L. M.; Orlando, R. c.; Adams, J. , . Am. Chem. Soc.

1991, 113, 3668-3675 .
8. Teesch, L. M.; Adams, J. ,. Am. Chem. Soc. 1990, 112,

4110-4120.
9. Hu, P.; Gross, M. L. ,. Am. Chem. Soc. 1992, 114,9153-9160.

10. Zhao, H.; Reiter, A.; Teesch, L. M.; Adams, J. ,. Am. Chem,
Soc. 1993, 115,2854-2863.

11. Hu , P.; Gross, M. L. ,. Am. Chem, Soc. 1993, 115,8821-8828.
12. Galtin, C. L.; Turecek, F.; Vaisar, T. ,. Am. Cltem. Soc. 1995,

117,3637-3638.
13. Loo, J. A.; Hu, P.; Smith, R. D. ,. Am. Soc. Mass Spectrom.

1994, 5,959-965.
14. Hu, P., Sorensen, c.; Gross, M. L. [. Am. Soc. Mass Specirom.

1995, 6, 1079-1085.
15. Bertini, I.; Gray, H. B.; Lippard, S. J.; Valentine, J. S. Bioor

ganic Chemistry, Univ. Science Books, Mill Valley, CA, 1994,
pp .365-421.

16. Patillot, Y.; GolinelIi, M.; Forest, E.; Meyer, J. Biochem. Bio
pllys. Res. Comml/n. 1995, 210, 686-694.

17. Sullards, C. M.; Adams, J. [, Am. Soc. Mass Spectrom. 1995, 6,
608-610.

18. Hu, P.; Loo, J. A. ,. Am. Chem. Soc. 1995, 117,11314-11319.
19. Khrapova, N.; Malenkova, I.; Vanin, A. Biofizika 1995, 40,

117-121.
20. Allen, M. H.; Hutchens, W. T. RapidComml/Il . Mass Specirom.

1992, 6, 308-312.
21. Cowan, J. A. Inorganic Biochemistry: An Introduction; VCH

Publishers : New York, 1993; pp 7-8.
22. Pettit, L. D.; Gregor, J. E.; Kozlowski, H. In Perspectives on

Bioinorganic Chemistry 1991, 1, 1-35.



<<
  /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


