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Abstract A new marine fish cell line, TK, derived

from turbot (Scophthalmus maximus) kidney, was

established by the method of trypsin digestion and

subcultured for more than 50 passages over a period of

300 days. The TK cells were maintained in Minimum

Essential Medium Eagle (MEM) supplemented

with HEPES, antibiotics, fetal bovine serum (FBS),

2-Mercaptoethanol (2-Me), and basic fibroblast

growth factor (bFGF). The suitable growth tempera-

ture for TK cells was 24�C, and microscopically, TK

cells were composed of fibroblast-like cells. Chromo-

some analysis revealed that the TK cell line has a

normal diploid karyotype with 2n = 44. Two fish

viruses LCDV-C (lymphocystis disease virus from

China) and TRBIV (turbot reddish body iridovirus)

were used to determine the virus susceptibility of TK

cell line. The TK cell line was found to be susceptible

to TRBIV, and the infection was confirmed by

cytopathic effect (CPE) and transmission electron

microscopy, which detected the viral particles in the

cytoplasm of virus-infected cells. Finally, significant

green fluorescent signals were observed when the TK

cells were transfected with pEGFP-N3 vector, indi-

cating its potential utility for fish virus study and

genetic manipulation.
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Introduction

The development of animal cell lines provide an

important tool to study virology, immunology, genet-

ics, oncology, developmental biology, toxicology,

clinical medicine and biotechnology (Hightower and

Renfro 1988; Bonewald 1999; Ledermann 2000;

Petersen et al. 2003; Donato et al. 2008; Dash et al.

2008). Since the 1960s, more than one hundred fish cell

lines have been established and used for the study of

virology, immunology and genetics (Fernández et al.

1993; Fernández-Puentes et al. 1993; Fryer and

Lannon 1994; Chang et al. 2001; Chen et al. 2003a,

b, 2005; Hong et al. 2004; Zhou et al. 2007;

Parameswaran et al. 2007).

Turbot (Scophthalmus maximus) is a widely culti-

vated marine fish species with high economic value in

Europe and China. However, intensive aquaculture of

this fish species has resulted in outbreaks of diseases

caused by several virus agents such as turbot irido-

virus (Bloch and Larsen 1993), infectious pancreatic
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necrosis virus (IPNV) (Novoa et al. 1993), turbot

herpesvirus (Hellberg et al. 2002), turbot nodavirus

(Johansen et al. 2004) and viral hemorrhagic septice-

mia virus (VHSV) (Nishizawa et al. 2006) with high

mortalities. In China, reddish body syndrome (RBS) is

one viral disease causing mass mortality of turbot

(S. maximus). An iridovirus was isolated from

diseased turbot with RBS and designated TRBIV

(turbot reddish body iridovirus) (Shi et al. 2004).

Little is known about the epidemiology or character-

istics of the virus in turbot due to lack of suitable cell

lines. Thus, a susceptible cell line is urgently required

in turbot for isolation and identification of viruses that

cause viral diseases in this species.

Recently, several cDNA libraries of turbot

immune-relevant tissues have been constructed and

more than one thousand genes were identified (Meng

et al. 2008; Pardo et al. 2008; Park et al. 2009), while

little is known about the detailed functions formation

of these genes. The establishment of suitable cell

lines could help to analyze the function of these

important immune genes.

So far, several cell lines have been developed

from turbot (Tocher et al. 1989; Fernández-Puentes

et al. 1993; Chen et al. 2005). However, there are no

detailed reports of the application of virus suscep-

tibility and foreign DNA transfection in these cell

lines. And importantly, still no reports existed about

the establishment of turbot immune tissues such as

kidney, spleen and so on. In this paper, we described

the establishment and characterization of the turbot

(S. maximus) kidney cell line (TK) for the first time.

Further, the susceptibilities of the TK cells to

LCDV-C (lymphocystis disease virus from China)

and TRBIV were assessed. The expression of a

foreign gene in this new cell line was also examined.

The results showed that the TK is susceptible to

TRBIV and suitable for foreign gene transfection,

suggesting its potential role in virus and gene

function study.

Materials and methods

Primary cell culture and subculture

A healthy turbot weighing 150 g was obtained from

Haiyang Fisheries Company in Yantai, Shandong

Province of China. The fish was anesthetized with

MS-222 and then wiped with 70% alcohol. The kidney

was removed and placed in Minimum Essential

Medium Eagle (MEM) containing antibiotics

(1000U ml-1 of penicillin, 1000U ml-1 of streptomy-

cin). The kidney tissue was minced thoroughly with

scissors and then digested with 0.5% trypsin–EDTA

solution (0.5 g porcine trypsin and 0.2 g EDTA-4Na

per milliliter of 0.9% sodium chloride, sterile-filtered)

for 30 min. The residual liquids filtered with 200-mesh

nylon gauze were transferred into 25-cm2 cell culture

flasks containing 3 ml of MEM with 20 mM HEPES,

20% fetal bovine serum (FBS), 0.05% 2-Mercap-

toethanol (2-Me), and 2 ng ml-1 recombinant human

basic fibroblast growth factor (bFGF). The primary

cells were maintained at 24�C. Half of the growth

medium was changed every 4 days for the first

3 weeks.

When a complete monolayer had formed in

primary culture, confluent cells were digested with

0.25% trypsin–EDTA solution and transferred into a

fresh 25-cm2 flask. Initially, culture cells were

maintained in MEM with 20% FBS; however, after

8 passages the concentration of FBS in MEM was

reduced to 10%.

The growth curve of TK cells

To analyze the growth characteristics of the TK cells,

2 9 104 cells at passage 15 were seeded in every well

of five wells in a 12-well plate with MEM containing

10% FBS and three repeated plates were incubated at

15, 20, 24, and 30�C for growth curve tests. At 1, 2, 3,

4, and 5 days after inoculation, cells in three wells for

each different temperature were trypsinized, and cell

numbers were measured microscopically using a

hemocytometer.

Chromosome analysis

Chromosome preparation for TK cells was carried out

as described with some modifications (Earley 1975).

Briefly, the TK cells at passage 12 were inoculated

into 25-cm2 culture flasks and incubated at 24�C for

24–36 h. Colchicine was added into the cells with a

final concentration of 0.5 lg per ml. After 3 h

incubation, the cells were harvested, treated with

5 ml of 0.075 M KCl for 25 min, and then pre-fixed

for 2 min in 1 ml of Carnoy’s fixative (methanol:

acetic acid = 3:1). After 5 min centrifugation at
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1,500 rpm, the cell pellets were fixed with cold

Carnoy’s fixative for 15 min. After centrifugation,

cells were resuspended in 0.5 ml Carnoy’s fixative at

-20�C for overnight. The next day, the suspension

was dropped on cold glass slides, air dried, and

stained with 5% Giemsa (pH 6.8) for 25 min. Finally,

the slides were observed and photographed under

Nikon Eclipse 80I fluorescence microscope. One

hundred cells at metaphase were counted, and

chromosome karyotype was analyzed according to

the method of Levan (1964).

Virus challenge assay

The viruses LCDV-C and TRBIV, isolated from

diseased Japanese flounder and turbot, respectively,

were used to determine the TK cells virus suscepti-

bilities. The preparation and confirmation of the two

viruses was performed as described in Shi et al. (2004,

2008) and the titration value of LCDV-C and TRBIV

determined based on TCID50 assay was 102 TCID50

ml-1 and 103 TCID50 ml-1. One day before virus

infection, cells at passage 17 were inoculated into

25-cm2 flasks. The infection was carried out by adding

1 ml LCDV-C and TRBIV virus suspension into the

cells, and 1 h later, the virus solution was replaced

with new medium. After infection, the cytopathic

effect (CPE) was observed using a Nikon ECLIPSE

TE2000-U fluorescence microscope every day. Cells

exhibiting CPE and the virus uninoculated cells were

collected for electron microscopy observation.

Electron microscopy

The virus treated and uninoculated cells were fixed

with 2.5% glutaraldehyde in cacodylate buffer

(0.1 M, pH 7.4) for 4 h at 4�C, rinsed in PBS buffer

(0.1 M, pH 7.4) for 10 min three times, and then

postfixed with 1% osmium tetroxide in cacodylate

buffer (0.1 M, pH 7.4) for 2 h. After being rinsed

three times in PBS buffer (0.1 M, pH 7.4) for 10 min,

the specimens were dehydrated in graded ethyl

alcohol (30, 50, 70, 90, 100%) and embedded in

Epon812 epoxy resin. Ultra-thin sections were cut on

a Reichert-Jung Ultracut-E microtome with a dia-

mond knife, mounted on copper grids, stained with

2% uranyl acetate-lead citrate, then examined and

photographed under a JEOL JEM-1200EX transmis-

sion electron microscope.

Cell transfection with GFP reporter gene

A day before DNA transfection, the TK cells at

passage 12 were plated at a density of 3 9 105

cells per well in a 6-well plate at 24�C. More than

eighty percent confluent monolayers were transfec-

ted with pEGFP-N3 vector (Clontech) using lipo-

fectamine 2000 (Invitrogen). Briefly stated, 5 ll

lipofectamine 2000 was added into a 1.5-ml

centrifuge tube containing 245 ll MEM without

FBS. In another centrifuge tube 10 ll pEGFP-N3

(100 ng ll-1) was added with 240 ll MEM without

FBS. After 5 min, the aforementioned two solutions

were mixed together and kept for 25 min at room

temperature. Then 500 ll mixtures were added into

a well of the 6-well plate containing 2 ml MEM

without FBS and cultured at 24�C for 6 h. Then the

medium was replaced with normal medium. After

36 h, the green fluorescence signals were observed

under a Nikon ECLIPSE TE2000-U fluorescence

microscope.

Results

Primary culture and subculture

By the trypsinized method, primary monolayer cells

were obtained from the kidney of turbot (S. maximus)

about 20 days after incubation. The TK cells are

composed of fibroblastic cells (Fig. 1). During the

initial 8 subcultures, a MEM medium containing 20%

FBS was used and the cells were split at a ratio of 1:2

every 8 days. From passage 8 on, the cells were

subcultured in the ratio of 1:2 every 4 or 5 days with

MEM containing 10% FBS. To date, the TK cell line

has been subcultured through more than 50 passages

over about 300 days.

The biphasic growth curve of TK cell line

in different temperatures

The TK cells were able to grow at temperature

between 20�C and 30�C (Fig. 2) with passage 15

cells. The highest growth rate was obtained at 24�C,

when the cell number reached 5.2 9 104 cells ml-1

after 5 days. No obvious cell growth was observed at

15�C in the cells.
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The chromosome analysis of TK cells

The chromosome assay showed that the number of

chromosome ranged from 26 to 84, nevertheless, the

main chromosome number was 44, which occupy

68% in the 100 metaphase cells counted at passage 12

(Fig. 3a). The distribution was symmetrical, and the

number of 2n values less than 44 was almost equal to

that of 2n values greater than 44. The metaphase

(Fig. 3b) with a normal diploid number displayed the

normal karyotype morphology (Fig. 3c) consisting of

2 pairs of mediocentrics, 6 pairs of subtelocentrics,

and 14 pairs of telocentrics (2n = 4m ? 12st ? 28t).

The virus susceptibility of the TK cells

The viruses TRBIV and LCDV-C were used to infect

TK cells at passage 17. The cells inoculated with

TRBIV (Fig. 4b) exhibited morphological changes

including cell shrinkage and cell elongation, com-

pared to the uninoculated control cells (Fig. 4a) after

5 days. There were no significant morphological

changes observed in cells infected with LCDV-C.

Fig. 1 Monolayer cells of the TK cell line. a The cells of primary passage. A region of cell colony has formed. b, c The cells at

passage 40, which were composed of fibroblastic cells. Scale bars = a and b 100 lm, c 50 lm

Fig. 2 The growth of TK cells at passage 15 at different

temperatures between 20 and 30�C. The highest growth rate

was obtained at 24�C, when the cell number reached

5.2 9 104 cells ml-1 after 5 days. No obvious cell growth

was observed at 15�C in the cells

Fig. 3 Chromosome number distribution (a), metaphase (b)

and diploid karyotype (c) of TK cells at passage 12. The main

chromosome number was 44, which consisted of 2 pairs of

mediocentrics, 6 pairs of subtelocentrics, and 14 pairs of

telocentrics (2n = 4m ? 12st ? 28t)
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Electron microscopy observation revealed that the

virus particles were scattered throughout the cyto-

plasm of cells infected with TRBIV (Fig. 4c, d).

Identical with the morphological observation, no

virus particle was found in the cells infected with

LCDV-C. The virus uninoculated cells were used as

the negative control shown in Fig. 4e.

DNA transfection in TK cells

To determine the ability of the TK cell line to be

transfected, the TK cells at passage 12 were trans-

fected with 1 ug plasmid pEGFP-N3. Clear, multiple,

and strong green fluorescence signals were observed

at 36 h after transfection (Fig. 5). This indicated the

reporter gene GFP could express in TK cells.

Discussion

In this study, a turbot (S. maximus) kidney cell line

designated as TK was developed and characterized.

The TK cell line has been subcultured for more than

50 passages over about 300 days.

The highest growth rate of the TK cell line was

obtained at 24�C in MEM medium supplied with 10%

FBS. The optimal temperature of TK cells was similar

with turbot fin cell line (Fan et al. 2007), TEC (turbot

Fig. 4 The virus TRBIV infection in TK cells at passage 17.

The cells inoculated with TRBIV (b) exhibited morphological

changes including cell shrinkage and cell elongation, compared

with the uninoculated control cells (a) after 5 days. c, d

Revealed that virus particles (arrows) were scattered through-

out the cytoplasm of cells infected with TRBIV. e The virus

uninoculated TK cells. Scale bars = a and b 50 lm, c and e
200 nm, d 100 nm. n cell nucleus
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embryonic cell line) (Chen et al. 2005), and higher than

20�C of TV-1 cell line derived from posterior end of

turbot (Fernández-Puentes et al. 1993). The different

tissue origin may be the reason of different suitable

growth temperature of turbot cell lines. As we know,

the optimal temperature range for turbot aquaculture is

14–17�C, while several turbot cell lines including the

TK cell line could obtain good growth condition at

range of 20–25�C, which suggested the large temper-

ature range of fish cell lines.

Karyotype analysis revealed that 68% of the cells

possessed a diploid chromosome number of 2n = 44,

which was identical with the modal number of turbot

(Bouza et al. 1994) and TEC (turbot embryonic cell

line) (Chen et al. 2005).

Susceptibility of cell lines to virus infection is the

basis for isolating and analyzing fish viruses. Although

several cell lines such as TEC and turbot fin cell line

was developed from the turbot, no virus susceptibility

assay was carried out (Chen et al. 2005; Fan et al.

2007). Application of TK cell line for virus detection

was assessed with LCDV-C and TRBIV viruses. The

results showed that TK cell line exhibited no suscep-

tibility to LCDV-C virus and high susceptibility to

TRBIV. Electron microscopy detected a large number

of virus particles in the cytoplasm of TRBIV-infected

TK cells. This indicated that the TK cell line had

different susceptibility to virus from different species.

As we know, LCDV-C was isolated from Japanese

flounder (Xu et al. 2000; Sun et al. 2000; Zhang et al.

2003), while TRBIV was isolated from turbot (Shi

et al. 2004). In another parallel experiment, a southern

flounder kidney cell line showed high sensitivity to

LCDV-C (Wang et al. unpublished data). This exper-

iment results were also identical with previous study

(Iwamotoa et al. 2002) which found that of the 39 fish

cell lines tested, only the HINAE cell line (Japanese

flounder embryonic cell line) exhibited a cytopathic

effect to JF-LCDV (Japanese flounder lymphocystis

disease virus). These experiments both proved that fish

LCDV had highly cell-specific susceptibility to differ-

ent fish cell lines.

In the transfection experiment with pEGFP-N3

plasmid DNA, the TK cell line expressed the reporter

gene efficiently and produced signals at 36 h after

transfection. And the transfection efficiencies in TK

cells was higher than in GSC (grouper snout cell line)

(Zhou et al. 2007), SIMH (milkfish heart cell ine) and

SIGE (grouper eye cell line) (Parameswaran et al.

2007), which suggested that the TK cells was more

suitable for in vitro study of exogenous genes.

In conclusion, a new marine fish cell line TK was

established from the kidney of turbot, which is the first

report of a cell line derived from turbot immune-related

tissues. In the preparation of this paper, this cell line has

also been used into the sub-cellular location analysis

and RNAi assay of turbot hepcidin and grim19 (gene

associated with retinoid-interferon-induced mortality-

19) genes, as well as the proliferative activity of turbot

IGF-1 (insulin-like growth factor 1) recombinant

protein (Zhao et al. 2010), which further confirmed

the utility of TK cell line in genetic study. And

importantly, more fish virus’ susceptibility to TK cell

line need to be detected, which could progress the study

of this cell line in virus isolation and cell–pathogen

interaction study. Anyway, the present study suggested

that the TK cell line could serve as a useful tool for fish

virology and genetics.
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Vázquez M, Cabaleiro S, Magariños B, Lemos ML, Leiro

JM, Martı́nez P (2008) Expressed sequence tags (ESTs)

from immune tissues of turbot (Scophthalmus maximus)

challenged with pathogens. BMC Vet Res 4:37

Park KC, Osborne JA, Montes A, Dios S, Nerland AH, Novoa

B, Figueras A, Brown LL, Johnson SC (2009) Immuno-

logical responses of turbot (Psetta maxima) to nodavirus

infection or polyriboinosinic polyribocytidylic acid (pIC)

stimulation, using expressed sequence tags (ESTs) anal-

ysis and cDNA microarrays. Fish Shellfish Immunol

26:91–108

Petersen OW, Gudjonsson T, Villadsen R, Bissell MJ, Rønnov-

Jessen L (2003) Epithelial progenitor cell lines as models

of normal breast morphogenesis and neoplasia. Cell Prolif

36:33–44

Shi CY, Wang YG, Yang SL, Huang J, Wang QY (2004) The

first report of an iridovirus-like agent infection in farmed

turbot Scophthalmus maximus in China. Aquaculture

236:11–25

Shi CY, Huang J, Yang B, Liu L (2008) PCR method for

detection of turbot reddish body iridovirus (TRBIV):

development and application. J Fish Sci China 15:830–836

Sun XQ, Qu LY, Zhang JX (2000) Pathogenicity and immu-

nogenicity of lymphocystis virus of Japanese flounder

(Paralichthys olivaceus). High Technol Lett (9):19–21

Tocher D, Carr J, Sargent JR (1989) Polyunsaturated fatty acid

metabolism in fish cells: differential metabolism of (n_3)

and (n_6) series acids by cultured cells originating from

fresh water teleost fish and from marine teleost fish. Comp

Biochem Physiol B 94:367–374

Xu HT, Piao CA, Jiang ZL, Wang WX (2000) Study on the

causative agent of lymphocystic disease in cultured

flounder Paralichthys olivaceus, in China. China J Virol

(16):223–226

Zhang QY, Ruan HM, Li ZQ, Yuan XP, Gui JF (2003)

Infection and propagation of lymphocystis virus isolated

from the cultured flounder Paralichthys olivaceus in grass

carp cell lines. Dis Aquat Org (57):27–34

Fish Physiol Biochem (2010) 36:1227–1234 1233

123



Zhao XJ, Chen SL, Wang N, Wang XL, Xing SC (2010)

Cloning, recombinant expression and purification of tur-

bot (Scophthalmus maximus) mature IGF-1. J Fish China

34:1–7

Zhou GZ, Li ZQ, Yuan XP, Zhang QY (2007) Establishment,

characterization, and virus susceptibility of a new marine

cell line from red spotted grouper (Epinephelus akaara).

Mar Biotechnol (NY) 9:370–376

1234 Fish Physiol Biochem (2010) 36:1227–1234

123


	Development and characterization of a new marine fish cell line from turbot (Scophthalmus maximus)
	Abstract
	Introduction
	Materials and methods
	Primary cell culture and subculture
	The growth curve of TK cells
	Chromosome analysis
	Virus challenge assay
	Electron microscopy
	Cell transfection with GFP reporter gene

	Results
	Primary culture and subculture
	The biphasic growth curve of TK cell line in different temperatures
	The chromosome analysis of TK cells
	The virus susceptibility of the TK cells
	DNA transfection in TK cells

	Discussion
	Acknowledgements
	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


