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ABSTRACT.  Recently, SJL/J mice have been used as an animal model in studies of dysferlinopathy, a spectrum

of muscle diseases caused by defects in dysferlin protein. In this study we irradiated muscle fibers isolated from

skeletal muscle of SJL/J mice with heavy-ion microbeam, and the ultrastructural changes were observed by electron

microscopy. The plasma membrane of heavy-ion beam irradiated areas showed irregular protrusions and invagi-

nations. Disruption of sarcomeric structures and the enhancement of autophagy were also observed. In addition,

many vesicles of varying size and shape were seen to be accumulated just beneath the plasma membrane. This

finding further supports the recent hypothesis that dysferlin functions as a membrane fusion protein in the

wound healing system of plasma membrane, and that the defect in dysferlin causes insufficient membrane fusion

resulting in accumulation of vesicles.
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Introduction

Dysferlinopathy is a hereditary disease caused by mutation

of the dysferlin gene (for review, see Han and Campbell,

2007) and consists of two major disorders, Miyoshi

myopathy (Miyoshi et al., 1986) and limb-girdle muscular

dystrophy type 2B (LGMD2B) (Bashir et al., 1998) and one

minor disorder, distal anterior compartment myopathy (DAT)

(Illa et al., 2001). Dysferlin belongs to the ferlin-1-like

proteins family, members of which have high homology to

the Caenorhabditis elegans ferlin-1 (Han and Campbell,

2007). The members of the ferlin-1-like protein family con-

tain multiple C2 domains, which bind with phospholipids

in a Ca2+-dependent manner (Davis et al., 2002) and are

considered to participate in membrane fusion by analogy

with C2 domains of synaptotagmins (Bansal and Campbell,

2004). It has been reported that C. elegans ferlin-1 is essen-

tial for the fusion of large vesicles called membranous

organelles (MOs) with the spermatid plasma membrane

during maturation of spermatids to motile spermatozoa

(Achanzar and Ward, 1997; Washington and Ward, 2006).

Several studies have also reported that dysferlin is involved

in a system for plasma membrane repair in response to Ca2+

influx (Han and Campbell, 2007). The patch hypothesis

was proposed for membrane repair as follows: In normal

muscle fiber, dysferlin is localized to the plasma membrane

and cytoplasmic vesicles. When the membrane is damaged

and then the Ca2+ level is increased at the damaged site,

dysferlin triggers fusion of cytoplasmic vesicles each other

and with plasma membrane and results in membrane patch.

In the case of dysferlinopathy, it is postulated that the defect

of dysferlin results in insufficient membrane fusion, which

leads to Ca2+ influx and muscle degeneration. To test this

patch hypothesis, it may be useful to induce microinjuries

on the plasma membrane. Several techniques, including

flushing through a syringe (Bansal et al., 2003), laser irra-

diation (Bansal et al., 2003; Han and Campbell, 2007),
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scalpel dragging (Lennon et al., 2003) and glass bead

wounding (Klinge et al., 2007) have been employed for this

purpose, and experiments using these methods have pro-

vided insight into the physiological function of dysferlin.

However, no previous studies have demonstrated the

ultrastructural alterations in the muscle wounded by the

techniques listed above. Previously, we demonstrated that

high-energy heavy-ion microbeam irradiation caused

ultrastructural changes in the vicinity of the plasma mem-

brane (Hino et al., 2007). These ultrastructural changes

indicated damage to the plasma membrane and increase of

Ca2+ by the heavy-ion beam irradiation, and that heavy-ion

beam can be employed in studying muscular dystrophy.

SJL/J mice have a defect in the dysferlin gene (Bittner et al.,

1999; Vafiadaki et al., 2001) and have been used as an

animal model of dysferlinopathy. Here, we examined the

ultrastructural changes of skeletal muscle fibres from SJL/J

mice after heavy-ion beam irradiation to investigate the

wound resealing system of plasma membrane.

Materials and Methods

All procedures were performed as described previously (Hino et

al., 2007). Briefly, single muscle fibers from the extensor digitorum

longus (EDL) and flexor digitorum brevis (FDB) of 4- to 8-week-

old female SJL/J and ICR mice were isolated by collagenase diges-

tion. Isolated muscle fibers were plated on either 50–100 µm-thick

CR-39 plastic ion-track detector (TNF-1, Fukuvi Chemical Indus-

try, Fukui, Japan) or 120–170 µm-thick glass coverslips (Matsunami

Glass, Osaka, Japan) depending on the experiment, and incubated

at 37°C in 5% CO2 for 1–4 days before irradiation experiments.

The protocol used in this study was approved by the Animal Care

and Experimentation Committee, Gunma University (No. 60108).

Cultured single fibers of skeletal muscles were irradiated with

collimated heavy-ion microbeam at TIARA (Takasaki Ion Accel-

erator for Advanced Radiation Application) of the Japan Atomic

Energy Agency (JAEA), for which the setup and irradiation proce-

dures have been described previously (Funayama et al., 2008b;

Kobayashi et al., 2004). Irradiated heavy-ions were 40Ar (11.2

MeV/u) and 20Ne (12.8 MeV/u) which were provided by the azi-

muthally-varying-field (AVF) cyclotron and extracted into the air

through a 20-µm-diameter microaperture as reported previously

(Funayama et al., 2008b; Kobayashi et al., 2004). Cells were irra-

diated at the edge using on-line microscope system. Each region

was irradiated with 20 ion particles, and irradiated sites were visu-

alized by etching the CR-39 film. The irradiated muscle fibers

were fixed, processed and examined by an electron microscope

(Hitachi model H-800B, Tokyo, Japan) as previously described

(Hino et al., 2007).

For measurement of the numbers of vesicles and vacuoles,

electron micrographs were scanned (GT-X900; Seiko Epson Co.,

Tokyo, Japan) and the vesicles and vacuoles in the juxtamembrane

regions, excluding the sarcomere, were counted. The measure-

ment of the area was performed by Image J software (http://

www.ncbi.nlm.nih.gov). Comparisons between groups were done

using nonparametric Mann-Whitney test.

Results

We analyzed the alteration in the submembrane ultrastruc-

ture of the muscle fibers from the dysferlin-deficient SJL/J

mice induced by heavy-ion microbeam irradiation. First,

non-irradiated muscle fibers of SJL/J mice were observed

(Fig. 1a). At the ages used (4 to 8 weeks old), there was no

apparent difference between wild-type ICR mice (Hino et

al., 2007) and SJL/J mice (Fig. 1a) as determined by elec-

tron microscopy. A previous histological study also indi-

cated that in SJL/J mice dystrophic changes appeared at

about 60 days after birth and increased thereafter (Nemoto

et al., 2007). Muscle fibers fixed at 2 min after irradiation

showed irregular protrusions and invaginations of the plasma

membrane and disorganized basal lamina at the heavy-ion

microbeam-irradiated regions (Fig. 1b). In the cytoplasm,

an irregular distribution of microfilaments was found near

the plasma membrane. These structural changes were also

observed when muscle fibers from wild-type ICR mice

were irradiated (Hino et al., 2007). In addition to these

changes, many vesicles of various sizes and shapes were

accumulated just beneath the plasma membrane (Fig. 1b

arrowheads). At 10 min after irradiation, massive protrusion

of cytoplasm was observed (Fig. 1c). These protruded areas

were occupied by vesicles (arrowheads) of varied size and

morphology, and the myofibrillar structure disappeared in

these areas (Fig. 1c). The accumulation of such vesicles

observed in the muscle fibers of SJL/J mice (Fig. 1e) was

slightly observed in those of wild-type ICR mice after irra-

diation (Fig. 1d). The accumulation of vesicles and vacuoles

in irradiated SJL/J mice muscle fibers was also confirmed

by quantitative analysis (Fig. 1f). In SJL/J mice, heavy-ion

irradiation significantly induced the vesicles and vacuoles.

The induction of vesicles and vacuoles accumulation was

significantly higher in SJL/J mice than wild-type ICR mice.

At 2 min after irradiation, isolation membranes, which

are precursor structures of autophagosomes (Mizushima et

al., 2002) and developing autophagosomes were observed

in the cytoplasm of the irradiated area (Fig. 2a). A number

of isolation membranes were not attached to mitochondria,

suggesting that the non-selective autophagy took place. At

20 min after irradiation, autophagic vacuoles of various

stages were observed (Fig. 2b). Frequency of the auto-

phagosome formation did not appear to be depressed com-

pared with the muscle fibers of wild-type mice (data not

shown).

Discussion

Previously, we demonstrated that heavy-ion beam causes
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Fig. 1. Morphological changes of muscle fibers from SJL/J and ICR mice by heavy ion beam irradiation. (a) Non-irradiated region of muscle fiber of SJL/

J mice. (b) Muscle fiber of SJL/J mice 2 min after 20Ne ion irradiation. Irregular protrusions (arrows) and invaginations (asterisks) of plasma membrane are

seen. Many vesicles vary in size and shape (arrowheads) are accumulated just beneath the plasma membrane. (c) Muscle fiber of SJL/J mice 10 min after
40Ar ion irradiation. Massive protrusion (arrow) of cytoplasm containing many vesicles (arrowheads) and irregular endoplasmic reticulum-like organelles

(asterisks) is shown. (d) Muscle fiber of ICR mice 20 min after 20Ne ion irradiation. (e) Muscle fiber of SJL/J mice 20 min after 20Ne ion irradiation. Many

vesicles (arrowheads) and vacuoles (asterisks) are observed. Scale bar=1 µm. (f) Enhancement of vesicles and vacuoles accumulation in heavy-ion

irradiated SJL/J mice muscle fibers. The numbers of vesicles and vacuoles per micrometer square of muscle fibers of 20Ne ion irradiated ICR mice (n=10),

non-irradiated SJL/J mice (n=5) and 20Ne ion irradiated SJL/J mice (n=7) were plotted. Bars show the mean of each group. Values of p were calculated using

Mann-Whitney test.
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ultrastructural lesion juxtamembrane area of isolated muscle

fibers from skeletal muscles of wild-type mouse and sug-

gested that this type of treatment can be used in research

regarding muscular dystrophy (Hino et al., 2007). Here we

used muscle fibers isolated from dysferlin-deficient SJL/J

mice and analyzed the ultrastructural changes after heavy-

ion beam irradiation. The heavy-ion beam-induced changes

in the muscle fibers of SJL/J mice observed in this study

were as follows: i) irregular protrusions and invaginations

of the plasma membrane; ii) disarrangement of the myofila-

ments; iii) enhanced autophagy; and iv) accumulation of

many vesicles of various sizes and shapes just beneath the

plasma membrane. Among these phenomena, i), ii) and iii)

were also observed in irradiated muscle fibers from wild-

type mice (Hino et al., 2007). Irregular protrusions and

invaginations of the plasma membrane might be caused by

oxidation of lipids in the plasma membrane by ionization

effect of heavy-ion beam. In muscle fibers from SJL/J, mas-

sive protrusion of cytoplasm was observed (Fig. 1c). This

may have been caused by insufficient membrane repair of

SJL/J mice. Autophagy is one of the major pathways for

degradation of intracellular macromolecules and organelles

(Mizushima et al., 2002). We conjectured that autophagy is

the principal mechanism for removal of the damaged cellu-

lar components, such as cell membrane, sarcomeric struc-

ture and mitochondria, after irradiation. Enhancement of

autophagy by irradiation was observed in muscle fibers both

from SJL/J and wild-type mice. These observations indi-

cated that the induction of autophagy by heavy-ion beam is

independent of dysferlin.

The most striking characteristic of heavy-ion irradiated

muscle fibers of SJL/J mice in comparison with wild-type

control was the accumulation of vesicles just beneath the

plasma membrane. These vesicles varied in both size and

morphology, and could not be identified as to their origins.

Accumulation of such vesicles just beneath the plasma

membrane has been observed in the skeletal muscles of

patients with dysferlinopathy (Cenacchi et al., 2005), and in

dysferlin-deficient mice at 20 weeks (Ho et al., 2004) and at

one year old (Bansal et al., 2003). For irradiation, we used

mice up to 8 weeks old, which did not show any marked

dystrophic changes, especially the significant vesicle accu-

mulation, before irradiation (Fig. 1a and 1f). These vesicles

were appreciably accumulated as early as 2 min after irradi-

ation in SJL/J mice. It is interesting to note that dysferlin is

dispensable for this event. Whether these vesicles were

transported from non-irradiated area or constructed at irradi-

ated area is unclear. Taken together, our results suggested

that the beginning of the membrane repair is the accumula-

tion of vesicles at wounded area in response to the mem-

brane damage in the dysferlin independent manner. The

dysferlin-dependent patch process then initiates the mem-

brane repair in wild type muscle.

Recently, laser-assisted microsurgery has been used in

the field of cell biology. What is the advantage of heavy-ion

microbeam over a laser beam for microsurgery of biological

objects? The effects of laser irradiation on biological

samples are heating action and subsequent hydrodynamic

effects such as shockwave and collapse of cavitation bub-

bles (Vogel et al., 2005). These laser-induced effects spread

over the focus with low target selectivity. (Funayama et al.,

2008a) On the other hand, the main effect of the heavy-ion

irradiation is the ionization of molecules along condensed

ion tracks (Kiefer and Straaten, 1986) with high target

selectivity (Funayama et al., 2008a). Smaller lesions can be

made using a heavy ion beam than with laser irradiation.

Therefore, heavy-ion beam irradiation is suitable for

ultrastructural studies, such as electron microscopy.

However, the irradiation systems of heavy-ion beam are

restricted as compared with laser-assisted microsurgery,

which is easily available and inexpensive. We should

complement these two methods by using properly according

Fig. 2. Induction of autophagy by heavy-ion beam irradiation. Electron microscopy of the muscle fibers of SJL/J mice is shown. (a) Two min after 20Ne

ion irradiation. Isolation membranes (arrows) and developing autophagosomes (asterisks) are seen in the cytoplasm. (b) Twenty min after 20Ne ion

irradiation. Autophagic vacuoles of various stages (asterisks) are seen. Scale bar=1 µm.
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to the situation.

Recently, it has been reported that mitsugumin 53

(MG53), a muscle-specific tripartite motif family protein

(TRIM72), plays a role in plasma membrane-repair

machinery (Cai et al., 2008). This protein may have some

role in vesicles/vacuoles accumulation in heavy-ion irra-

diated muscle fibers of SJL/J mice.

Acknowledgements. We wish to thank the operators of TIARA at JAEA

for their technical assistance. This work was supported in part by a Grant-

in-Aid for the 21st COE Program for Biomedical Research Using Acceler-

ator Technology and by a Grant-in-Aid for Scientific Research (to H. Y.)

from the Ministry of Education, Culture, Sports, Science and Technology

of Japan and a Research Grant (20B-13) for Nervous and Mental Disorders

from the Ministry of Health, Labour and Welfare of Japan (to H. Y.).

References

Achanzar, W.E. and Ward, S. 1997.  A nematode gene required for sperm

vesicle fusion. J. Cell Sci., 110: 1073–1081.

Bansal, D., Miyake, K., Vogel, S.S., Groh, S., Chen, C.C., Williamson, R.,

McNeil, P.L., and Campbell, K.P. 2003.  Defective membrane repair in

dysferlin-deficient muscular dystrophy. Nature, 423: 168–172.

Bansal, D. and Campbell, K.P. 2004.  Dysferlin and the plasma membrane

repair in muscular dystrophy. Trends Cell Biol., 14: 206–213.

Bashir, R., Britton, S., Strachan, T., Keers, S., Vafiadaki, E., Lako, M.,

Richard, I., Marchand, S., Bourg, N., Argov, Z., Sadeh, M., Mahjneh, I.,

Marconi, G., Passos-Bueno, M.R., Moreira Ede, S., Zatz, M.,

Beckmann, J.S., and Bushby, K. 1998.  A gene related to Caenorhabditis

elegans spermatogenesis factor fer-1 is mutated in limb-girdle muscular

dystrophy type 2B. Nat. Genet., 20: 37–42.

Bittner, R.E., Anderson, L.V., Burkhardt, E., Bashir, R., Vafiadaki, E.,

Ivanova, S., Raffelsberger, T., Maerk, I., Hoger, H., Jung, M.,

Karbasiyan, M., Storch, M., Lassmann, H., Moss, J.A., Davison, K.,

Harrison, R., Bushby, K.M., and Reis, A. 1999.  Dysferlin deletion in

SJL mice (SJL-Dysf) defines a natural model for limb girdle muscular

dystrophy 2B. Nat. Genet., 23: 141–142.

Cenacchi, G., Fanin, M., De Giorgi, L.B., and Angelini, C. 2005.  Ultra-

structural changes in dysferlinopathy support defective membrane repair

mechanism. J. Clin. Pathol., 58: 190–195.

Cai, C., Masumiya, H., Weisleder, N., Matsuda, N., Nishi, M., Hwang, M.,

Ko, J-K., Lin, P., Thornton, A., Zhao, X., Pan, Z., Komazaki, S., Brotto,

M., Takeshima, H., and Ma, J. 2008.  MG53 nucleates assembly of cell

membrane repair machinery. Nat. Cell Biol. Epub ahead of print (in

press) PMID: 19043407.

Davis, D.B., Doherty, K.R., Delmonte, A.J., and McNally, E.M. 2002.

Calcium-sensitive phospholipid binding properties of normal and mutant

ferlin C2 domains. J. Biol. Chem., 277: 22883–22888.

Funayama, T., Hamada, N., Sakashita, T., and Kobayashi, Y. 2008a.

Heavy-ion microbeams: Development and applications in biological

studies. IEEE Transactions on Plasma Science, 36: 1433–1440.

Funayama, T., Wada, S., Yokota, Y., Fukamoto, K., Sakashita, T., Taguchi,

M., Kakizaki, T., Hamada, N., Suzuki, M., Furusawa, Y., Watanabe, H.,

Kiguchi, K., and Kobayashi, Y. 2008b.  Heavy-Ion microbeam system at

JAEA-Takasaki for microbeam biology. J. Radiat. Res., 49: 71–82.

Han, R. and Campbell, K.P. 2007.  Dysferlin and muscle membrane repair.

Curr. Opin. Cell Biol., 19: 409–416.

Hino, M., Wada, S., Tajika, Y., Morimura, Y., Hamada, N., Funayama, T.,

Sakashita, T., Kakizaki, T., Kobayashi, Y., and Yorifuji, H. 2007.

Heavy ion microbeam irradiation induces ultrastructural changes in

isolated single fibers of skeletal muscle. Cell Struct. Funct., 32: 51–56.

Ho, M., Post, C.M., Donahue, L.R., Lidov, H.G., Bronson, R.T., Goolsby,

H., Watkins, S.C., Cox, G.A., and Brown, R.H., Jr. 2004.  Disruption of

muscle membrane and phenotype divergence in two novel mouse

models of dysferlin deficiency. Hum. Mol. Genet., 13: 1999–2010.

Illa, I., Serrano-Munuera, C., Gallardo, E., Lasa, A., Rojas-Garcia, R.,

Palmer, J., Gallano, P., Baiget, M., Matsuda, C., and Brown, R.H. 2001.

Distal anterior compartment myopathy: a dysferlin mutation causing a

new muscular dystrophy phenotype. Ann. Neurol., 49: 130–134.

Kiefer, J. and Straaten, H. 1986.  A model of ion track structure based on

classical collision dynamics. Phys. Med. Biol., 31: 1201–1209.

Klinge, L., Laval, S., Keers, S., Haldane, F., Straub, V., Barresi, R., and

Bushby, K. 2007.  From T-tubule to sarcolemma: damage-induced

dysferlin translocation in early myogenesis. FASEB J., 21: 1768–1776.

Kobayashi, Y., Funayama, T., Wada, S., Furusawa, Y., Aoki, M., Shao, C.,

Yokota, Y., Sakashita, T., Matsumoto, Y., Kakizaki, T., and Hamada, N.

2004.  Microbeams of heavy charged particles. Biol. Sci. Space, 18:

235–240.

Lennon, N.J., Kho, A., Bacskai, B.J., Perlmutter, S.L., Hyman, B.T., and

Brown, R.H., Jr. 2003.  Dysferlin interacts with annexins A1 and A2

and mediates sarcolemmal wound-healing. J. Biol. Chem., 278: 50466–

50473.

Miyoshi, K., Kawai, H., Iwasa, M., Kusaka, K., and Nishino, H. 1986.

Autosomal recessive distal muscular dystrophy as a new type of progres-

sive muscular dystrophy. Seventeen cases in eight families including an

autopsied case. Brain, 109: 31–54.

Mizushima, N., Ohsumi, Y., and Yoshimori, T. 2002.  Autophagosome

formation in mammalian cells. Cell Struct. Funct., 27: 421–429.

Nemoto, H., Konno, S., Nakazora, H., Miura, H., and Kurihara, T. 2007.

Histological and immunohistological changes of the skeletal muscles in

older SJL/J mice. Eur. Neurol., 57: 19–25.

Vafiadaki, E., Reis, A., Keers, S., Harrison, R., Anderson, L.V.,

Raffelsberger, T., Ivanova, S., Hoger, H., Bittner, R.E., Bushby, K., and

Bashir, R. 2001.  Cloning of the mouse dysferlin gene and genomic

characterization of the SJL-Dysf mutation. Neuroreport, 12: 625–629.

Vogel, A., Noack, J., Hüttman, G., and Paltauf, G. 2005.  Mechanisms of

femtosecond laser nanosurgery of cells and tissues. Appl. Phys. B, 81:

1015–1047.

Washington, N.L. and Ward, S. 2006.  FER-1 regulates Ca2+-mediated

membrane fusion during C. elegans spermatogenesis. J. Cell Sci., 119:

2552–2562.

(Received for publication, October 31, 2008, 

accepted, January 28, 2009 and published online, February 13, 2009)



<<
  /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 /LeaveColorUnchanged
  /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 (None)
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


