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Abstract The concentration of cardiac troponin I
(cTnl) in blood is an important marker for heart
muscle cell damage. A surface plasmon resonance
(SPR)-based immunosensor was devised for the rapid
and specific detection of c¢Tnl. It was constructed by
crosslinking a monoclonal antibody P-II-13, which
was generated against a loop region (aa 84-94) of
cTnl protein as an epitope peptide, onto a chemically
modified thin gold film. The performance of the
sensor was examined with respect to the SPR signal
intensity versus cTnl concentration. The signal
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intensity was directly correlated with the cTnl
concentration in the range of 0—160 pg/l. The sensor
signal was saturated when the concentration of cTnl
approached 660 pg/l with the SPR intensity of 172
RU. The lower detection limit of the sensor was
68 ng/l cTnl, which was comparable to ELISA-based
commercial cTnl detection systems.
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Introduction

Myocardial infarctions, also known as heart attacks,
are caused by the blockage of blood flow to the heart,
which results in damage of the heart muscle cells.
Biochemical diagnosis of heart muscle damage, an
indication of myocardial infarction, has been facili-
tated by measuring the blood levels of cardiac
markers such as cardiac troponin I or T (cTnl or
c¢TnT), creatine kinase-MB, lactate dehydrogenase,
and myoglobin (Akhar 2003; Alpert et al. 2000).
c¢Tnl, a component of troponin involved in the
regulation of cardiac muscle contraction (Zot and
Potter 1987), is of particular interest because of its
near-absolute myocardial tissue specificity (Alpert
et al. 2000). cTnl, together with the troponin
components cTnT and c¢TnC, is released into the
bloodstream upon degradation of the contractile
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apparatus to which it is attached (Jaffe et al. 2000;
Katrukha et al. 1997). Therefore, the plasma level of
cTnl is one of the most specific and sensitive markers
of acute myocardial infarction (AMI) and perioper-
ative myocardial infarction (Adams et al. 1993,
1994).

Assays of cTnl have been facilitated by vari-
ous forms of enzyme-linked immunosorbent assay
(ELISA) systems, detection limits range 6—40 ng/l,
depending on detection method and antibody perfor-
mance (Tate 2008). Although ELISA-based assays
can detect cTnl, they are time-consuming and
laborious. They involve multiple laboratory processes
with adequate instrumentations. As a result, they
cannot be performed near the site of patient care
(i.e., point-of care test), or in situations when a
prompt diagnosis is required. Biosensors with micro-
fabrication technology have been sought to overcome
such limitations (Christenson and Azzazy 2009;
McDonnell et al. 2009). The biosensors developed
thus far have consisted essentially of the binding
antibody and the labeled-capture antibody with
different detection methodologies, including electro-
chemistry (Abbott i-Stat), fluorescence (Biosite
Triage), or Ab-labeled gold nanoparticle (Roche
cardiac reader) (Christenson and Azzazy 2009). Their
detection limits range from 20 to 190 ng/l.

Surface plasmon resonance (SPR) has emerged as
a new optical detection component of biosensors
(Baac et al. 2006; Boltovets et al. 2004; Kim et al.
2008a). SPR detects the binding of protein molecules
on to a metal surface by measuring changes in the
index of refraction upon adsorption (Karlsen et al.
1995; Liedberg et al. 1993). It enables rapid detection
of unlabeled proteins with a simple optical apparatus
(Homola 2003), making SPR an ideal detection
system for POCT devices. Accordingly, this study
focused on the development of an immunobiosensor
for rapid detection of c¢Tnl using the SPR technique.

Materials and methods

Design of peptide antigen for anti-cTnl
monoclonal antibody generation

Two immunogenic regions of cTnl are frequently

utilized epitopes in cTnl (James et al. 2006; Takeda
et al. 2003; Tate 2008): aa 41-49, which is located at
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the N-terminal part of the first «-helix, and aa 87-91,
which is the loop region between the first and the
second o-helices. The former is located in the vicinity
of the cTnl-cTnC interaction site and the latter is
located on the side opposite the first o-helix and is
close to the cTnl-cTnT interaction site. To generate
monoclonal antibodies (MAbs) against cTnl, the
following two peptides were designed. Peptide I
spans residues 41-50 and has the amino acid
sequence of CSASRKLQLK-NH,. Peptide II spans
residues 84-94, extends over the end of the second
loop and the start of the second helix, and has the
amino acid sequence of CELTGLGFAELQ-NH,.
The N-terminal Cys was included for cross-linking
the peptide onto a carrier protein.

Preparation of peptide antigen

The epitope peptides were chemically synthesized
and cross-linked to the keyhole limpet hemocyanin
protein (KLH), a widely employed carrier protein for
the generation of antibodies (Lateef et al. 2007).
Briefly, 10 mg KLH (Pierce, USA) were dissolved in
1 ml 10 mM potassium phosphate buffer (pH 7.0).
KLH was activated by adding 100 pl of m-maleim-
idobenzoic acid N-hydroxysuccinimide ester (MBS,
15 mg/ml in DMF). The mixture was incubated for
1 h at 25°C with stirring and the free MBS was
removed by PD-10 column (Pierce). The activated
KLH was diluted to 1 mg/ml with deionized water.
To cross-link the peptide, 1 ml activated KLH was
mixed with 100 pl peptide solution (50 mg/ml DMF,
pH 7.0). The mixture was incubated overnight at 4°C
and the reaction was stopped by the addition of 3 ml
of 0.1 M (NH4)HCOs.

Generation of hybridoma cells and the production
of monoclonal antibody

To generate hybridoma cells producing anti-cTnl
MAD, 0.2 mg of the peptide-KHL was injected into
a female Balb/c mouse. An equal quantity of the
peptide-KHL was injected with Freund’s incomplete
adjuvant (Sigma) after 3 weeks. Immunization was
confirmed by ELISA test with 50 pl of blood taken
from the mouse. Finally, the peptide-KHL in
phosphate-buffered saline (PBS: 8 g NaCl/l, 0.2 g
KCl/1, 1.44 g Na,HPO,/1, and 0.24 g KH,PO,) was
injected after an additional 3 weeks. When the
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production of antibody was confirmed, spleen cells
from the immunized mouse were collected and
fused with myeloma cells to generate the hybridoma
cells. The hybridoma cells (384 cell lines) were
distributed in four 96-well culture plates and
cultured for 10 days.

For the production of MAb, 1 ml pristane was
injected into a 5-week-old Balb/c mouse. Hybridoma
cells (107 cells) were injected 1 week later. Ascites of
the mouse were collected 2 weeks after the cell
injection and centrifuged at 3,000x g for 30 min. The
MAD in the supernatant was precipitated with 50%
(NH,4),SD,. The resulting precipitate was dissolved
in PBS and the solution was dialyzed against PBS
overnight.

Protein chip fabrication and screening of MAb

A protein chip technique was employed for the final
screening of the MADbs as previously described
(Kim et al. 2008b). To generate the protein chip
surface, ovalbumin (OVA, 1 mg/ml) was layered on
to an aldehyde-modified slide glass (NuriCell,
Korea). Subsequently, the bound OVA was acti-
vated with MBS as described above. Epitope
peptides were coupled by layering 100 pl peptide
solution (1 mg/ml) onto the activated OVA surface
for 4 h at room temperature. To screen the MADb
specific for cTnl, the ELISA-screened -culture
supernatants of hybridoma cells were mixed with
PBS containing 20% (v/v) glycerol at 1:1 and 4 nl
was spotted on to the epitope-OVA coupled slide
using a protein arrayer (Proteogen, Korea). Each
spot was 0.3 mm wide. The slide was incubated for
1 h at 25°C at 80% humidity and then washed with
PBS containing 0.1% Tween 80. Detection of the
bound MAb was facilitated using Alexa 488-goat
anti-mouse IgG (5 pg/ml, Invitrogen). The fluores-
cence intensity of each spot was analyzed with a
microarray scanner.

Surface plasmon resonance (SPR) analysis

Performance of the generated MAb was analyzed
using a surface plasmon resonance (SPR) system
(K-MAC micro SPR model, Korea). The selected
MADb (P-1I-13) solution (1 mg/ml) in PBS buffer (pH
7.0) was introduced onto a NHS gold chip (K-MAC),
which can couple with free amine groups in a target

protein, at 40 pl/min. The unreacted chip surface was
blocked with bovine serum albumin (1 mg/ml).
When the chip was ready, 100 pl ¢Tnl of varying
concentrations was introduced and the SPR signal
intensity was determined. ¢Tnl in human serum was
analyzed using the same procedure. Human sera
subjected to the SPR analysis were acquired from the
National Biobank of Korea in Gyeongsang National
University Hospital.

Results and discussion
Primary screening of monoclonal antibody

Culture supernatants from 384 hybridoma cell cul-
tures for each epitope were subjected to ELISA assay
using the epitope peptide-KLH-coated 96-well plates.
Sixteen supernatants from the peptide II-immunized
hybridoma cell lines showed strong anti-cTnl MAb
positive wells. Cells from the positive wells were
cloned. Finally, 17 positive hybridoma cell lines,
which produced MADbs against the cTnl epitope
peptide II, were obtained (Fig. 1). Cell lines gener-
ated by the peptide I-immunized hybridoma cell lines
bound the carrier KLH protein not the epitope peptide
I (Fig. 1).

Protein array screening of anti-cTnl MAb

To screen the MAbs further, the supernatants from
each hybridoma cell line were spotted onto the
peptide I- and peptide II-OVA-layered slides. The
peptides were cross-linked to ovalbumin (OVA) and
not to KLH so that MAb binding to the carrier protein
KLH could be eliminated. Bound MAb was detected
with Alexa 488-linked anti-mouse IgG. The MAbs
generated by peptide I were not able to bind to the
chip surface coated with either peptide I or peptide Il
(Fig. 2a and the spots from P-I-1 to P-I-6 in Fig. 2b),
confirming that the high ELISA readings of the MAbs
P-I-1-P-1-6 (Fig. 1) were from the KLH binding. The
MADs generated by peptide IT (MAb P-II-1-P-11-17)
were mostly specific to the epitope peptide II. They
did not show any significant fluorescence intensity on
the peptide I-layered chip surface but showed intense
fluorescence from the spots on the peptide II-layered
chip surface (Fig.2b). The digitized fluorescence
intensity data indicated that the MAb P-II-13 were
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Fig. 1 Primary screening of hybridoma cell lines producing
MADb against the epitope peptides. The hybridoma cell lines
P-1-1-P1-6 and P-II-1-P-1I-17 were generated by the immu-
nization of mice with the epitope peptide P-I-KLH and the
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epitope peptide P-II-KLH, respectively. The culture superna-
tants of the hybridoma cells were subjected to ELISA analysis
against KLH (grey bar), Peptide I-KLH (white bar), and
Peptide II-KLH (black bar). PBS was used as a control
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Fig. 2 Protein chip-based screening of MAb-producing
hybridoma cell lines. The epitope peptides were cross-linked
to ovalbumin (OVA). The peptide [-OVA and peptide [I-OVA
were chemically coupled to an aldehyde-coated glass chip. The
culture supernatants of the hybridoma cell lines (shown in the
Fig. 1) were spotted onto the peptide I-OVA-layered chip
(a) or the peptide II-OVA-layered chip (b). The bound MAb
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was detected with Alexa 488-linked anti mouse IgG. The
fluorescence intensity of each spot was digitized (c). The
specificity of the selected MAb (the culture supernatant of
hybridoma cell P-1I-13) was confirmed by immunoblot analysis
against KLH, Peptide I-KLH (P-I-KLH), Peptide II-KLH (P-II-
KLH), and troponin I (cTnl). Each lane contained 5 pg
corresponding protein (see ponceau stain)
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most specific (Fig. 2¢). Immunoblot analysis of cTnl,
peptide I, and peptide II with the MAb P-II-13
containing culture supernatant demonstrated that the
MADb was specific for ¢Tnl and peptide II but not for
the peptide I (Fig. 2d).

Preparation of MAb P-1I-13 and the construction
of SPR biosensor

MADb P-II-13 was produced in mouse ascites by
injecting the corresponding hybridoma cells. The
ascites were concentrated by (NH,4),SO, precipita-
tion. The major protein component of the precipitates
was MAb P-1I-13 (lane 2, Fig. 3a). Subsequent
densitometer analysis revealed that 60% of the
protein was MAb. The final yield of MAb production
was approx. 1 mg per mouse. To construct an SPR
biosensor, the MADb was adsorbed on to the surface of
the NHS gold chip by injecting 100 pl of the MAb
solution at a flow rate of 40 ul/min. The SPR angle
shift was then monitored for 8 min (Fig. 3b). The
MAD binding resulted in a SPR angle shift of 1,680
RU, which corresponds to the binding of 1,680 pg
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Fig. 3 Preparation of MAb P-II-13 and its binding to a surface
plasmon resonance (SPR) biosensor chip. a Preparation of
MAD P-II-13. MAD P-1I-13 was produced from mouse ascites
after injection of the corresponding hybridoma cells. The MAb
was concentrated by the ammonium sulfate precipitation of the
ascites solution. Lane M; size marker, lane I; mouse ascites
with hybridoma cells, lane 2; prepared MAb. H and L indicate
heavy and light chains of MAD, respectively. b Binding of
MAD P-1I-13 on the surface of the modified gold thin film. The
MAD (1 mg/ml PBS) was injected on to the gold thin film with
a flow rate of 40 pl/min

protein per 1 mm? chip surface. Because 60% of the
protein in the solution was MADb P-II-13, the final
amount of bound MAb P-II-13 was 1,008 pg/mm? or
6.72 x 10~ pmol/mm?.

SPR biosensor analysis

We then investigated the detection of cTnl by the
MADb P-II-13-layered SPR biosensor. cTnl solutions,
ranging from 150 ng/l to 660 pg/l, were introduced
and the SPR angle shift was monitored at least for
5 min. As shown in Fig. 4, the SPR angle shift was
directly correlated with c¢Tnl up to 160 pg/l. The
statistically significant detection limit of the SPR
biosensor was 68 ng/l cTnl. The SPR angle shift
approached the saturation value of 171.8 RU, which
corresponded to 171.8 pg ¢Tnl/mm? or 6.87 x 107>
pmol cTnl/mm? of the MAb P-TI-13 surface layer, at
a cTnl concentration above 660 ng/l (Fig. 4a). The
dissociation constant, K, derived from Fig. 4b was
13.4 ng/l, indicating high binding affinity of MADb
P-II-13 to c¢Tnl.

Finally, we tested the performance of MAb P-II-13
SPR biosensor with human sera. Human sera (100 pl)
from a patient with cardiac problems and a healthy
volunteer were applied to the SPR biosensor. As
shown in Fig. 5a, the SPR sensor detected the serum
cTnl. The final SPR angle shift values for serum
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Fig. 4 Binding assay of troponin I (cTnl) to the MAb P-II-13
layered SPR biosensor. a Titration of c¢Tnl to MAb P-II-13.
The numbers above the signal lines were the concentrations in
ng/l of injected cTnl. b Tnl binding curve. The average values
of the SPR angle shift were plotted against (cTnl)
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Fig. 5 Detection of troponin I (cTnl) in human serum
samples. a Detection of cTnl by the MAb P-II-13-layered
SPR sensor chip. Human serum (100 pl) was applied onto the
MAD P-II-13-layered SPR sensor chip. b Immunoblot analysis
of human sera with MAb P-II-13. Lane I; patient serum,
lane 2; control serum. Albumin was used as a loading control

samples were 125RU for the cardiac patient and 85RU
for the healthy volunteer, which corresponded to 65
and 15 pg/l of serum cTnl concentration, respectively.
This was further confirmed with an immunoblot
analysis of the samples with MAb P-1I-13 (Fig. 5b).

Conclusion

we developed an SPR biosensor for detection of cTnl,
a cardiac marker. For sensitive detection, we gener-
ated a highly specific anti-cTnl MAb P-II-13 using a
peptide epitope with a protein chip-based screening
method. The sensor was constructed on a modified
gold thin film with MAb P-1I-13 as a receptor for
cTnl. The detection limit of the sensor was 68 ng/l,
which was slightly higher than some commercial
POCT devices (20-50 ng/l, Christenson and Azzazy
2009). With the merits of rapidity and simplicity, the
SPR biosensor is a new way to diagnose heart muscle
cell damage in point-of-care assays.

Acknowledgment This research was supported by Basic
Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology.

References

Adams JE, Bodor GS, Davila-Roman VG, Delmez JA, Apple FS,
Ladenson JH, Jaffe AS (1993) Cardiac troponin I. A marker

@ Springer

with high specificity for cardiac injury. Circulation
88:101-106

Adams JE, Sicard GA, Bridwell KH, Lenke LG, Davila-
Roman VG, Bodor GS, Ladenson JH, Jaffe AS (1994)
Diagnosis of perioperative myocardial infarction with mea-
surement of cardiac troponin I. N Engl J Med 330:670-674

Akhtar S (2003) Biomarkers and perioperative myocardial
infarction. Semin Anesth Perioper Med Pain 22:50-61

Alpert JS, Thygesen K, Antman E, Bassand JP (2000) Myo-
cardial infarction redefined—a consensus document of
The Joint European Society of Cardiology/American
College of Cardiology Committee for the redefinition of
myocardial infarction. J] Am Coll Cardiol 36:959-969

Baac H, Hajos JP, Lee J, Kim D, Kim SJ, Shuler M (2006)
Antibody based surface plasmon resonance detection of
intact viral pathogen. Biotechnol Bioeng 94:815-819

Boltovets PM, Snopok BA, Boyko VR, Shevchenko TP,
Dyachenko NS, Shirshov YM (2004) Detection of plant
viruses using a surface Plasmon resonance via complexing
with specific antibodies. J Virol Methods 121:101-106

Christenson RH, Azzazy HME (2009) Cardiac point of care
testing: a focused review of current National Academy of
Clinical Biochemistry guidelines and measurement plat-
forms. Clin Biochem 42:150-157

Homola J (2003) Present and future of surface plasmon reso-
nance biosensors. Anal Bioanal Chem 377:528-539

Jaffe AS, Ravkilde J, Roberts R, Naslund U, Apple FS, Galvani M,
Katus H (2000) It’s time for a change to a troponin standard.
Circulation 102:1216-1220

James S, Flodin M, Johnson N, Lindahl B, Venge P (2006) The
antibody configurations of cardiac troponin I assays may
determine their clinical performance. Clin Chem 52:832-837

Karlsen SR, Johnston KS, Jorgenson RC, Yee SS (1995)
Simultaneous determination of refractive index and
absorbance spectra of chemical samples using surface
plasmon resonance. Sens Actuators B 25:747-749

Katrukha AG, Bereznikova AV, Esakova TV, Pettersson K,
Lovgren T, Severina ME, Pulkki K, Vuopio-Pulkki LM,
Gusev NB (1997) Troponin [ is released in bloodstream of
patients with acute myocardial infarction not in free form
but as complex. Clin Chem 43:1379-1385

Kim SW, Kim MG, Kim J, Lee HS, Ro HS (2008a) Detection
of the mycovirus OMSV in the edible mushroom Pleu-
rotus ostreatus using an SPR biosensor chip. J Virol
Methods 148:120-124

Kim SW, Kim MG, Jung HA, Lee KH, Lee HS, Ro HS (2008b)
An application of protein microarray in the screening of
monoclonal antibodies against the oyster mushroom
spherical virus. Anal Biochem 374:313-317

Ko S, Kim B, Jo SS, Oh SY, Park JK (2007) Electrochemical
detection of cardiac troponin I using a microchip with the
surface-functionalized poly(dimethylsiloxane) channel.
Biosens Bioelectron 23:51-59

Lateef SS, Gupta S, Jayathilaka LP, Krishnanchettiar S, Huang JS,
Lee BS (2007) An improved protocol for coupling syn-
thetic peptides to carrier proteins for antibody produc-
tion using DMF to solubilize peptides. J Biomol Tech
18:173-176

Liedberg B, Lundstrom I, Stenberg E (1993) Principles of
biosensing with an extended coupling matrix and surface
plasmon resonance. Sens Actuators B 11:63-72



Biotechnol Lett (2011) 33:921-927

927

McDonnell B, Hearty S, Leonard P, O’Kennedy R (2009)
Cardiac biomarkers and the case of point-of-care testing.
Clin Biochem 42:549-561

Takeda S, Yamashita A, Maeda K, Maeda Y (2003) Structure
of the core domain of human cardiac troponin in the
Ca®P-saturated form. Nature 424:35-41

Tate JR (2008) Troponin revisited 2008: assay performance.
Clin Chem Lab Med 46:1489-1500

Zot AS, Potter JD (1987) Structural aspects of troponin—
tropomyosin regulation of skeletal muscle contraction.
Annu Rev Biophys Biophys Chem 16:535-559

@ Springer



	Development of a surface plasmon resonance-based immunosensor for the rapid detection of cardiac troponin I
	Abstract
	Introduction
	Materials and methods
	Design of peptide antigen for anti-cTnI monoclonal antibody generation
	Preparation of peptide antigen
	Generation of hybridoma cells and the production of monoclonal antibody
	Protein chip fabrication and screening of MAb
	Surface plasmon resonance (SPR) analysis

	Results and discussion
	Primary screening of monoclonal antibody
	Protein array screening of anti-cTnI MAb
	Preparation of MAb P-II-13 and the construction of SPR biosensor
	SPR biosensor analysis

	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


