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ABSTRACT

In this study, twenty isolates of Ascochyta rabiei were isolated from disease-enfecteol chickpea plants which
were collected from chickpea growing areas in Turkey. In order to determine solanapyrone production of these
isolates, the fungus was grown on Czapek Dox liquid culture medium (CDLCM) for 12 day at two different
temperatures. Quantitation of solanapyrones was determined with HPLC analyses. The results demonstrated that all
isolates produced solanapyrone A in CDLCM at 20°C but not at 30°C.

Confirmation of the identity of the pathogen was sought by sequence analysis of rDNA. These experiments
showed that the sequences of the internal transcribed spacers (ITS) and 5.8 S gene of the seven isolates, which were
identical to each other, were also identical to that of a Pakistan isolate of 4.rabiei. IDNA sequences of the PCR
products of isolates of 4.rabiei which were produced different amount of toxin were same.
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INTRODUCTION

Chickpea (Cicer arietinum L.) is an important legume crop in several parts of the world, such as West Asia,
North Africa, Central and South America (Nene 1982; Singh and Reddy 1990). It is the most produced legume crop
of Turkey (Anonymous 2008). The most important disease of chickpea is Ascochyta blight caused by Ascochyta
rabiei (Pass.) Labr. Serious crop losses occur when environmental conditions, especially cool, wet weather, favour
disease development and spread (Singh and Reddy 1990). This fungus, which is known to be seed-borne, causes
characteristic dark necrotic lesions on the stems, leaves and pods of the host, and severe infection can kill the plants
(Maden et al. 1975; Nene 1982).

The taxonomy of Ascochyta species have been based on morphology and host plant association.
Classification systems based upon data from morphological studies have been mostly successful. However, in some
cases, morphology has been unsuccessful in characterizing fungi. Recently, significant advances in fungal taxonomy
and identification have come about through DNA analysis. A wide range of molecular techniques are available for
the identification of fungi, including Restriction Fragment Length Polymorphism (RFLP) and Random Amplified
Polymorphic DNA (RAPD). Fungi of the genus Ascochyta have not been extensively studied by molecular tools.
Some publications describe DNA fingerprinting of 4. rabiei, by means of RFLPs (Weising et al. 1991), RAPD
(Fischer et al. 1995) and the RAPD-like PCR technique (DAF)-DNA amplification fingerprinting (Kaemmer et al.
1992). RFLP has been used to solve systematic problems in the genus Phytophthora (Forster et al., 1990), to
characterize Pythium species (Wang and White, 1997) and to determine genetic polymorphism among isolates of 4.
rabiei (Morjane et al., 1994). A large group of A. rabiei isolates were analysed by RAPD but analysis of the
combined data failed to reveal any correlation between amplification patterns and pathotype clasification (Fisher et
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al. 1995). Fatehi and Bridge (1998) detected multiple rRNA-ITS regions within nine cultures of Ascochyta and
Khan et al.(1999) distinguished A.rabiei from Phoma medicaginis var pinodella both of which were found in lesions
on chickpea in Australia.

Sequence data of an appropriate part of the fungal genome provides unequivocal identification of fungal
species. Analysis of DNA sequences, particularly those of the ribosomal repeat unit, has proved to be a definitive
and rapid method for the identification and taxonomic studies of fungi as well as for the studies of evolution and
speciation (White et al. 1990). This technique has been used to identify fungi and to delineate species (Sherriff et
al. 1995: Kusaba and Tsuga 1995).

An organism may damage plants by secreting one or more toxins. Early symptoms of Ascochyta blight
include epinasty, loss of turgor and cellular disintegration. It has been suggested that such symptoms could result
from toxin production by the pathogen (Hohl et al. 1991, Hamid and Strange 2000). In liquid culture, isolate of
A.rabiei have been reported to synthesizses a total of four toxic compounds; solanapyrone A, B, C and cytochalasin
D (Alam et al. 1989; Hohl et al. 1991; Latif et al. 1993) which are released in the culture medium. Solanapyrones
A, B and C were first found in culture filtrates of Alternaria solani, the causal agent of early blight of tomato and
potato (Matern et al. 1978). The chemical structure of these toxins were elucidated by NMR-spectroscopy and
mass- spectrometry (Ichihara et al.,1983). Phoma exiqua var. heteromorpha, which was formerly known as
Ascochyta heteromorpha, produced cytochalasins A, B, U and V when grown on a semi-synthetic medium (Capasso
etal. 1991)

The objective of this research was to determine production of toxin by Turkish isolates of A.rabiei and
demonstrate DNA sequence of A.rabiei isolates which produced different amount of toxin or not.

MATERIALS and METHODS
Ascochyta rabiei Isolates

Isolates of Ascochyta rabiei, designated T 1-22, were isolated from diseased leaves, stems and pods of
chickpea collected from chickpea growing areas in different regions (Central Anatolia, South Eastern Anatolia and
Aegean) of Turkey. These cultures were cultivated on the CSMDA medium (Chickpea Seed Meal Dextrose Agar:
chickpea meal 40 g, dextrose 20 g, agar 20 g, distilled water 1 1) at 20+2°C with a 12 h period of near UV light for
10 days. From these cultures, single spore isolates were obtained. Inoculum was further multiplied on chickpea
seeds according to Alam et al. (1987). After incubation at 20°C for 7-10 days the inoculated seeds were agitated
with sterile distilled water and the spores suspended in 10% glycerol (10’ spore ml™" ). The suspension was distributed
to 1.8 ml Nunc tubes in 1 ml aliquots and were stored in liquid nitrogen.

Toxin Production and HPLC Analysis

The fungus was grown on Czapek Dox liquid culture medium, consisting of Czapek Dox nutrients
supplemented with zinc sulphate (50 mg/l), manganese chloride (20mg/l), calcium chloride (100mg/l), cobalt
chloride (20mg/1), cupric chloride (20mg/1) per litre (CDLCM; Chen and Strange, 1991). After distribution to 250
ml Erlenmeyer flasks (30 ml per flask) and autoclaving, each flask was inoculated with 30pl spore suspension (10’
spores ml™") of A.rabiei and incubated without shaking at 20°C and 30°C in continuous light for 12 days. The fungus
was removed by filtration through 6 layer of muslin and filtered using Whatman No.1 filter paper. Mycelial mats
and the relatively few spores were discharged and dried at 80°C for 48 h to give a measure of fungal growth.
Samples of the filtrates (30 ml) were passed through an Isolute 1g C18 cartridge (International Sorbent Technology
Ltd., Mid Glamorgan, UK) and after washing with water (5.0 ml), toxin was eluted with acetonitrile (100%:2.0ml).
Samples of the acetonitrile eluate (20ul) were injected onto a Philips HPLC consisting of a PU4100 quaternary
pump, PU4021 diode array detector and computer equipped with PU6003 diode array software for data handling.
The stationary phase was a Jones Chromatography C18 column ODS (5um particle size: 4.6 x 150 mm: Jones
Chromatography Ltd., Mid Glamorgan, UK). The column was developed with a mobile phase consisting of
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tetrahydrofuran 20.6%, methanol 23.1% and bidistilled water 56.3% at a flow rate 1.0 ml/min. The solanapyrones
were recognized by their retention times and their characteristic UV spectra, which were compared with authentic
samples. Chromatograms were abstracted from the chromascans at A=327nm and solanapyrone A quantified by
reference to an external standard of the compound.

Growth of Ascochyta rabiei and DNA Extraction

Isolates (T-4, 5, 9, 10, 14, 15 from Turkey and P-8 from Pakistan) were grown in a medium consisting of
Czapek-Dox Nutrients (45.5 g: Oxoid, Unipath Ltd., UK), bacto peptone (1g), yeast extract (1g), casein hydrolysate
(1g), dissolved in 1 L water and supplemented with 200 ml of clarified V-8 juice (Campbell Grocery Products Ltd.,
UK) prepared by filtering the juice through four layers of muslin and centrifuging at 2000°g for 5 min. The medium
was distributed to 250 ml Erlenmeyer flasks (100 ml per flask) and autoclaved at 121°C for 20 minutes. After
cooling to room temperature, 0.01g of Streptomycin sulphate was added to each flask. Spore suspension (100 pl:
1x107 spore/ml) of isolates, which were stored in liquid nitrogen, were used to inoculate the medium. After
incubation for 3 days at 25°C on an orbital shaker the mycelia were harvested. DNA was extracted using a
commercial kit (Nucleon Phytopure Plant DNA Extraction Kit, Scotlab, UK) according to the manufacturer's
instructions. Precipitated DNA was resuspended in 180 ul of TE buffer (10mM Tris-HCI, ImM EDTA, pH 8.0) and
20ul RNase (1Img/ml) was added. After incubation at 37°C for 1 hour on a shaker, DNA concentration and purity
was ascertained by monitoring UV absorption at 260 and 280 nm and by electrophoresis in 1% agarose gel
containing ethidium bromide (0.2 ug ml™ gel).

DNA Amplification

The two internal transcribed spacers (ITS1 and ITS2) and the 5.8S rDNA were amplified with the primer
pairs ITSIF (5'-CTTGGTCATTTAGAGGAAGTAA-3") (Gardes and Bruns, 1993) and ITS4 (5'-
TCCTCCGCTTATTGATATGC-3") (White et al. 1990). Each DNA sample (50ng) and the two primers (10pmol of
each) were added to a “Ready to Go” PCR bead (Amersham Pharmacia Biotech Inc., Sweden) which contained 1.5
units of Taq DNA polymerase, 10 mM Tris-HCI (pH 9.0), 50mM KCI, 1.5mM MgCl, and 200 uM of each dNTP
when brought to a final volume of 25 pl. The PCR conditions were 40 cycles of 1 min at 94°C, 45 s at 50°C, 2 min
at 72°C, followed by a final extension step of 5 min at 72°C (Fatehi and Bridge 1998) PCR products were
electrophoresed in 1.7 % agarose gel.

DNA Sequencing and Analysis

DNA sequencing of PCR products were performed using the ABI PRISM Big Dye Terminator Cycle
Sequencing Ready Reaction Kit (Protocol number 4303152) with Ampli7ag DNA polymerase (Perkin Elmer
Corporation) using an ABI PRISM 377 DNA Sequencer according to the manufacturer's instructions. Primers
ITS1F and ITS4 (Gardes and Bruns, 1993; White et al. 1990) were used to sequence the PCR products.

The sequences of the PCR products were aligned by the clustal method using the programme MAGI
(Multiple Alignment General Interface) at the HGMP-RC (Human Genome Mapping Project Resource Centre;
www.hgmp.mrc.ac.uk) according to the service providers instructions.

A reference A.rabiei sequence was obtained from CABI and compared with sequences from the Turkish
isolates using the cluster method of MAGI.
RESULTS AND DISCUSSION
Production of Solanapyrone A by Ascochyta rabiei Isolates

The variation in solanapyrone A concentrations of the culture filtrates from 21 isolates of A.rabiei is shown
in Fig.1. Toxin production varied from 0.89 to 11.0 pg/g dry weight of mycelium after 12 days on Czapek-Dox
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Liquid Cation Medium (CDLCM) at 20°C. Isolate T-21 produced the highest concentrations of the solanapyrone A
with values of 11.0 pg/g dry weight of mycelium. T-17, T-15 and T-12 produced 8.79, 8.04 and 7.73 solanapyrone
A ng/g dry weight of mycelium on the same medium, respectively. Three isolates (T-1, T-22 and T-11) produced
small amounts of sol A. All of 20 Turkish isolates produced solanapyrone A on CDLCM but not sol B and sol C.

No solanapyrones were detected in culture filtrates of any isolates incubated at 30°C.

Solanopyrone A

12

pg/mldry weight mycellium
oN B O ®

TL T2 T3 T4 T5 T6 T7 T9 T10T11T12T13T14TI5TI6T1I7T13T20T21T22 P8

isolate name

Figure 1. Production of solanapyrone A (ug/g dry weight mycelium) of isolates Ascochyta rabiei grown on Czapek-Dox Liquid Cation Medium

The solanapyrones were first described as products of Alternaria solani, the causal agent of early blight of
potato and tomato (Ichihara et al. 1983). Alam et al. (1989) isolated two toxins from culture filtrates of Ascochyta
rabiei and identified them as solanapyrones A and C. Further work in which the fungus was grown on chickpea
seed extract with glucose or Richard’s medium (H6hl et al 1991) or a defined medium (Chen and Strange 1991)
allowed additionally the production of solanapyrone B. Latif et al. (1993) found one of nine strains of the A.rabiei
produced a cytochasin which was identified as cytochalasin D. The results reported in this paper demonstrate the
capacity of twenty one pathogenic isolates of the fungus to synthesize phytotoxic compounds in vitro. All of the
isolates produced solanapyrone A in CDLCM at 20°C but not at 30°C.

It is known that many toxins are responsible for pathogenicity of fungus (Wheeler and Luke 1955, Nadel and
Spiegel-Roy 1988, Vidhyasekaran et al. 1990). Whereas it is not difficult to show the relevance of host-selective toxins
to pathogenicity since isolates that lose their ability to produce toxin are non-pathogenic, it is more difficult to
demonstrate the role of non-selective toxins in disease (Strange 1998). Solanapyrone compounds by the fungus
A.rabiei are not selectively toxic but the symptoms caused by the solanopyrone A, epinasty, chlorosis and necrosis, are
consistent with the disease (Strange 1997). Furthermore cuttings allowed to take up solanopyrone A lodged, a symptom
typical of the disease (Hamid and Strange 2000). Solanapyrone produced by A.rabiei may therefore be related to the
virulence of the pathogen.

Sequence Data

DNA was successfully extracted from six Turkish isolates of A4.rabiei which produced different amounts
solA and a Pakistan isolate of fungus using the commercial kit .An amplicon of about 600 bp was obtained with the
primers ITS1F and ITS4 from all isolates. Sequencing of the amplicons which contained the ITS1 region (139bp),
the 5,8 S gene (158bp) and ITS2 region (143bp) showed that they were identical (Fig2).

Confirmation of the identity of the pathogen was sought by sequence analysis of rDNA. These experiments
showed that the sequences of the internal transcribed spacers and 5.8 S gene of the six Turkish isolates, which were
identical to each other and, were also identical to that of a Pakistan isolate of A.rabiei. Thus, the causal agent of
blight of chickpea in Turkey was additionally confirmed to be A.rabiei at the molecular level. Two interpretations of
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the perfect match of the DNA sequences of the Turkish and the Pakistan isolates are that either these regions are
particularly conserved within in A.rabiei or that the Pakistan and Turkish isolates are of common origin. A.rabiei
isolates obtained from Paul Bridge (CABI) contained one more base pair in ITS1 region (140bp) than Turkish and
Pakistan isolates of A.rabiei.

ITS

1CCTAGAGTTTGTGGGCTTTGCCCGCTACCTCTTACCCATGTCTTTTGAGTACTTACGTTTCCTCGGCGGGTCCGCCCG
CCGATTGGACAAAATCAAACCCTTTGCAGTTGCAATCAGCGTCTGAAAAACATAATAGTTA

588

CAACTTTCAACAACG GATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAA
TTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCCTTGGTATTCCATGGGGCATGCCTGTTCGAGCGTCATTT

ITS 2

GTACCTTCAAGCTTTGCTTGGTGTTGGGTGTTTGTCTCGCCTCTGCGTGTAGACTCGCCTTAAAACAATTGGCAGCCGGCG

TATTGATTTCGGAGCGCAGTACATCTCGCGCTTTGCACTCATAACGACGACGTCCAAAAGTA

Figure 2. Sequences of the internal transcribed spacer (ITS) 1, the 5.8 S and the ITS2 regions (440bp in total) of
the Turkish isolates of Ascochyta rabiei.

Ribosomal DNA (rDNA) sequences have been aligned and compared in a number of living organism. Studies
of rDNA sequences have been used to infer phylogenetic history across a very broad spectrum, from studies among
the basal lineages of life to relationships among closely related species and populations (Hillis and Dixon 1991).

In this study, all isolates were confirmed as A4.rabiei by rDNA sequencing and they all produced solanapyrone
A although the amounts were variable. These data provide additional evidence for the importance of solanopyrone A
to the pathogen since if its production were gratuitous some isolates would be expected not to produce the
compound, particularly as the fungus has a sexual stage, Didymella rabiei.
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OZET

NOHUTTA ASCOCHYTA YANIKLIKLIK ETMENI ASCOCHYTA RABIEI’NIN TURK
iZOLATLARININ TOKSIN URETiMi VE DNA SEKANS ANALIZLERI

Bu calismada 20 adet Ascochyta rabiei izolati Tiirkiye’nin nohut {iretimi yapilan alanlarindan toplanan
hastalikl1 nohut bitkilerinden izole edilmistir. izolatlar solanapyrone iiretimlerinin belirlenmesi icin 12 giin siireyle
iki farkli sicaklikta Czapek Dox sivi kiiltiir ortamimda (CDLCM) gelistirilmislerdir. Solanapyronlarin kantitatif
ol¢iimleri HPLC analizi ile yapilmustir. Tiim izolatlarin sivi ortamda (CDLCM) 20°C de solanapyrone A iirettikleri
buna karsin 30°C de iiretmedikleri tespit edilmistir.

Patojenin teshisinin dogrulanmasi rDNA sekans analizi ile yapilmistir. Bu ¢alismada yedi izolatin ITS ve 5.8
S gen bdlgelerinin sekanslarinin hem birbirleri ile hem de A4.rabiei’nin Pakistan izolati ile ayni oldugu goriilmiistiir.
Farkli miktarlarda toksin lireten A.rabiei izolatlarinin PCR iiriinlerinin rDNA sekanslar1 ayni bulunmustur.

Anahtar kelimeler: Solanapyrone, Ascochyta rabiei, Nohut, DNA Sekans.

35



TOXIN PRODUCTION AND DNA SEQUENCE ANALYSIS OF TURKISH ISOLATES OF
ASCOCHYTA RABIEI, THE CAUSUAL AGENT OFASCOCHYTA BLIGHT IN CHICKPEA

LITERATURE CITED

Alam, S.S., Strange, R.N. and Qureshi, S.H., 1987. Isolation of Ascochyta rabiei and a convenient method for
copious inoculum production. The Mycologist, 21: 20.

Alam, S.S., Bilton, J.N., Slawin, A.M.Z., Williams, D.J., Sheppard, R.N. and Strange, R.N. 1989. Chickpea blight:
production of the phytotoxins solanapyrones A and C by Ascochyta rabiei. Phytochemistry, 28:2627-2630.

Anonymous, 2008. F.A.O. http://www.fao.org. (Date accessed: May 2008)

Capasso, R., Evidente, A. and Vurro, M.,1991. Cytochalasins from Phoma exiqua var heteromorpha.
Phytochemistry, 30:3945-3950.

Chen, Y.M. and Strange, R.N., 1991. Synthesis of the solanapyrone phytotoxins by Ascochyta rabiei in response to
metal cations and development of a defined medium for toxin production. Plant Pathology, 40:401-407.

Chen, Y.M., Peh, E.K. and Strange, R.N., 1991. Application of solvent optimisation to the separation of the
phytotoxins, solanopyrone A,B and C from culture filtrates of Ascochyta rabiei. Bioseparation,2:107-113.

Fatehi, J. and Bridge, P., 1998. Detection of multiple rRNA-ITS regions in isolates of Ascochyta. Mycological
Research, 102:762-766.

Fischer, C., Porta-Puglia, A. and Barz, W.,1995. RAPD analysis of pathogenic variability in Ascochyta rabiei. J.
Phytopathology, 143:601-607.

Forster, H., Oudemans, P. and Coffey, M.D., 1990. Mitochondrial and nuclear DNA diversity within six species of
Phytophthora. Experimental Mycology, 14:18-31.

Hamid K and Strange RN. 2000. Phytotoxicity of solanopyrone A and B produced by the chickpea pathogen
Ascochyta rabiei (Pass.)Labr. and apparent metabolism of solanopyrone A by chickpea tissues. Physiol. and
Mol. Plant Pathol. 56:235-244.

Hillis, D.M. and Dixon, M.T., 1991. Ribosomal DNA: molecular evolution and phylogenetic inference. The
Quarterly Review of Biology, 66:411-453.

Hohl, B., Weidemann, C., Hohl, U. and Barz, W. 1991. Isolation of solanapyrone A, B and C from culture filtrates
and spore germination fluids of Ascochyta rabiei and aspects of phytotoxin action. J. Phytopathology,
132:193-206.

Ichihara, A., Tazaki, H. and Sakamura, S., 1983. Solanapyrones A, B and C, phytotoxic metabolites from the fungus
Alternaria solani. Tetrahedron Letters, 24: 5373-5376.

Kaemmer, D., Ramser, J., Schon, M., Weigand, F., Saxena, M.C., Driesel, A.J., Kahl, G. and Weising, K., 1992.
DNA fingerprinting of fungal genomes: a case study with Ascochyta rabiei. Advance Molecular Genetics, 5:
255-270.

Khan, M.S.A, Ramsey, M,D,,Corbiere,R., Infantino, A., Porta-Puglia, A., Bouznad, Z. and Scott, E.S.1999.
Ascochyta blight of chickpea in Australia: identification, pathogenicity and mating type .Plant Pathology.
48:230-234.

Kusaba, M. and Tsuge, T. 1995. Phylogeny of Alternaria fungi known to produce host-specific toxins on the basis of
variation in internal transcribed spacer of ribosomal DNA. Current Genetics. 28: 491-498.

Latif, Z., Strange, R.N., Bilton, J. and Riazuddin, S., 1993. Production of the phytotoxins, solanapyrones A and C
and cytochalasin D among nine isolates of Ascochyta rabiei. Plant Pathology, 42:172-180.

Maden, S., Singh, D., Mathur, S.B. and Neergaard, P., 1975. Detection and location of seed-borne inoculum of Ascochyta
rabiei and its transmission in chickpea (Cicer arietinum L.). Seed Science & Technology, 3:667-681.

Matern, U., Strobel, G.A. and Shepard, J., 1978. Reaction to phytotoxins in a potato population derived from
mesaphyll protoplasts. Proceedings of the National Academy of Science, USA. 75:4935-4939.

Morjane, H., Geistlinger, J., Harrabi, M., Weising, K. and Kahl, G., 1994. Oligonucleotide fingerprinting detects
genetics diversity among Ascochyta rabiei isolates from a single chickpea fields in Tunisia. Current Genetics,
26:191-197.

36



F. S. DOLAR

Nadel, B. and Spiegel-Roy, P.,1988. Selection of citrus-limon culture variants to mal secco toxin. Plant Science,
53:177-182.

Nene, Y.L., 1982. A review of ascochyta blight of chickpea. Tropical Pest Management, 28:61-70.

Sherriff, C., Whelan, M.J., Arnold, G.M. and Bailey, J.A., 1995. rDNA sequence analysis confirms the distinction
between Colletotrichum graminicola and C. sublineolum. Mycological Research, 99:475-478.

Singh, K.B. and Reddy, M.V., 1990. Pattern of resistance and susceptibility to races of Ascochyta rabiei among
germ plasm accesions and breeding lines of chickpea. Plant Disease, 74:127-129.

Strange, R.N., 1997. Phytotoxin associated with Ascochyta species. In Toxins in Plant Disease Development and
Evolving Biotechnology (Upadhyay, R.K. and Mukerji, K.G., eds). New Delhi: Oxford&IBH Publishing Co.
Pvt. Ltd.,pp 167-181.

Strange, R.N., 1998. Plants under attack II. Science Progress, 81:35-68.

Vidhyasekaran, P.,Ling,D.H., Borromeo, E.S., Zapata, F.J. and Mew, T.W. 1990. Selection of brown spot-resistant
rice plants from Helminthosporium oryzae toxin resistant calluses. Annals of Applied Biology, 117, 515-523.

Wang, P.H. and White, J.G. 1997. Molecular characterization of Pythium species based on RFLP analysis of the
internal transcribed spacer region of ribosomal DNA. Physiological and Molecular Plant Pathology, 51:129-
143.

Weising, K., Kaemmer,D., Epplen, J., Weigend, F., Saxena, M. and Kahl G. 1991. DNA fingerprinting of Ascochyta
rabiei with synthetic oligodeoxynucleotides. Current Genetics, 19:483-489.

Wheeler, H. and Luke, H.H. (1995). Mass screening for disease-resistant mutants in oats. Science, 122:1229.

White, T.J., Bruns, T., Lee, S. and Taylor, J. 1990. Ampflication and direct sequencing of fungal ribosomal RNA
genes for phylogenetics. In PCR Protocols, a Guide to Methods and Applications (Innis, M.A., Gelfand,
D.H., Sninsky, J.J. and White, T.J., eds.) San Diego, Academic Press., 315-322.

37







<<
  /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


