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ABSTRACT: Prevention and therapy of thrombotic diseases have attracted much attention in developed countries during recent
years. Investigators have been looking for cheaper and safer thrombolytic agents for therapy of thrombotic diseases. Recently, we
have discovered a fibrinolytic protease from Schizophyllum commune. In this study, the protease was proven to degrade blood clot
effectively. Seven divalent metal ions were used to test the selectiveness on enhancing protease activity. The treated rat blood was
traced by thromboelastography to assess the viscoelastic properties of whole blood. As the result, fibrinolytic activity of the protease
was enhanced remarkably by Mg?" in reducing the strength of blood clot and showed the innovative anti-thrombotic effects. This is
the first study of anti-thrombotic effects from fungal-derived fibrinolytic protease using thromboelastography and delineates the

efficacy of magnesium supplementation in enhancement of thrombolytic activity from S. commune fibrinolytic protease.
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INTRODUCTION

Myocardial infarction, ischemic stroke and many
serious cardiovascular diseases are caused by abnormal
clot, or thrombus, which interferes with blood flow,
oxygen and nutrient transportation in arteries or veins. In
hemostasis, clot is important in wound healing by
termination of bleeding and must be efficiently dissolved
via fibrinolysis, induced by plasmin. The imbalance
between clotting and fibrinolysis results in harmful
thrombus or hemorrhage observed in humans (Norris,
2003). Intravenous administration of thrombolytic
agents has become widely accepted therapy in clinical
setting for thrombotic diseases (de Bono, 1995). Current
clinical thrombolytic agents are plasminogen activators
that convert the proenzyme plasminogen to the active
enzyme plasmin, which degrades fibrin (Collen and
Lijen, 2005). Recently, new thrombolytic agents are
developed for fibrin-specific property, acting on the
surface of thrombus that avoids excessive induction of
systemic fibrinolytic system. These agents can reduce
bleeding tendency induced by tissue type plasminogen
activator (t-PA), single-chain urokinase-type PA
(scu-PA) and staphylokinase (Ueshima and Matsuo,
2006). Because of the limited efficacy and the risk for
internal  hemorrhage with orally administrated
thrombolytic agents, investigators are looking for
cheaper and safer agents to resolve this problem (Peng et
al., 2005).

Although carpophores and mushroom-derived
compounds have been used clinically as therapeutic
agents, their anti-thrombotic effects have not been
thoroughly investigated (Sullivan et al., 2006).
Schizophyllum commune is a commonly found
mushroom that is known for its fibrinolytic activity with
currently unclear mechanism. In research, a cheese-like
food which exhibited thrombosis prevention activity was
produced by S. commune derived enzymes
(Okamura-Matsui et al., 2001). Usage of herbal
medicine such as S. commune is popular amongst
patients whom suffer from thrombotic diseases. The
therapeutic effects on haemostasis of herbal medicine
have been suggested as platelet inhibition,
antithrombotic enzymes production, and thrombin-
fibrinogen binding inhibition (Doljak et al., 2001; Kwok
et al., 2005). The purpose of present study is to prove the
anti-thrombotic functions of S. commune and to examine
them via metal ions test through thromboelastography.

MATERIALS AND METHODS

Submerged fungi culture

Schizophyllum  commune was obtained from
Bioresource Collection and Research Center (BCRC,
R.O.C.). It was cultured via submersion in YM broth
(composed of enzymatic digestive gelatin, malt extract,
dextrose and yeast extract) purchased from Acumedia,
Neogen Corporation (Lansing, MI). Submerged cultures
were maintained with constant stirring for 7 days at 28°C
ina 15 L bottle.
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Experimental animal and blood sampling

Animal studies and experimental procedures were
performed in accordance with the protocol approved by
the Nation Taiwan University Animal and Use
Committee. Four-weeks-old male Wistar rats were
acquired from Laboratory Animal Center at College of
Medicine (National Taiwan University, NTU) and
maintained in standard housing condition. Rats are
anaesthetized by i.p. pentobarbital sodium salt (50
mg/kg) (Siegfried CMS, Zofingen, Switzerland) and
blood was withdrawn by cardiac puncture and stored in a
BD Vacutainer” (Becton, Dickinson and Company)
without anticoagulant, and another with 0.1 M sodium
citrate for citrated whole blood.

Purification of fibrinolytic protease

Fibrinolytic protease of Schizophyllum commune
was extracted from culture broth and isolated by
sequential use of hydrophobic, ion-exchange, and
gel-filtration  chromatography.  Purified protease
characterization and fibrinolytic activity identification
were investigated and published (Lu et al., 2010).

Determination of protein concentration

Protein concentration of purified protease from S.
commune was determined by Bio-Rad Protein Assay Kit
I with bovine serum albumin as the standard.

Clot degradation test

Rat blood was withdrawn without anticoagulant. A
column piece of clot from BD Vacutainer™ tube was cut
into disks in 0.5 cm height. Clot disk was placed on Petri
dish, followed by dropping 0.2 pg and 0.5 pg S.
commune fibrinolytic protease on clot disks and
incubated in 20°C for 8 hrs to observe the clot
degradation effects. Twenty microliter 50 mM phosphate
buffer was dropped on clot disk as the control treatment
and another clot disk as the blank without treatment.

Assay of protease activity

Protease activity was determined by measuring the
release of acid-soluble peptides from azocasein that was
used as the substrate for human plasmin (Hummel et al.,
1965). In short, eluted protein fraction (100 plL) was
mixed with 100 pL 0.5% azocasein solution and
incubated at 37°C for 20 min, followed by the addition of
ice-cold 10% (W/V) trichloroacetic acid to stop reaction
and subsequently, by centrifugation for 15 min at
10,000xg at 4°C. The supernatant was mixed with an
equal volume of 0.5 N NaOH, and the contained
fibrinolytic activity was measured by the absorbance at
440nm. The blank absorbance was measured using
boiled protein fraction and had followed the same
procedures described above.
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Effect of divalent metal ion on protease activity

The effects of divalent metal ions were investigated
using MgClz, COC]Q, Caclz, chlz, C4H604ZH'2H20,
CuSOy, Pb(NOs), or PBS (control). Three replicates of 90
pL protease solution were mixed with 10 pL 10 mM
divalent metal ion solution for 1 hr at 37°C. After
incubation, the residual protease activity was measured
using azocasein assay. The effects of metal ions on
protease activity were expressed as percentage of
absorbance relative to the control (at 100%).

Thromboelastography (TEG) technique

TEG analysis was used to measure the dynamics of
blood clot formation. A rod is suspended in a cup of blood
by torsion wire. As the clot was formed, fibers composed
of platelets and fibrins increased the torque on the rod by
increasing viscosity. The rod’s movement is restricted, and
the change in the shear elasticity of the blood as a function
of time is thus plotted by TEG" Analytical Software. The
following measurements were obtained: R value (reaction
time - the time blood is placed in the TEG until initial
fibrin formation), K value (coagulation time - the time to
clot formation), a value (angle - a measurement of the
velocity of clot formation) and MA value (maximum
amplitude - maximum strength of the developed clot)
(Chandler, 1995; Landskroner et al., 2005).

Thromboelastography (TEG) analysis of fibrinolytic
protease coexist to Mg“

Fresh blood was withdrawn from Wistar rat and
citrated with 10% 0.1 M sodium citrate, then stored at 4°C
for up to 150 min for TEG analysis. Proteases or
magnesium solution were prepared in 20 uL. with 50 mM
phosphate buffer and loaded in cup of TEG system. Before
insertion of the rod to the cup, citrated blood (300 pL) and
20 pL 0.2 M CaCl, were then added and mixed for
recalcification to initiate thromboelastography. Results of
TEG values were expressed relative to the control sample
(at 100%).

Statistical analysis

Statistical analysis was carried out using SAS 9.1
statistical software on computer. Statistical significance
was determined using ANOVA, followed by a Fisher’s
least significance difference test. A difference was
considered statistically significant at p< 0.05.

RESULTS

Clot degradation test

After 8 hrs of incubation, jelly-like blood clot disks
were dissolved by 0.2 pg and 0.5 pg treatments of S.
commune fibrinolytic protease, while no visible effect was
observed in the control and blank treatments (Fig. 1).
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Fig. 1. Clot degradation by Schizophyllum commune
fibrinolytic protease. 0.2 pg and 0.5 pg: blood clot disks
were treated with 0.2 ug and 0.5 pg S. commune fibrinolytic
protease respectively; Control: clot disk treated with PBS in
20 uL; Blank: blank blood clot disk.

Although the degradation ratio was unable to be
determined in this test model, it was apparent that the
protease was capable of degrading blood clot.

Effects of divalent metal ions on protease activity

The effect of divalent metal ions on protease activity
using azocasein assay after incubation with Mg®", Co*",
Ca®, Hg*', Zn**, Cu*" or Pb*" is summarized in Table 1.
Protease activities were found to be enhanced by the
addition of Mg®", but were inhibited by the addition of
Hg?*, Cu*", Co*" or Zn**. The presence of both Ca*" and
Pb*" showed slight effects in the protease activity (Table
1).
Thromboelastography of
protease and Mg**

In this study, 0.6 pug S. commune fibrinolytic
protease caused significant changes in MA value but not
R, K and a value in citrated blood. Addition of 2.5 mM
Mg®* to citrated blood did not affect the blood
coagulation status (Fig. 2). Result of magnesium ion
supplementation was corresponded to an intravenous
infusion experiment without interfering in coagulation

analysis fibrinolytic
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(Ravn et al., 2001). With the presence of magnesium
ions, 0.6 pug S. commune fibrinolytic protease treatment
demonstrated significant decrease in MA value, and the
reduction was similar to 1.2 pg fibrinolytic protease used
(Fig. 2D).

DISCUSSION

Mushroom-derived  proteases with  fibrin
degradation activity were discovered and investigated
during recent years (Choi and Sa, 2001; Doljak et al.,
2001; Kim and Kim, 2001; Lee et al., 2005; Li et al.,
2007; Park et al., 2007; Kim et al., 2008). This activity
toward fibrin substrates was reported to digest fibrin clot
directly and be used in thrombolytic therapy (Omura et
al., 2005; Peng et al., 2005).

Fibrinolytic metalloendopeptidases from edible
mushrooms, Armillaria  mellea (AMMEP) and
Tricholoma  saponaceum (TSMEP) have been
investigated with divalent metal ion (zinc) in structure,
and the metal core was shown to maintain the fibrinolytic
activity in action (Nonaka et al., 1995; Kim and Kim,
2001). This study demonstrated that the activity of S.
commune fibrinolytic protease was enhanced by Mg”"
but no other divalent metal ions. This phenomenon
suggests the peculiarity of this protease to other
mushroom fibrinolytic ~metalloendopeptidases and
indicates that magnesium is a cofactor for this protease to
execute substrate degradation.

The procedure of thromboelastography (TEG) was
developed in 1948 (Hartert, 1948). It has been applied to
assay viscoelastic properties of whole blood during
clinical cardiac and transplant operations. Moreover, it
provides the important interactions between cellular and
plasmatic coagulation factors which are absent in test of
prothrombin time (PT) and activated partial
thromboplastin time (APTT) (Landskroner et al., 2005).
Blood from living organisms in different states of
hemostasis can be monitored by TEG tracings (Mallett
and Cox, 1992). In this study, S. commune fibrinolytic
protease reduced the clot amplitude without inhibition of
blood coagulation initiation, clotting process and clotting
speed (reflected on R, K and o values). The protease

Table 1. Effects of divalent metal ion on protease activity of Schizophyllum commune fibrinolytic protease.

Ions Chemical reagent Concentration Residual activity (100%)*
Mg* MgCl, 10 mM 386+ 27

Co* CoCl, 10 mM 50+7

Ca** CaCl, 10 mM 104+ 6

Hg** HgCl, 10 mM 22+6

Zn* C4Hs04Zn + 2H,0 10 mM 77+9

Cu® CuSO, 10 mM 2942

Pb** Pb(NOs), 10 mM 96+5

Control PBS buffer 50 mM 100

“ Protease activity to azocasein was expressed as percentage of absorbance relative to the control (at 100%).
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Fig. 2. Thromboelastography analysis of fibrinolytic protease and Mg?*. A: R value (reaction time - the time of blood placed
in TEG until initial fibrin formation). B: K value (coagulation time - the time to clot formation). C: a value (angle - the velocity
of clot formation). D: MA value (maximum amplitude - maximum strength of the developed clot). Control: citrated blood
mixed with PBS; Mg: citrated blood mixed with MgCl, (2.5 mM); 0.6 ug and 1.2 pg: citrated blood mixed with 0.6 ug and 1.2 ug
S. commune fibrinolytic protease respectively; 0.6 pg&Mg: citrated blood mixed with 0.6 pug S. commune fibrinolytic
protease and 2.5 mM MgCl,. Alphabetical lowercase means significant variation between other treatments, a difference was
considered statistically significant at p < 0.05. TEG values were expressed relative to the control sample (at 100%).

exhibits a digestive activity mainly on blood clotting
fibrins but neither on platelets nor plasminogen. Thus, it
is likely to function as a fibrin-specific thrombolytic
agent, which prevents systemic fibrinolysis and acute
bleeding.

Magnesium therapy in coronary heart disease has
recently been proposed and beneficial effects have been
documented in clinical trials (Shechter et al., 1999). In
experiments of model animals, infusion of MgSO,
significantly reduces stent thrombosis in dogs and swine
(Rukshin et al., 2001; Rukshin et al., 2002). Magnesium
supplementation with an antithrombotic agent inhibits
platelet activation and alters outcomes in patients by
inhibition of platelet-dependent thrombosis (Whiss and
Andersson, 2002). Intravenous magnesium infusion
singly was observed with no significant differences on
coagulation or fibrinolysis processes of citrated blood
(Ravn et al., 2001). Similar results were also observed in
the present study. From our results, magnesium
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supplementation could enhance S. commune fibrinolytic
protease activity to reduce blood clot amplitude. The
effect suggests that the protease and magnesium may be
considered as an adjuvant to standard thrombolytic
therapy in the future, while further researches are still
needed.

In conclusion, magnesium ion enhanced the activity
of S. commune fibrinolytic protease, which was proven
to degrade blood clot effectively in this study. A
regulatory manipulation in this fibrinolytic protease
action by magnesium supplementation can also be
expected in the future. Additionally, magnesium
supplementation may reduce the cost of thrombolytic
therapy by providing an alternative to the currently used
fibrin-specific antithrombotic agent. The up-regulation
mechanism provides a niche to the development of new
antithrombotic therapy protocol with magnesium for
clinical application.



June, 2010

ACKNOWLEDGEMENTS

We greatly thank Prof. Wan-Wan Lin (Department of
Pharmacology, College of Medicine, NTU) for providing of
experimental animals. Authors also thank Dr. Hsiu-Hui Shih
(Institute of Zoology, College of Life Science, NTU) and Miss
Lynette Chen (School of Medicine, Oregon Health and Science
University) for critical reading and correction of manuscript.

LITERATURE CITED

Chandler, W. L. 1995. The thromboelastography and the
thromboelastograph technique. Semin. Thromb. Hemost.
21: Suppl 4, 1-6.

Choi, H.-S. and Y.-S. Sa. 2001. Fibrinolytic and
antithrombotic protease from Spirodela polyrhiza. Biosci.
Biotechnol. Biochem. 65: 781-786.

Collen, D. and H. R. Lijnen. 2005. Thrombolytic agents.
Thromb. Haemost. 93: 627-630.

de Bono, D. P. 1995. Thrombolytic therapy of acute
myocardial infarction. Baillieres Clin. Haematol. 8:
403-412.

Doljak, B., M. Stegnar, U. Urleb, S. Kreft, A. Umek, M.
Ciglaric, B. Strukelj and T. Popovic. 2001. Screening for
selective thrombin inhibitors in mushrooms. Blood Coagul.
Fibrinolysis 12: 123-128.

Hartert, H. 1948.  Blutgerinnungsstudienmit  der
Thrombelastographie, einemneuen Untersuchungs-
verfahren. Klin. Wochenschr. 26: 577-583.

Hummel, B. C. W., J. M. Schor, F. F. Buck, E. Boggiano
and E. C. Derenzo. 1965. Quantitative Enzymic Assay of
Human Plasminogen and Plasmin with Azocasein as
Substrate. Anal. Biochem. 11: 532-547.

Kim, J.-H and Y.-S. Kim. 2001. Characterization of a
metalloenzyme from a wild mushroom, Tricholoma
saponaceum. Biosci. Biotechnol. Biochem. 65: 356-362.

Kim, J.-S., J.-E. Kim, B.-S. Choi, S. E. Park, K. Sapkota, S.
Kim, H.-H. Lee, C.-S. Kim, Y. Park, M.-K. Kim, Y.-S.
Kim and S.-J. Kim. 2008. Purification and
characterization of fibrinolytic metalloprotease from
Perenniporia fraxinea mycelia. Mycol. Res. 112: 990-998.

Kwok, Y., K.-F. Ng, C.-C. Li, C.-C. Lam and R.-Y. Man.
2005. A prospective, randomized, double-blind,
placebo-controlled study of the platelet and global
hemostatic effects of Ganoderma Ilucidum (Ling-Zhi) in
healthy volunteers. Anesth. Analg. 101: 423-426. (table of
contents)

Landskroner, K. A., N. C. Olson and G. J. Jesmok. 2005.
Thromboelastography measurements of whole blood from
factor VIII-deficient mice supplemented with rFVIIL
Haemophilia 11: 346-352.

Lee, S.-Y., J.-S. Kim, J.-E. Kim, K. Sapkota, M.-H. Shen, S.
Kim, H.-S. Chun, J.-C. Yoo, H.-S. Choi, M.-K. Kim and
S.-J. Kim. 2005. Purification and characterization of
fibrinolytic enzyme from cultured mycelia of Armillaria
mellea. Protein Expr. Purif. 43: 10-17.

Li, H.-P., Z. Hu, J.-L. Yuan, H.-D. Fan, W. Chen, S.-J.
Wang, S.-S. Zheng, Z.-L. Zheng and G.-L. Zou. 2007. A
novel extracellular protease with fibrinolytic activity from

Lu & Chen: Magnesium enhanced fungal-derived fibrinolytic protease activity

the culture supernatant of Cordyceps sinensis: purification
and characterization. Phytother. Res. 21: 1234-1241.

Lu, C.-L., S. Chen and S.-N. Chen. 2010. Purification and
characterization of a novel fibrinolytic protease from
Schizophyllum commune. J. Food Drug Anal. (Accepted)

Mallett, S. V. and D. J. Cox. 1992. Thrombelastography. Br.
J. Anaesth. 69: 307-313.

Nonaka, T., H. Ishikawa, Y. Tsumuraya, Y. Hashimoto and
N. Dohmae. 1995. Characterization of a thermostable
lysine-specific metalloendopeptidase from the fruiting
bodies of a basidiomycete, Grifola frondosa. J. Biochem.
118: 1014-1020.

Norris, L. A. 2003. Blood coagulation. Best Pract. Res. Clin.
Obstet. Gynaecol. 17: 369-383.

Okamura-Matsui, T., K. Takemura, M. Sera, T. Takeno,
H. Noda, S. Fukuda and M. Ohsugi. 2001.
Characteristics of a cheese-like food produced by
fermentation of the mushroom Schizophyllum commune. J.
Biosci. Bioeng. 92: 30-32.

Omura, K., M. Hitosugi, X. Zhu, M. Ikeda, H. Maeda and
S. Tokudome. 2005. A newly derived protein from
Bacillus subtilis natto with both antithrombotic and
fibrinolytic fffects. J. Pharmacol. Sci. 99: 247-251.

Park, S. E., M.-H. Li, J.-S. Kim, K. Sapkota, J.-E. Kim,
B.-S. Choi, Y.-H. Yoon, J.-C. Lee, H.-H. Lee, C.-S. Kim
and S.-J. Kim. 2007. Purification and characterization of a
fibrinolytic protease from a culture supernatant of
Flammulina velutipes mycelia. Biosci. Biotechnol.
Biochem. 71: 2214-2222.

Peng, Y., X. Yang and Y. Zhang. 2005. Microbial fibrinolytic
enzymes: an overview of source, production, properties,
and thrombolytic activity in vivo. Appl. Microbiol.
Biotechnol. 69: 126-132.

Ravn, H. B., J. F. Lassen, N. Bergenhem and A. T.
Kristensen. 2001. Intravenous magnesium does not
influence the activity of the coagulation cascade. Blood
Coagul. Fibrinolysis 12: 223-228.

Rukshin, V., B. Azarbal, P.-K. Shah, V.-T. Tsang, M.
Shechter, A. Finkelstein, B. Cercek and S. Kaul. 2001.
Intravenous magnesium in experimental stent thrombosis
in swine. Arterioscler. Thromb. Vasc. Biol. 21: 1544-1549.

Rukshin, V., P.-K. Shah, B. Cercek, A. Finkelstein, V.
Tsang and S. Kaul. 2002. Comparative antithrombotic
effects of magnesium sulfate and the platelet glycoprotein
IIb/IIa inhibitors tirofiban and eptifibatide in a canine
model of stent thrombosis. Circulation 105: 1970-1975.

Shechter, M., C. N. Merz, M. Paul-Labrador, S. R. Meisel,
R. K. Rude, M. D. Molloy, J. H. Dwyer, P.-K. Shah and
S. Kaul. 1999. Oral magnesium supplementation inhibits
platelet-dependent thrombosis in patients with coronary
artery disease. Am. J. Cardiol. 84: 152-156.

Sullivan, R., J. E. Smith and N. J. Rowan. 2006. Medicinal
mushrooms and cancer therapy: translating a traditional
practice into Western medicine. Perspect. Biol. Med. 49:
159-170.

Ueshima, S. and O. Matsuo. 2006. Development of new
fibrinolytic agents. Curr. Pharm. Des. 12: 849-857.

Whiss, P. A. and R. G. Andersson. 2002. Divalent cations
and the protein surface co-ordinate the intensity of human
platelet adhesion and P-selectin surface expression. Blood
Coagul. Fibrinolysis 13: 407-416.

121



% Taiwania Vol. 55, No. 2

4 47 & 2 HAT ) (Schizophyllum commune) % & v fF 2. 5 1R 5
EwigOmg 7@

LR AR BREREFT 106 o447 RErREr B 15 £% -
2REAER T EPE R A GHE 5106 S RArAnE e L5 1o
* iR l”*t‘ﬁ o Tel: 886-2-33662875; Fax: 886-2-23687122; Email: snchen@ntu.edu.tw.

(cfap & :2009 & 117 17p ;&= pHh 1201017 18p)

FRGER S FRERTS A PENIER U AR R R S RIL P E B M
Ao AR AETIL FEI AT FTEBIL LRI I3 bl hER o X
e iR om o 0 AR R T AT ST R 0 f & ¥ 8- WA F] (Schizophyllum commune)
e A4 7 > 3 - BEFBERA R FHFE L R0 fF (fibrinolytic protease) ; ** & f
F’{ IBES ¢ ﬁ4ﬁ7rﬁlpy_ﬂ9—’f—!—~}a PR R RGP DIER X ¥ F S E D

B0 pEE o By Tk B ERMS BB RF BRI FE - &R
o2 g2 o BLBRH X Bl kw2584 B3 (thromboelastography, TEG)z. 8258 » # 7 =
RAEER g7 o Y A AR o BEFR AR T LG EP &Pa‘%’t'J/Asé«}W
Frisld > 20 A Rk ok 234 B AT 454 B3 ﬁgmﬂ%*‘v”nﬁ% B
F A% R (clotting strength) » & @4l R A 2 S TR AL PF o F o LR

n\»

:\*'

=<

L AR P Y YRR SN B TR RS £ S
PR SR EREURD KSR F RN R STEE B Lo SR S S

AT $HN R AT B SR 0 PR P R e ki

BEAETP D A B0 B AT C AEART S L P s LRk 13RS ]

122




<<
  /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 /Warning
  /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>
    /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.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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


