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INTRODUCTION

In many processes of the metabolism of amino
acids, pyridoxal�5'�phosphate (POP) serves as a coen�
zyme [1]. It is known that the product of reaction with
amino acids is a Schiff base [1–3]. The effectiveness of
binding amino acids by pyridoxal phosphate coen�
zyme depends on the structure of the amino acid mol�
ecules and their state in solution. The chemical pro�
cesses with the participation of amino acids proceeds
under the strong influence of the acid–base equilib�
rium in the system. The purpose of this study was to
obtain the thermodynamical characteristics of the
reaction of pyridoxal�5'�phosphate with various
amino acids in aqueous buffer solution at physiologi�
cal acidity of the medium pH 7.35. Under these con�
ditions, the predominant ionic forms of the existence
of the studied amino acids differ substantially: glycine
and alanine are zwitterions, aspartic and glutamic acid
are anions, and lysine and arginine are cations [4].
Therefore, at constant acidity of the medium, the con�
tribution from the electrostatic interactions of a recep�
tor with various amino acid ions should differ substan�
tially in the order of amino acids, determining the
hierarchy of the “recognition” of the given substrates
in accordance with their charge distribution.

EXPERIMENTAL

Electronic absorption spectra were obtained on a
Specord M�40 two�beam spectrophotometer in the
range of wavelengths from 337 to 600 nm. The studied
solutions were placed in quartz cells 1 × 1 cm in size.
All measurements were performed at 293 ± 0.3 K. The
reaction between amino acids and coenzyme took
place in a buffer solution containing monobasic
sodium phosphate NaH2PO4 (0.04165 M) and dibasic
sodium phosphate Na2HPO4 (0.20492 M), pH 7.35.
The use of buffer solution maintained the constant
acidity of the medium and the stability of the ionic
forms of reagents during reaction. The measurements
of dissolution enthalpies of amino acids in buffer solu�
tion and analogous solution with the addition of POP
were performed on a calorimeter with an isothermal
shell at 293 ± 0.005 K. The technical characteristics of
calorimeter and the technique of measurements were
described in [5]. The error in measuring the heat effect
was 1 × 10–2 J.

During spectral studies, the concentrations of
reagents were 4 × 10–5 mol/l for POP and up to 1.8 ×
10–3 mol/l for amino acids; during calorimetric inves�
tigations, they were 1 × 10–3 and 1 × 10⎯2 mol/kg,
respectively. The mean values of dissolution enthalpy
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ΔsolH from 4–5 measurements were used as the stan�
dard dissolution enthalpyΔsolН°. L�isomers of amino
acids (all Sigma–Aldrich, 98–99% purity) and pyri�
doxal�5'�phosphate (Sigma–Aldrich, 98%) were dried
prior to the experiments for 48 h under vacuum and
used without further purification. Concentrations of
substances in the solution were calculated by test por�
tions.

RESULTS AND DISCUSSION

In electronic absorption spectra of POP in aqueous
buffer solution at pH 7.35, the absorption maximum is
observed at 387 nm with an extinction coefficient of
6250 cm–1 l mol–1. This band could be related to the
absorption of a bipolar ion or anion of POP [3]. With
an addition of an amino acid, the band widens and
undergoes a bathochromic shift. Changes in the spec�
trum indicate the formation of a Schiff base [2]. The
progress of the reaction between the amino acid and
POP was observed by changes in the differential elec�
tronic absorption spectrum of POP upon various addi�
tions of amino acid, recorded relative to the solution of
a single POP with a same concentration. A reduction
in the intensity of absorption at 375 nm and a rise in
the intensity of absorption of the Schiff base at 430–
436 nm are observed in the spectrum upon the binding
of the amino acid (Fig. 1). The molar absorption coef�
ficient in the band maximum of the Schiff base was
found from the linear correlation of changes in optical
densities and the molar extinction coefficients for two
bands of the differential spectrum: the absorption of
POP at 375 nm (ΔD375, ε375) and the absorption of the
Schiff base at 430–436 nm (ΔDShB, εShB).

. (1)

The change in values ΔDShB and ΔD375 at various con�
centrations of amino acid are related by a linear corre�
lation, as is shown in Fig. 2 for solutions with the addi�
tion of arginine. For the system under consideration,
the ratio ΔD430.5/ΔD375 was 2.46 ± 0.15. The extinction
coefficient in the band maximum of the Schiff base
formed by arginine was found using Eq. (1) and
approximation ε375 ≈ ε387 = 6250 cm–1 l mol–1: ε430.5 =
17500 cm–1 l mol–1. The resulting ε430.5 was used in the
spectrophotometric determination of the equilibrium
concentration of the Schiff base [ShB] by the Buger–
Lambert–Beer equation

ΔD430.5 = ε430.5l[ShB]. (2)

As follows from the obtained spectrophotometrical
data, the equilibrium concentration of the Schiff base
increases from 0.8 × 10–6 to 4.3 × 10⎯6 mol l–1 when
the initial concentration of arginine is increased from
2.0 × 10–4 to 18.2 × 10⎯4 mol l–1. The method for
determining the equilibrium concentrations of the
Schiff bases with other amino acids is analogous to the
procedures described above. The formation constants
of the Schiff bases were calculated on the basis of equi�

ε εΔ Δ =
375 375D DShB ShB

librium concentrations of Schiff bases found from
spectrophotometric data:

R'CH=O + NH2R'' ↔ R'CH=NR'' + H2O. (3)

The total equilibrium concentrations for all forms and
ionic states of the reagents and products of the reac�
tion were used in the expression for formation con�
stant:

, (4)

where [ShB], [POP], and [AA] are the equilibrium
concentrations of the Schiff base, pyridoxal�5'�phos�
phate, and amino acid, respectively. Equilibrium con�
centrations [ShB] were determined from spectropho�
tometric data by Eqs. (1) and (2). Equilibrium con�

[ ] [ ] [ ][ ]= ='K K 2H O ShB POP AA
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Fig. 1. Differential electronic absorption spectra of 3.99 ×
10–5 M aqueous solution of pyridoxal�5'�phosphate in
phosphate buffer at pH 7.35 and 293 K in the presence of
various additives of L�arginine: (1) 4.0 × 10–4, (2) 10.1 ×
10–4, and (3) 18.2 × 10–4 mol l–1.

Fig. 2. Interdependence of changes in optical density at
wavelengths of 430.5 and 375 nm in the differential spec�
trum of pyridoxal�5'�phosphate in phosphate buffer at
pH 7.35 and 293 K in the presence of various additives of
L�arginine: (1) 0.0002, (2) 0.0004, (3) 0.001, (4) 0.0014,
and (5) 0.0018 mol l–1.
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centrations [POP] and [AA] were calculated using the
expressions

[POP] =  – [ShB],

[AA] =  – [ShB],

where  and  are the initial molar concentra�
tions of the starting compounds. The calculated for�
mation constants were averaged for the studied con�
centration range of amino acids from 2.0 × 10–4 to
1.8 × 10–3 mol l–1. The resulting spectral characteris�
tics and averaged formation constants of the Schiff
bases obtained with various amino acids are given in
Table 1.

The data of Table 1 confirm that the formation
constant of a Schiff base and its spectral properties
depend on the nature of the bound amino acid. As fol�
lows from a comparison of the data on glycine and ala�
nine, the breaking of the conjugation of the aldimine
group CH=N with aromatic oxypyridine chro�
mophore under the effect of the more branched alanyl

0cPOP

0cAA

0cPOP
0cAA

residue leads to a rise in wavelength in the absorption
maximum and a reduction in the molar absorption
coefficient of the Schiff base. The binding constant
tends to decrease. Residues of aspartic and glutamic
acids having even longer chains break the conjugation
even more strongly. The binding constants of these
amino acids are considerably lower than those for gly�
cine and alanine. The positive inductive effect of the
additional carboxylic group on the ends of the chains
of amino acid residues manifests itself in an increase in
the extinction coefficient of the Schiff bases with their
participation relative to the base formed by alanine.

Maximal binding with the Schiff base is observed
for arginine and lysine, the predominant form of
which is the cation at pH 7.35. It is evident that the
intramolecular electrostatic attraction between the
positively charged amino group on the end of the
amino acid residue and the negatively charged phos�
phate group stabilizes the molecules of the Schiff base,
as can be seen from Scheme (I) for a Schiff base with
the contribution of lysine. The degree of conjugation
of the aldimine and oxypyridine group increases due to
the reduction in the degree of freedom of the amino
acid residue. The rapid growth of the molar absorption
coefficients of the Schiff bases formed by lysine and
arginine relative to other bases confirms this. The
excess negative charge in the side chain of aspartic and
glutamic acid reduces the yield from the reaction of
the formation of the Schiff base. Electrostatic repul�
sion between the negatively charged carboxylic and
ionized phosphate group in the molecules of the form�
ing Schiff bases is an additional factor in the breaking
of the conjugation of the aldimine group with the oxy�
pyridine ring (Scheme (II) for a Schiff base with the
participation of glutamic acid).
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It is interesting to note the correlation between the
logarithm of the formation constant of the Schiff base
and the hydration enthalpy of the amino acids (Fig. 3).
The hydration enthalpies of the studied amino acids
were calculated from the values of the dissolution
enthalpies [6]. The sublimation enthalpies of glycine
and alanine are taken from [7]. The sublimation
enthalpies of the L�isomers of lysine, arginine, aspar�
tic, and glutamic acid were estimated on the basis of
the correlation between the specific�volume sublima�

tion enthalpy of a number of compounds (amino acids
and amides) with the sum of the bond lengths in the
polyatomic molecule [8].

The dissolution enthalpies of crystalline amino
acids in the buffer solution upon the addition of pyri�
doxal�5'�phosphate were determined by calorimetry
(ΔsolH2). The measured value includes the contribu�
tion from amino acid dissolution, determined in a
blank experiment in the absence of coenzyme

Table 1. Positions of the absorption maximum, extinction
coefficients (ε, cm–1 l mol–1), and formation constants of
the Schiff bases (K, l/mol) with various amino acids

Amino acid λ, nm ε logК ± 0.05

Glycine 430.5 8160 1.78

L�Alanine 436.5 3430 1.74

L�Lysine 430.0 17860 1.83

L�Arginine 430.5 17500 1.92

L�Glutamic acid 434.0 8590 1.61

L�Aspartic acid 434.0 6250 1.48



RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 85  No. 1  2011

THERMODYNAMICAL CHARACTERISTICS 19

(ΔsolH1), and the effect of the reaction of coenzyme
with amino acid,

ΔsolH2 = ΔsolH1 + αrΔrH, (5)

where αr is the degree of conversion of the amino acid,
and ΔrH is the change in enthalpy during the reaction,
as calculated for the mole of the product, the Schiff
base. The degrees of conversion of the amino acids
under the given conditions were calculated from the
formation constant K of the Schiff bases (Table 1).
Combining the values ΔsolH2, ΔsolH1, and αr allows us
to calculate the change in enthalpy for the reaction of
the formation of the Schiff base (ΔrH) by Eq. (5).

The calculations for the change in Gibbs energy
and entropy (in molar scale) during a reaction are per�
formed according to the known correlations from the
formation constants of the Schiff bases and the combi�
nation of the Gibbs energy and enthalpy of the reac�
tion:

ΔrG =  (6)

ΔrG = ΔrH – TΔrS. (7)

All of the determined thermodynamic values are
given in Table 2; i.e., the complete thermodynamic

2.303RT K,log–

characteristics of the reaction between the coenzyme
and various amino acids are given at physiological
acidity of the medium (pH 7.35). As follows from
Table 2, the progress of the interaction of the coen�
zyme with the majority of amino acids is governed by
the entropy factor, due to the predominant role of the
dehydration effect of the amino acid’s reaction center
during the chemical reaction. The contribution from
enthalpy in the cases of alanine, glutamic, and aspartic
acid prevents the interaction from progressing. Two
exceptions are lysine and arginine containing posi�
tively charged amino groups in the side chain of the
amino acid. In reactions with their participation, the
exothermic enthalpy effect dominates over the
entropy contribution to the change in Gibbs energy.

CONCLUSIONS

Thermodynamical analysis thus shows that the dis�
crimination of amino acids of a given series in a reac�
tion with coenzyme pyridoxal�5'�phosphate is deter�
mined by the principles of dehydration of their reac�
tion groups. This conclusion is supported by the
correlation between the formation constants of the
Schiff bases and the hydration enthalpies of the amino
acids, and the domination of the positive contribution
from entropy to the change in Gibbs energy over the
enthalpy of the reaction with the participation of most
amino acids.

Intramolecular electrostatic interaction between
ionized groups in the molecules of the Schiff base is an
additional factor determining the stability of the prod�
ucts of the reaction between the coenzyme and amino
acid. The reaction between an ionized phosphate
group and the positively charged amino group on the
end of a chain of amino acid residue stabilizes the
Schiff bases formed by lysine and arginine. The
increase in the extinction coefficient, equilibrium
constant, and the exothermic effect of reaction con�
firms this. The reaction of the ionized phosphate
group with the negatively charged carboxyl group on
the end of a chain of amino acid residue reduces the
stability of the Schiff bases formed by aspartic acid and
glutamic acid. The equilibrium constant declines and
the endothermic effect of the reaction increases.

Table 2. Thermodynamic characteristics of the reactions (kJ/mol) of pyridoxal�5'�phosphate with various L�amino acids
in phosphate buffer at pH 7.35 and 293.15 K

Amino acid ΔsolH1 ΔsolH2 αr –ΔrG ΔrH TΔrS

Glycine 13.89 ± 0.02 13.81 ± 0.02 0.0366 10.15 ± 0.3 –2.2 ± 0.8 7.95

L�Alanine 7.23 ± 0.02 7.77 ± 0.02 0.0346 9.9 ± 0.3 15.6 ± 0.9 25.5

L�Lysine –28.90 ± 0.02 –29.29 ± 0.02 0.0424 10.8 ± 0.3 –9.2 ± 0.7 1.6

L�Arginine –33.04 ± 0.02 –33.38 ± 0.02 0.0442 11.0 ± 0.3 –7.7 ± 0.7 3.3

L�Glutamic acid 24.80 ± 0.02 25.15 ± 0.02 0.0285 9.2 ± 0.3 12.3 ± 1.0 21.5

L�Aspartic acid 24.70 ± 0.02 24.90 ± 0.02 0.0227 8.4 ± 0.3 10.6 ± 1.3 19.0

logK
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140 120 100130 110
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Fig. 3. Correlation of the formation constants of the Schiff
bases in reaction (3) with the hydration enthalpies of
L�amino acids.



20

RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY A  Vol. 85  No. 1  2011

BARANNIKOV et al.

ACKNOWLEDGMENTS

This work was supported by the Russian Founda�
tion for Basic Research, project no. 09�03�97510�
r_tsentr_a.

REFERENCES

1. E. E. Snell, in Vitamin B�6 Pyridoxal Phosphate. Chem�
ical, Biochemical and Medical Aspects, Ed. by D. Dol�
phin, R. Poulson, and O. Avramivic (Wiley, New York,
1986), pp. 1–12.

2. M. Angees Garcia del Vado et al., J. Mol. Catal. A:
Chem. 123, 9 (1997).

3. D. E. Metzler, J. Chem. Soc. 79, 485–490 (1957).
4. V. P. Barannikov, V. G. Badelin, and M. B. Berezin,

Biofizika 54, 206 (2009) [Biophysics 54, 139 (2009)].
5. V. P. Barannikov, S. S. Guseynov, and A. I. Vyugin,

J. Chem. Thermodyn. 36, 277 (2004).
6. F. Rodante, Thermochim. Acta 149, 157 (1989).
7. H. Svec and H. H. Clyde, J. Chem. Eng. Data 10, 151

(1965).
8. E. Yu. Tyunina and V. G. Badelin, Biofizika 50, 835

(2005) [Biophysics 50, 835 (2005)].



<<
  /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 /Warning
  /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


