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Abstract The applicability of the two newly commer-
cial available squaraine labels Square-670-NHS and Seta-
635-NHS to exploring protein-lipid interactions has been
evaluated. The labels were conjugated to lysozyme (Lz)
(squaraine-lysozyme conjugates below referred to as Square-
670-Lz and Seta-635-Lz), a structurally well-characterized
small globular protein displaying the ability to interact both,
electrostatically and hydrophobically with lipids. The lipid
component of the model systems was represented by lipid
vesicles composed of zwitterionic lipids egg yolk phos-
phatidylcholine (PC) and 1-stearoyl-2-oleoyl-sn-glycero-3-
phosphocholine (SOPC), and their mixtures with anionic
lipids either beef heart cardiolipin (CL) or 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphoglycerol (POPG), respectively.
Fluorescence intensity of Square-670-Lz was found to de-
crease upon association with lipid bilayer, while the fluo-
rescence intensity of Seta-635-Lz displayed more complex
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behavior depending on lipid-to-protein molar ratio. Covalent
coupling of squaraine labels to lysozyme exerts different in-
fluence on the properties of dye-protein conjugate. It was
suggested that Square-670-NHS covalent attachment to Lz
molecule enhances protein propensity for self-association,
while squaraine label Seta-635-NHS is sensitive to differ-
ent modes of lysozyme-lipid interactions—within the L:P
range 6–11, when hydrophobic protein-lipid interactions are
predominant, an aggregation of membrane-bound protein
molecules takes place, thereby decreasing the fluorescence
intensity of Seta-635-Lz. At higher L:P values (from 22
to 148) when electrostatic interactions are enhanced fluo-
rescence intensity of Seta-635-Lz increases with increasing
lipid concentrations.
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Introduction

Extrinsic labeling of biological macromolecules with tags
is widely used in biological sciences for applications such
as fluorescence microscopy, lifetime-based sensing, fluo-
rescence resonance energy transfer studies, flow cytometry,
DNA/RNA assays and microarrays, and in clinical analysis
(blood and tissue screening, photodynamic therapy, immuno-
histochemical studies and medical applications) where these
labels are used as in vivo and in vitro tracers [1]. Site-specific
attachment of functionalized dye markers to reactive groups
of proteins, nucleic acids, antibodies, etc. permits obtaining
valuable information about the structure, dynamics and func-
tioning of biomolecules, cells or even the whole organism.
Despite the broad selection of commercially available mark-
ers, there is still a need for new and improved labels. Some
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of the main issues associated with the fluorescent labelling
with dyes are fading upon coupling to biomolecules, autoab-
sorbance and autofluorescence of biological samples, and
nonspecific fluorescence caused by nonspecific interactions
between, for example, antibody and antigen which may affect
the label spectral properties [2, 3]. Some of these problems
can be circumvented using long-wavelength amine-reactive
labels for fluorescence assays which absorb and emit in the
red and near-infrared (NIR) region. Reactive squaraines be-
long to one of the promising classes of dyes for covalent
labeling of biomolecules for several reasons:

(i) they contain cyanine-type chromophore, and a central
squarate bridge. The central squaraine bridge stabi-
lizes the cyanine chain and helps to increase photo-
stability;

(ii) their absorbance and emission are in the so-called op-
tical window of biological tissues and cells where the
autofluorescence is greatly reduced;

(iii) they exhibit a significant increase in quantum yield on
coupling to biomolecules;

(iv) lack of nonspecific binding;
(v) pH – insensitivity in a wide pH range [4, 5].

An important area for the use of labeled biomolecules
involves tracing of membrane processes. Biological mem-
branes are complex and well-organized multicomponent as-
semblies and play a pivotal role in a variety of cellular
processes. Membrane organization and function are largely
determined by the interactions between two major mem-
brane constituents, lipids and proteins [6–8]. Fluorescence
represents a powerful tool to gain further insight into the
mechanisms of protein-lipid interactions.

Motivated by the above rationales, we investigated
the spectral behavior of the two newly commercially
available reactive squaraine labels Square-670-NHS and
Seta-635-NHS in our model protein-lipid systems. These
labels were conjugated to lysozyme (Lz), a structurally well-
characterized small globular protein with the ability to in-
teract both, electrostatically and hydrophobically with lipids
[9–11]. The lipid component in the model systems are lipid
vesicles composed of zwitterionic lipids egg yolk phos-
phatidylcholine (PC) and 1-stearoyl-2-oleoyl-sn-glycero-3-
phosphocholine (SOPC), and their mixtures with anionic
lipids either beef heart cardiolipin (CL) or 1-palmitoyl-2-
oleoyl-sn-glycero-3-phosphoglycerol (POPG), respectively.
The present study is important because, firstly, there are no
reports on the spectral properties of squaraine labels in orga-
nized media (liposomes), and, secondly, the obtained results
may prove to be useful in interpreting the effects observed
in more complex systems like biological membranes and
cells.

Experimental procedures

Materials

Egg yolk phosphatidylcholine and beef heart cardiolipin
were purchased from Biolek (Kharkov, Ukraine). Both phos-
pholipids gave single spots by thin layer chromatography in
the solvent system chloroform:methanol:acetic acid:water,
25:15:4:2. SOPC and POPG were from Avanti Polar Lipids
(Alabaster, AL, USA). The purity of the lipids was
checked by thin layer chromatography on silicic acid-coated
plates (Merck) developed with chloroform:methanol:water
(65:25:4). Chicken egg white lysozyme was from Sigma (St.
Louis, MO, USA). Square-670-NHS (K8-1320) and Seta-
635-NHS (K8-1762) were purchased from SETA Biomedi-
cals, LLC (Urbana, IL, USA).

Preparation of lipid vesicles

Unilamellar lipid vesicles composed of SOPC and 20 mol%
POPG and PC mixtures with 10, 20 or 40 mol% CL were
prepared using the extrusion technique [12]. Appropriate
amounts of lipid stock solutions were mixed in chloroform
(SOPC:POPG liposomes) or in ethanol (PC:CL liposomes),
evaporated to dryness under a gentle nitrogen stream, and
then left under reduced pressure for 1.5 h to remove any
residual solvent. The dry SOPC and POPG lipids were sub-
sequently hydrated with 20 mM HEPES (pH 7.4) while PC
and CL were hydrated with 1.2 ml of 5 mM Na-phosphate
buffer (pH 7.4). The resulting dispersions were extruded
through a 100 nm pore size polycarbonate filter (Nucleo-
pore, Pleasanton, CA). The lipid concentration determined
according to the procedure of Bartlett [13] was 5 mM for
SOPC:POPG and 10 mM for PC:CL liposomes.

Protein labeling procedure

For the preparation of the stock solution of the squaraine
label 1 mg of Square-670-NHS or Seta-635-NHS was
dissolved in 100 µl of anhydrous DMF. Then 15.3 mg
of Lz were dissolved in 10 ml of 100 mM borate buffer,
pH 9.1. Thereafter 20 µl of Square-670-NHS or Seta-
635-NHS stock solution was added dropwise to 3 ml
of Lz solution under continuous stirring and the sample
was further incubated for 3 h at 25◦C in the dark. After
completion of the conjugation reaction unbound label was
removed by dialysis in an excess of 20 mM HEPES buffer
(pH 7.4) at 4◦C. The degree of labeling was determined
spectrophotometrically using the extinction coefficients for
squaraines ε

Sq1−NHS
667 = 1.88 × 105 M−1 cm−1, ε

Sq2−NHS
634 =

1.31 × 105 M−1 cm−1, ε
Sq1−NHS
280 = 1.07 × 104 M−1 cm−1,

ε
Sq2−NHS
280 = 1.09 × 104 M−1 cm−1. The lysozyme
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concentration was calculated using an extinction coef-
ficient ε280 = 3.78 × 104 M−1 cm−1, after subtracting the
label absorbance at 280 nm. The dye-to-protein molar ratio
was found to be ca. 0.1 for both squaraine labels.

Steady-state fluorescence measurements

Fluorescence measurements were performed at 20◦C with
a PerkinElmer Life Sciences LS50B spectrofluorimeter (ex-
periments with SOPC:POPG liposomes) and Varian Cary
Eclipse spectrofluorometer (experiments with PC:CL lipo-
somes), equipped with magnetically stirred thermostated cu-
vette holders. The excitation wavelength for both squaraine
labels was 635 nm. Excitation and emission band passes
were set at 5 nm.

Results and discussion

Presented in Fig. 1 are absorption and emission spectra of
squaraine-lysozyme conjugates (Square-670-Lz and Seta-
635-Lz) in buffer solution (20 mM HEPES, pH 7.4). Binding
of Square-670-Lz to SOPC:POPG liposomes resulted in a
shift of the emission maximum (λmax) from 685 to 691 nm,
while in the case of Seta-635-Lz the λmax shift was much
larger—from 676 to 692 nm (Fig. 2). The long-wavelength
shift of the emission maximum observed upon association of
Square-670-Lz and Seta-635-Lz with liposomes is indicative
of a less polar microenvironment. Changes of the emission
maximum upon binding of the lysozyme conjugates to lipid
vesicles is a valuable fluorescent property of squaraine labels
which make them suitable for monitoring protein binding to
lipid bilayers.

The fluorescence intensity of Square-670-Lz was found
to decrease upon membrane association (Fig. 2A), while
the fluorescence intensity of Seta-635-Lz exhibited more
complex changes depending on lipid-to-protein molar ratio
(L:P). The observed differences in the spectral responses
of Square-670-Lz and Seta-635-Lz are related to the dis-
tinct ability of these labels to trace protein conformation,
and, as a consequence, on the ability of Lz to associate with
lipids. However, this assumption is in conflict with the re-
sults of light scattering measurements indicating that Square-
670-Lz and Seta-635-Lz have similar affinity for liposomes
(Fig. 3). Light-scattering profiles reflect the changes in size
distribution and the degree of aggregation of lipid vesicles
with increasing Lz concentration. The above parameters de-
pend on the coverage of the liposome surface with the pro-
tein, i.e. on its affinity for the lipid bilayer. Neutralization of
the membrane’s negative charge upon Lz binding, and the
protein ability to bridge adjacent liposomes through its mul-
tiple binding sites may facilitate aggregation of lipid vesi-
cles. Our data indicate that fluorescent labeling leads to a
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Fig. 1 Absorption (A) and emission (B) spectra of squaraine-lysozyme
conjugates in buffer solution

reduction of the Lz affinity for the membrane, as can be ev-
idenced, in particular, from the lower L:P ratio at which the
light scattering intensity starts to decrease (L:Pcrit) (Fig. 3B
and C). Such an intensity decrease can be attributed to the
fact that the size of vesicle aggregates is becoming larger
than the light’s wavelength, so that interference phenom-
ena reduce the intensity of the scattered light [14]. As can
be seen in Fig. 3B and C, for the squaraine-labeled Lz the
value of L:Pcrit is about 80, while that of unlabeled Lz is
about 140 (Fig. 3A). This indicates that the Lz concentration
at which the extent of membrane binding proves sufficient
for charge neutralization and vesicle cross-linking through
multiple protein-protein bridges is lower in case of the unla-
beled protein. The changes in the lipid-association ability of
Square-670-Lz and Seta-635-Lz are most likely due to the
reduction of the net positive surface charge of the protein
upon covalent attachment of the labels. Based on the above
rationale, the altered conformation of the labeled Lz cannot
be considered as a main reason for the differences in spectral
behavior of Square-670-Lz and Seta-635-Lz. The reactive
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Fig. 2 Emission spectra of Square-670-Lz (A) and Seta-635-Lz (B) in
SOPC:POPG liposomes at moderate L:P values (the concentration of
the dye-protein conjugate was 0.44 µM), emission spectrum of Square-

670-Lz at high lipid:protein ratios (C) and Seta-635-Lz (D) at low
lipid:protein ratios (conjugate concentration was 0.87 µM)

group of the employed tags is N-hydroxy-succinimide ester
(NHS-ester) which attaches to Lys amino acid residues of
the protein molecules upon labeling [4]. The reactive group
of the employed tags is N-hydroxy-succinimide ester (NHS-
ester) which tends to attach to Lys amino acid residues of
the protein molecules upon labeling [4]. As judged from
the analysis of Lz structure by means of WebLab ViewerPro
Trial37 software using the Protein Data Bank file [PDB entry
1HEW] the protein contains 6 Lys residues—Lys1, Lys13,
Lys33, Lys96, Lys97 and Lys116. Furthermore, according to
the hypothesis of Ibrahim et al. [15] three of these residues,
namely, Lys96, Lys97 and Lys116, belong to the helix-loop-
helix domain of Lz which is thought to be responsible for
the protein-membrane binding. Electrostatic Lz-lipid attrac-
tion occurs mainly via these Lys residues. Thus, suggesting
the homogeneous distribution of the label over entire Lz
molecule, it can be assumed that coupling of the tags to
Lz molecule partially neutralizes the positive charge of Lys
residues which reduces the net positive charge of the whole
protein which, in turn, decreases the bilayer binding ability
of the labeled protein.

Notably, according to our observations, affinity of Square-
670-Lz and Seta-635-Lz for the model membranes appeared
comparable to that of fluorescein-labeled Lz (FITC-Lz) as
judged from L:Pcrit for FITC-Lz which was found to be ca.
77.

Alternatively, one can assume that spectral response of
these labels is controlled by the extent of aggregation of the
protein and lipid vesicles, as well as the lysozyme-membrane
interactions, which, in turn, depends on the amount of sur-
face coverage or, in other words, on the L:P ratio [16]. At
high L:P values (>150), in excess of lipid many binding
sites for the protein are available, and in this case the elec-
trostatic association of lysozyme with the membrane sur-
face seems to be predominant. Lowering the L:P ratio in-
creases the surface coverage and weakens the electrostatic
forces due to the neutralization of the protein and membrane
charges because of the formation of protein-lipid complexes.
At relatively low L:P values ( <30) mostly hydrophobic
lysozyme-lipid interactions are expected to occur. Within the
L:P range from 22 to 148 the hydrophobic binding of Lz con-
jugates to the model membranes competes with electrostatic
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binding and liposome aggregation takes place. With in-
creasing L:P ratio electrostatic binding increases while the
membrane-membrane interactions become weaker. These
processes lead to the decrease of Square-670-Lz emission
and to an increase of the Seta-635-Lz emission (Fig. 2). A
further increase of the L:P ratio up to 517, i.e. to the range
where the electrostatic protein-lipid interactions are expected
to be predominant, did not lead to any spectral changes of
Square-670-Lz (Fig. 2C). This suggests that Square-670-
NHS is insensitive to the different modes of protein-lipid in-

teractions. In contrast to Square-670-Lz, the emission spec-
trum of Seta-635-Lz showed clear dependence on the L:P
ratio. The fluorescence intensity decreases at L:P values be-
tween 6–11 and subsequently increases at higher L:P ratios
(Fig. 2D). The decrease in brightness of squaraine emission
upon interactions with lipids could be the consequence of at
least three processes:

(i) conjugate self-association;
(ii) change in the environments pH due to dye transfer into

lipid-water interface where the pH could be reduced due
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Fig. 3 Continued

to proton accumulation near a negatively charged surface
on the model membranes under study;

(iii) fluorescence quenching of the dye by certain lipid or pro-
tein moieties.

In separate experiment we examined the pH-sensitivity of
the studied squaraine labels. As seen in Fig. 4, upon lowering
the pH from 7.4 to 2.92 the fluorescence intensity of both
Square-670-Lz and Seta-635-Lz decreases by 40%. In order
to make sure that the pH-dependent effects are not respon-
sible for the observed fluorescence decrease that is observed
upon the binding of Seta-635-Lz to liposomes we studied
its association with several PC:CL model membranes differ-
ing in the amount of anionic lipid (CL). According to our
estimates that were obtained using Gouy-Chapman double
layer theory proton accumulation near the surface of PC:CL
membranes results in a pH decrease to 5.8 (10 mol% CL), 5.4
(20 mol% CL) or 5.2 (40 mol% CL). Hence, a decrease in the
Seta-635-Lz fluorescence is expected on binding to PC:CL
liposomes, the effect becoming more pronounced upon in-
creasing the CL content from 10 to 40 mol%. However, as
seen in Fig. 5, Seta-635-Lz exhibits the opposite behavior—
the fluorescence increased with lipid concentration, and the
intensity changes (�I) became smaller with increasing the
CL proportion. These observations led us to conclude that pH
effect do not play a dominant role in the intensity changes of
squaraine-conjugates observed upon protein interaction with
liposomes.

One cannot rule out the possibility that after fluorescence
labeling the self-association tendency on membranes of the
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in buffer solution at different pH values
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Lz-conjugates increases which may lead to conjugate self-
association accompanied by fluorescence quenching.

The observed changes of the Seta-635-Lz fluorescence
may originate from a complex interplay between protein-
lipid, protein-squaraine, protein-protein and squaraine-
membrane interactions whose relative contributions vary
with the lipid concentration. It seems probable that within
the L:P range 6–11, which is below saturation coverage,
an aggregation of membrane-bound protein molecules takes
place, thereby decreasing the fluorescence intensity of Seta-
635-Lz. At higher L:P values both hydrophobic and elec-
trostatic protein-lipid interactions seem to have an influ-
ence on the changes of the Seta-635-Lz fluorescence. As
shown in Fig. 5, at low CL content (10 mol%), when the
electrostatic lysozyme-membrane interactions compete with
the hydrophobic ones, the spectral responce of Seta-635-
Lz is similar to that observed in SOPC:POPG lipid vesi-
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cles at moderate L:P (from 22 to 148)—namely the fluo-
rescence intensity increases with increasing lipid concentra-
tions. Increasing the CL concentration up to 40 mol% leads
to an increase in surface coverage, formation of hydrophobic
Lz-lipid contacts and an increase of the protein self-
association. All these processes are likely to account for
the observed trends in fluorescence changes (Fig. 5).

The observed shifts in λmax (Fig. 6) indicate that at L:P
ratio of approximately 20 the membrane surface is fully
saturated with the protein. This finding is consistent with
the fact the cross-section (ca. 13.5 nm2) of one Lz molecule
covers about 21 lipid headgroups.

In conclusion, the present study demonstrated that cova-
lent coupling of two squaraine labels to lysozyme exerts dif-
ferent influence on the properties of dye-protein conjugate.
Based on steady-state fluorescence measurements, it was as-
sumed that covalent attachment of Square-670-NHS to Lz
molecule increases the protein tendency for self-association,
while squaraine label Seta-635-NHS is sensitive to different
modes of lysozyme-lipid interactions. This valuable fluo-
rescent property of Seta-635-NHS makes it a good choice
for monitoring protein association with membranes. The
obtained results suggest that these new squaraine lysine-
conjugates are promising reporter molecules for the investi-
gation of protein-protein and lipid-protein interactions.

Acknowledgments This work was supported by grant from the Sigrid
Juselius Foundation.

References

1. Sophianopoulos AJ, Lipowski J, Narayanan N, Patonay G (1997)
Association of near-infrared dyes with bovine serum albumin. Appl
Spectr 51:1511–1515

Springer



72 J Fluoresc (2007) 17:65–72

2. Buschmann V, Weston KD, Sauer M (2003) Spectroscopic study
and evaluation of red-absorbing fluorescent dyes. Bioconjugate
Chem 14:195–204

3. Oswald B, Patsenker L, Duschl J, Szmacinski H, Wolfbeis OS,
Terpetschnig E (1999) Synthesis, spectral properties, and detec-
tion limits of reactive squaraine dyes, a new class of diode laser
compatible fluorescent protein labels. Bioconjugate Chem 10:925–
931

4. Terpetschnig E, Szmacinski H, Ozinskas A, Lakowicz JR (1994)
Synthesis of squaraine-N-hydroxysuccinimide esters and their bi-
ological application as long-wavelength fluorescent labels. Anal
Biochem 217:197–204

5. Jiao GS, Loudet A, Lee HB, Kalinin S, Johanssonb LBA,
Burgessa K (2003) Syntheses and spectroscopic properties of en-
ergy transfer systems based on squaraines. Tetrahedron 59:3109–
3116

6. Kinnunen PKJ, Koiv A, Lehtonen JYA, Rytomaa M, Mustonen P
(1994) Lipid dynamics and peripheral interactions of proteins with
membrane surface. Chem Phys Lipids 73:181–207

7. Gil T, Ipsen JH, Mouritsen OG, Sabra MC, Sperotto MM,
Zuckermann MJ (1998) Theoretical analysis of protein organi-
zation in lipid membranes. Biochim Biophys Acta 1376:245–266

8. Lee AG (2003) Lipid–protein interactions in biological mem-
branes: A structural perspective. Biochim Biophys Acta 1612:1–
40

9. Posse E, Arcuri BF, Morero RD (1994) Lysozyme interactions
with phospholipid vesicles: Relationships with fusion and release
of aqueous content. Biochim Biophys Acta 1193:101–106

10. Dimitrova MN, Matsumura H, Terezova N, Neytchev V (2002)
Binding of globular proteins to lipid membranes studied by isother-
mal titration calorimetry and fluorescence. Colloids Surf B: Bioin-
terfaces 24:53–61

11. Zschornig O, Paasche G, Thieme C, Korb N, Arnold K (2005)
Modulation of lysozyme charge influences interaction with phos-
pholipid vesicles. Colloids Surf B: Biointerfaces 42:69–78

12. Mui B, Chow L, Hope MJ (2003) Extrusion technique to generate
liposomes of defined size. Meth Enzymol 367:3–14

13. Bartlett G (1959) Phosphorus assay in column chromatography. J
Biol Chem 234:466–468

14. Bentz J, Diizgiineg N, Nir S (1983) Kinetics of divalent cation
induced fusion of phosphatidylserine vesicles: Correlation between
fusogenic capacities and binding affinities. Biochemistry 22:3320–
3330

15. Ibrahim HR, Thomas U, Pellegrini A (2001) A helix-loop-helix
peptide at the upper lip of the active site cleft of lysozyme con-
fers potent antimicrobial activity with membrane permeabilization
action. J Biol Chem 276:43767–43774

16. Oellerich S, Lecomte S, Paternostre M, Heimburg T, Hildebrandt
P (2004) Peripheral and integral binding of cytochrome c to phos-
pholipid vesicles. J Phys Chem 108:3871–3878

Springer



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

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


