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Abstract. In this study, we report that chicken stomach smooth muscle titin (smitin) forms amyloid
aggregates in vitro. This finding is supported by transmission electron microscopy (TEM) and dynamic
light scattering (DLS). Dynamic light scattering data indicate that smitin forms amyloid aggregates with a
hydrodynamic diameter (d) ranging from approximately 346-4169 nm in vitro. The zeta potential of the
amyloid form of smitin was -16.1 mV and remained virtually unchanged for 24 h. From the zeta potential
measurements, it can be concluded that the amyloid forms of smitin retain the ability to aggregate.
Transmission electron microscopy showed that smitin in the native state is presented by a bundle of linear
fibrils, while its amyloid forms large amorphous aggregates. © 2025 Bull. Georg. Natl. Acad. Sci.
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Introduction

Amyloidoses are a large group of diseases charac-
terized by protein deposits in the form of insoluble
fibrils in various organs and tissues, formed as a
result of hereditary or acquired protein folding
disorders [1,2]. Besides amyloid fibrils, which
mostly form in the brain, other types of protein
aggregates can also cause blood clots or floaters in
the vitreous of the eye [3]. Their accumulation dest-
roys the structure and functioning of organs and tis-
sues, leading to disease and death. Amyloid depo-
sits are found in Alzheimer's disease, Parkinson's

disease, Down syndrome, type 2 diabetes, heredita-

ry amyloid polyneuropathy, systemic amyloidosis,
etc. [1,4,5]. There are many proteins known to form
amyloid fibrils, such as tau protein, AB-peptide,
acylphosphatase, myoglobin, amylin, transthyretin
and others [6-9]. Despite the differences in the
amyloid precursor proteins, amyloid fibrils have
common properties: B-sheet structure with indi-
vidual B-sheets oriented parallel to the main axis of
the fibril, insolubility in vivo, specific binding to
Congo red and thioflavin T dyes [9,10]. It is
important to note that amyloid precursor proteins
undergo an a-helix—f-sheet transformation, which is

necessary for the formation of amyloid fibrils [2].

© 2025 Bull. Georg. Natl. Acad. Sci.
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Clarification of the molecular mechanisms of
amyloidosis, establishment of the protein nature of
deposits and their properties, development of
therapeutic methods of treatment and prevention of
these diseases, as well as development of their
lifetime diagnostics are urgent tasks. Successful
solution of these tasks largely depends on funda-
mental knowledge of amyloidogenesis: clarification
of the properties of amyloids of different proteins,
knowledge of the factors regulating their formation
and destruction, their effects on the vital activity of
different cells, etc. This applies to muscle amyloi-
dosis to the greatest extent. Amyloid deposits have
been found in cardiomyopathies, myocarditis and
myositis, affecting muscles and blood vessels [11].

In vitro experiments with many proteins have
shown that prior to amyloids formation, the
molecules must undergo a transformation the “o-
helix to B-fold” type, which, as a rule, requires
and harsh

incompatible with in vivo conditions, such as low

long-term  incubation conditions
pH, high temperatures, addition of a number of
substances not present in the cell, etc. Amyloid
precursor proteins can have a B-structure, an o-
helix, or contain both structures. The transition of
the soluble form of prion protein to the fibrillar is
accompanied by a decrease in the a-helix content
and an increase in the B-structure. The AB-peptide
also undergoes a transformation of the structure
from the a-helix to the B-structure during the for-
mation of amyloid fibrils. All these data indicate
that proteins whose secondary structure is represen-
ted by oa-helixes undergo a transformation of the
type “a-helix to B-structure” before or during fibril
formation [12,2]. Structural investigations of amy-
loids began in the 1930s using X-ray diffraction.
Hence, Astbury and Dickinson [13] were the first
to note the distinctive X-ray fiber diffraction
pattern, later termed cross-p. Active using of the X-
ray diffraction method allows to conclude that
amyloids are composed of polypeptide chains
extended in the so-called cross-f conformation. In

the cross-p structure individual strands of each (-
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sheet run perpendicular to the fibril axis (4.7 A
spacing), whereas the p-sheet (10 A spacing) are
parallel to the fibril axis. In 2002, smooth muscle
titin (SMT; initially called smitin) was found in the
smooth muscle extract of chicken gizzard [14].

Further studies showed that titin from smooth
and cross-striated muscles is a product of the same
gene, alternative splicing of which leads to the
formation of isoforms of 700—2000 kDa in smooth
muscle [15]. Western blotting demonstrated titin of
approximately 500 kDa in the human aorta, which
the authors [15] suggested to be either a titin
fragment (‘truncated’ titin) or an isoform. As is
well known, titin from cross-striated and smooth
muscles consists of immunoglobulin (Ig)-like and
fibronectin III (FnllI)-like domains with a f-sheet
structure. It was demonstrated that approximately
10% of Ig and FnlIl domains have more than 40%
sequence identity [16]. It was also shown by
dynamic light scattering (DLS) that the aggregation
rate of TI I32 and TI 127 domains with sequence
identities of 42% is higher than that of domains
with a lower sequence identity. Bobulev at el.
showed the ability of myosin binding protein-C
containing Ig like and Fn-like domains to form
aggregates with amyloid-like properties in vitro
[17]. Based on the data obtained, they proposed that
SMT can form amyloid aggregates in vitro.

In this work, the formation of the amyloid
structure of chicken gizzard smooth muscle titin in
vitro and the ability of smooth muscle titin to form
aggregates were studied using structural analysis
methods. In the paper, the kinetics of aggregation
was studied to understand the features of the rate of
aggregation of chicken smitin. For this purpose,
dynamic light scattering (DLS), the simplest and
most convenient method for studying the kinetics
of aggregation of amyloid proteins, was used
[18-20].

The morphology of titin aggregates formed in
vitro was studied using electron microscopy: with
an ionic strength below physiological values
(0.15 M glycine-KOH, pH 7.0-7.5).
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Materials and Methods

Smitin was isolated from the chicken smooth mus-
cle, particularly from the stomach according to
Keller with our modification [21] Myofibrils were
obtained from chicken stomach according to Wang
[22]. Homogenized myofibrils (100 g) were wa-
shed three times in A buffer (2 mM MgCl,, 1 mM
EGTA, 0.5mM DDT, 2 mM PMSF, 10 mM imi-
dazole, 10 mM trypsin inhibitor, 50 mM KCI, pH
7.0) by centrifugation (5000 g, 10 min, 4°C) and
resuspended in extraction buffer B (2 mM MgCl,,
ImM EDTA, 0.6 M KCl, 4mM ATP, 0.5 mM
DTT, 0.2 mM PMSF, 10 mM trypsin’s inhibitor,
10 mM imidazole, pH 7.0). The extracted myofib-
rils were sedimentated by centrifugation (15 000 g,
30 min, 4°C) and the supernatant was applied to the
Toyopearl-65 column (1.5 cm, 90 cm). The Toyp-
earl-65 column was equilibrated with buffer (0.2 M
KCl, 10 mM imidazole, 1 mM EGTA, 0.5 mM
EDTA, 0.2mM DTT, pH 7.5). The first fraction
contained native smitin only, the second fraction
contained smitin + myosin and the third fraction
contained only myosin. Purity of the proteins was
examined by the electrophoresis method in the
polyacrylamide gel gradient (3-15%) in the prese-
nce of Na-dodecyl sulfate by Laemmly method
[23]. For fixing smitin transition into amyloid form
we used Congo Red dye, that stains amyloids into
rose or red colors. Congo Red solution was added
to amyloid protein suspension at the ratio 1: 2. The
difference between absorption spectra of Congo
Red and Congo Red + amyloid protein complex
indicates to protein transition into amyloid form.
For fixing smitin transition into amyloid form we
used Congo Red dye, that stains amyloids into rose
or red colors. Congo Red solution was added to
amyloid protein suspension at the ratio 1: 2. The
difference between absorption spectra of Congo
Red and Congo Red + amyloid protein complex

indicates to protein transition into amyloid form.

Dynamic light scattering experiments. In this

work, solutions of native smitin and amyloid aggre-
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gates of smitin were studied by DLS. Measure-
ments were carried out on a Zetasizer Nano - ZS
device (Malvern Instruments Ltd.) in a cell main-
taining a temperature of +0.5°C at a wavelength
A =633 nm, at a scattering angle of 173°) and sam-
ple cuvette temperature control (10°C). Autocorre-
lation functions were converted into particle-size
distributions, using the “General purpose” algo-
rithm provided with the Zetasizer. SMT samples for
DLS were prepared as follows: Purified SMT at
0.2 mg/ml in column buffer (0.6 M KCI, 30 mM
KH>PO4, 1 mM DTT, 0.1 M NaN3, pH 7.5) was
dialyzed at 4°C against 0.15 M glycine-KOH, pH
7.0-7.5. Samples for DLS were collected after: 3 h
and 24 h.

Dynamic light scattering of smooth muscle titin
amyloid aggregates. To study the time dependence
of the formation of smitin aggregates, the DLS
method was used to detect and characterize the
aggregates of different size. Figure 1 shows the
change in the sizes upon formation of SMT aggre-
gates at pH 7.0 over 24h.

In the native state, before the formation of smi-
tin aggregates, one well-resolved peak was obser-
ved with an average hydrodynamic diameter d =
136.2 nm (91.6% intensity). The second peak d =
3857 nm indicates the presence of a small amount
(8.4%) of large smitin molecules. During the first
3-hour incubation, three peaks were observed: an
average d=159.24 nm (minor peak of approxima-
tely 5.6%) d=346nm (the dominating peak of
approximately 49.8%), and d=4169 nm (44.6%).
The diameter of 4169 nm, which is outside the mea-
surement range, and its intensity of 44.6% indicates
the formation of large smitin aggregates. A peak
with a diameter of 59.24 nm indicates the presence
of smitin oligomers, which likely contribute to the
acceleration of aggregation and the appearance of a
peak with a diameter of 4169 nm, with a high per-
centage of intensity. When the experiment termina-
ted (after 24 h), three peaks with diameter approxi-
mately d=189.3 nm (30.7%), d=981.3nm (46.2%),
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and d=4847 nm (23.1%) were observed. The va-
lues of the diameters of the obtained peaks indicate
the continuation of aggregation and an increase in
the size of smitin molecules. It should be noted that
the peaks with diameter approximately 4169 nm
and 4847 nm were at the limit of the range of this
method. Therefore, further the formation of larger

smitin aggregates cannot be excluded.
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Fig. 1. Size distribution of native smitin (a), smitin
amyloid aggregates after 3h (b) and after 24h (c).

Zeta potential. Zeta potential is the total charge of
particles acquired in a particular environment. The
value of the zeta potential allows us to judge the
potential stability of the colloidal system. If all
particles have a large negative or positive zeta
potential, they will repel each other, and this is
called dispersion stability. If particles have low zeta
potential values, then it is impossible to prevent the
particles from connecting, and this is called disper-
sion instability. It is assumed that particles with
zeta potentials above +30 mV and below -30 mV
are generally considered stable, respectively partic-
les with zeta potentials in the range from -30 mV to
+30 mV are considered unstable.

To determine the tendency of amyloid smitin to
aggregation using dynamic laser scattering, we
measured the zeta potential of smitin solutions after

dialysis for 3 and 24 hours at 4°C against a solution
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containing 0.15 M glycine-KOH, pH 7.0-7.5. DLS
analysis can be used to assess or predict the stability
of the protein as a function of time. The value of the
zeta potential allows one to judge the potential
stability of smitin solutions. The results of measure-
ments of zeta potentials of native smitin and
aggregated samples are presented in Fig. 2. The
value of the zeta potential of native smitin -6 mV
means the protein’s tendency to aggregation. During
the transition to the amyloid form within 3 hours
from the beginning of incubation, the zeta potential
value decreased to -16.1 mV and remained virtually
unchanged -16.6 mV after the end of the experiment
for 24 hours. As a result of zeta potential measure-
ments, it can be concluded that the amyloid forms of
smitin retain the ability to aggregate.

Thus, the method of DLS revealed a relatively
high rate of smitin aggregation.

—
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Fig. 2. Zeta potential distribution of native smitin (a),
smitin amyloid aggregates after 3h (b) and after 24h (c).

method
(TEM). Smitin aggregates were formed by dialysis

Transmission electron microscope

for 3 and 24 hours at 4°C against a solution contai-
ning 0.15M glycine-KOH, pH 7.0-7.5. A drop of

suspension at the 0.2-0.4 mg/ml was applied to a
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carbon-coated collodion films on copper grids.
Samples were examined using JEM-100SX elec-
tron microscope. In this work, electron microscopy
showed that already 3 hours after the start of
dialysis, smitin forms large amorphous aggregates,
which indicates a fairly high rate of protein aggre-
gation (Fig. 3b, 3¢). The smitin in its native state is

represented by a bundle of linear fibrils (Fig. 3a).

a

dynamics of smitin amyloids formation using the
DLS method revealed relatively rapid aggregation
of protein molecules.

The results obtained indicate the possibility of
intracellular smitin aggregation, which may have
functional significance. The amyloid properties of
smooth muscle titin (smitin) add a new dimension

to our understanding of its biological role and

Fig. 3. Smitin in native state(a), amorphous amyloid smitin aggregates after 3 hours (b) and 24h (c) from the start of

dialysis.

Our results show that smitin isolated from chic-
ken gizzards smooth muscles can form amorphous
aggregates in vitro in a solution containing 0.15 M
glycine-KOH, pH 7.0-7.5 (Fig. 3b, 3c).

Conclusion

The ability of smitin to form amorphous amyloid-
like aggregates in vitro has been discovered. It was
shown that smitin aggregates are formed over
relatively short time intervals. At the same time,
electron microscopy revealed that the aggregates
have an amorphous morphology. Studying the

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 2, 2025

involvement in pathological processes. Ongoing
research in this area will help to deepen our
understanding of the mechanisms of smitin agg-
regation and its impact on smooth muscle health,
which may lead to the development of new diag-

nostic and therapeutic approaches.

Acknowledgements

We would like to express our deep gratitude to
Dr. G. Tsertsvadze for his help and efficient

cooperation.



86 Polina Toidze, Rusudan Kupatadze, Neli Gachechiladze ...

80mx0b03s

500¢MoMOo FoGHobol sgMgasgool LoBds®ols glifsgers
0653039960 9999506930L 5 9egdEHO™byo dozthmlizm3ool
d900mgd0lL 350mygbgdom

3. ®M0dg", . 319353999, 6. 45BgBodY’, 3. JM0dg’, 3. 3900939608300,
0. B55¢r0d300™, 3. Bs3E0dz0mo™

* 0.896093830em0l 9963950896930 Bomdgoiobol g6d®o, 8or50D00b 8569mROe98s, 0380emobo,
bsgs®orz9¢mm

** 53509800 f9gmo, 0. 89Godsdzoemols 939608969 0 8omdgpogobols 59660, 396080l
UABAIAG0L 05 B3965300b 8B HMH0s, 0380¢robo, bsdsGoggerem

39Lfsgemoos Jsmdol ge30 396m0EsH (3mFo) gsdmygmaoo (gos) LdoEobol sdowmoEm®
90350 xMdsdo 2oslgEols msgoLgdM™gdsbo in vitro (0ol s90¢MmoEwH daMIsmymdsdo
3900593965 dmbeos 0,15 M geoiob / KOH, pH 7,0-7,5, 1=0,1-0b bubs@ols 358mygbgdom). bdoEobols
3309253300L Fsm3mgdbol 3obgEHozs 8gg0Lfszego ©obsdoznMmo dwdasdbggol (DLS) s gergd-
AOMbM@o dozmmlzm3ool dgomEgdol 358mygbgdoom. DLS -ob 8cmbs3gdgdosb Bsbl, Gmad Ldo-
3060 395e00dgdL 590@M0EYIH 53MJR9EHIOL 3000MM©0b5303M0 0sAgEHMOm (d) IBEMYd0M
346-4169 60 in vitro. 500& 060l 530 MOEMOHO BMOHIOL ByE)s 3mEIbEoswo 8gglisdsdgds -16,1 mV
©5 3M5JBH03MOQ 330 MBS 24 Lssool s6dsgEmdsdo, ®s@ ssLEGMMIOL LdoEobol
530935300500 JoEMY30emYRL. gergBHHMmbrmo doghmlizm3ool Igmmeom domgdme LvyHs-
3%y BsbL, HMI EOseoBOL ©IFYgd0EL 3 Lssmol 8gdgy sdogmoEnMo dodobols dmeng-
379900 545¢r0odgdL Abgogr sIMOHGBE S8MYa9BHIOL, BsGHomem damdsmgmdsdo 3o LdoEobo
§563magboos bsbmgsbo dmF3mgdols Laboo.

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 2, 2025



Study of the Aggregation Rate of Amyloid Smitin Using ... 87

REFERENCES
1. Tan S.Y, Perys M.B. (1994) Amyloidosis. Histopathology, 25: 403-414.
2. Uversky V., Fink A. (2004) Conformational constraints for amyloid fibrillation: the importance of being

i

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

unfolded. Biochim. Biophys. Acta, 1698: 131-153.

Sauvage F., Schymkowitz J., Rousseau F. et al. (2020) Nanomaterials to avoid and destroy protein aggregates.
Nano Today, 31, 100837.

Goedert M. (2001) a-Synuclein and neurodegenerative diseases. Nature Rev. Neurosci. 2: 492-501.

Dobson C. (2001) The structural basis of protein folding and its links with human disease Phil. Trans. Roy. Soc.
Ser. B., 356: 133-145.

Guijarro J., Sunde M., Jones J., Campbell 1., Dobson C. (1998) Amyloid fibril formation by an SH3 domain.
Proc. Natl. Acad. Sci. USA, 95: 4224-4228.

Chiti F., Dobson C. (2017) Protein misfolding amyloid formation and human disease. A summary of progress
over the last decade. Annu. Rev. Biochem. 86: 27-68.

Fandrich M., Fletcher M., Dobson S. (2001) Amyloid fibrils from muscle myoglobin. Nature, 410:165-166.
Klunk W., Pettegrew J., Abraham D. (1989) Quantitative evaluation of Congo red binding to amyloid-like
proteins with a beta-pleated sheet conformation. J. Histochem. Cytochem., 37: 1273-1281.

Krebs M., Bromley E., Donald A. (2005) The binding of thioflavin-T to amyloid fibrils: localisation and
implications. J. Struct. Biol., 149: 30-37.

Loescher C., Hobbach A., Linke W. (2022) Titin (TTN): from molecule to modifications, mechanics, and
medical significance. Cardiovascular Research., 118: 2903-2918.

Bobylev A., Yakupova E. et al. (2020) Changes in Titin structure during its aggregation. Molecular Biology.,
54(4): 578-585.

Astbury W., Dickinson S., Bailey K. (1935) The X-ray diffraction interpretation of denaturation and the
structure of seed globulins. Biochem. J., 29(10): 2351-2360.

Kim K., Keller T. (2002) Smitin a novel smooth muscle titin-like protein interacts with myosin filaments in vivo
and in vitro. J. Cell Biol., 156: 101-111.

Labeit S., Lahmers S., Burkart C., Fong C. et al. (2006) Expression of distinct classes of titin isoforms in striated
and smooth muscles by alternative splicing and their conserved interaction with filamins. J. Mol. Biol., 362:
664-681.

Wright C., Teichmann S., Clarke J., Dobson C. (2005) The importance of sequence diversity in the aggregation
and evolution of proteins. Nature, 438: 878-881.

Marsagishvili L., Shpagina M., Emelyanenko V., PodlubnayaZ. (2005) New amyloid-forming proteins. FEBS J.,
272: 297.

Bobylev A., Galzitskaya O., Fadeev R., Bobyleva L., Yurshenas D. et al. (2016) Smooth muscle titin forms in
vitro amyloid aggregates. Biosci. Rep., 36(3), €00334.

Yakupova E., Vikhlyantsev 1., Bobyleva L., Penkov N. et. al. (2018) Different amyloid aggregation of smooth
muscles titin in vitro. J. Biomol. Struct. Dyn., 36: 2237-2248.

Hill S., Robinson J., Matthews G., Muschol M. (2009) Amyloid protofibrils of lysozyme nucleate and grow via
oligomer fusion. Biophys J., 96: 3781-3790.

Kupatadze R., Kuridze K., Gachechiladze N., Zaalishvili M. (2011) Study of physical properties of smitin
isolated from smooth muscle and comparative analysis with the some properties of titin. Proc. Georg. Acad. Sci.
Biol. Ser. B., 9(1-4): 6-11.

Wang K. (1982) Purification of titin and nebuline.Methods in Enzimology, (25): 264- 274.

Laemmly J. (1970) Cleavage of structural protein during the assembly of the head of bacteriophage. Nature,
227(3): 680-685.

Received February, 2025

Bull. Georg. Natl. Acad. Sci., vol. 19(193), no. 2, 2025




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /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 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /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 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /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.)

  >>

  /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 [612.000 792.000]

>> setpagedevice



