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Introduction

Scolopendra subspinipes mutilans, a species of centipede,

has been used in folk and oriental medicine for its

pharmaceutical efficacy in treating various diseases [10].

However, the pharmacological effect and useful medicinal

ingredients of this centipede have not been fully

determined. Antimicrobial peptides (AMPs) that have been

identified and isolated from living organisms play a

pivotal role in innate immunity [15]. Numerous AMPs

have been investigated from vertebrates and invertebrates,

including arthropods; however, only a few AMPs of the

centipede were reported [11, 18].

AMPs have common characteristics such as low molecular

weight, amphipathic structure, and net positive charge

[12]. AMPs could be classified into five functional groups

according to their activities: antibacterial activity, anticancer

activity, antifungal activity, antiviral activity, and antiparasite

activity [8]. The anticancer activities of AMPs have been

investigated against various cancer cells, and AMPs have

emerged as potential anticancer therapeutic alternatives

with reduced side effects compared with conventional

chemotherapeutics [4]. The proposed mechanisms of

anticancer activity for AMPs are necrosis, apoptosis, and

cell cycle arrest [9, 14].

Cancer is the leading causes of death worldwide [6]. The

incidence and mortality rate of leukemia are relatively low

compared with other primary cancers [6]. However, leukemia

is the leading cause of cancer mortality in the population

under age of 20 years in the United States [16] and is the

most common cancer in children and adolescents aged

0-14 years in Korea [7]. Leukemia represents age-specific
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Previously, we performed de novo RNA sequencing of Scolopendra subspinipes mutilans using

high-throughput sequencing technology and identified several antimicrobial peptide

candidates. Among them, a cationic antimicrobial peptide, scolopendrasin VII, was selected

based on its physicochemical properties, such as length, charge, and isoelectric point. Here, we

assessed the anticancer activities of scolopendrasin VII against U937 and Jurkat leukemia cell

lines. The results showed that scolopendrasin VII decreased the viability of the leukemia cells

in MTS assays. Furthermore, flow cytometric analysis and acridine orange/ethidium bromide

staining revealed that scolopendrasin VII induced necrosis in the leukemia cells. Scolopendrasin

VII-induced necrosis was mediated by specific interaction with phosphatidylserine, which is

enriched in the membrane of cancer cells. Taken together, these data indicated that

scolopendrasin VII induced necrotic cell death in leukemia cells, probably through interaction

with phosphatidylserine. The results provide a useful anticancer peptide candidate and an

efficient strategy for new anticancer peptide development.
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incidence and mortality. The age-specific pattern of

leukemia incidence is similar in Western countries. Here,

we demonstrate the anticancer activity of scolopendrasin

VII against leukemia cells. We showed that the anticancer

effect of scolopendrasin VII is primarily due to its interaction

with phosphatidylserine on the cell surface, which initiates

necrosis in the cancer cells.

Materials and Methods

Peptide

The synthetic peptide scolopendrasin VII was synthesized

using the solid-phase peptide synthesis method by Anygen Co.,

Ltd. (Gwangju, Korea). The peptide was dissolved in acidified

distilled water (0.01% acetic acid) and stored at -20°C until use.

Cell Culture

U937 and Jurkat leukemia cells were maintained in RPMI-1640,

and Raw 264.7 cells were maintained in DMEM supplemented

with 10% FBS, penicillin G (100 U/ml), and streptomycin (100 µg/ml)

(Invitrogen, USA). Cells were cultured at 37°C in a humidified

incubator with 5% CO2.

MTS Assay

U937, Jurkat, and Raw264.7 cells plated in 96-well plates (2 × 104

cells/well) were treated with scolopendrasin VII at varying

concentrations (50, 100, 200, and 300 µg/ml). After incubation for

24 h, the viability of the cells was assessed by the Cell Titer 96

Aqueous One Solution Cell Proliferation Assay according to the

manufacturer’s protocol (Promega, USA). The optical density at

490 nm was measured with a microplate reader (Beckman DTX

8800 multi detector). 

LDH Release Assay

Cells were seeded at 1 × 104 cells/well in a 96-well culture plate

in assay medium (DMEM or RPMI-1640) and were treated with

different doses of scolopendrasin VII for 24 h. For high control

samples, 5 µl of lysis solution was added to positive control wells,

and the plate was incubated for 15 min. Then, 100 µl of the reaction

mixture was added to each well, including the high controls, and

incubated for 30 min. Finally, 50 µl of stop solution was added to

each well, and the absorbance was measured using a microplate

reader at 490 nm. The percent cytotoxicity was calculated with the

following equation: Cytotoxicity (%) = (sample value - low control) /

(high control - low control) × 100.

Binding of Scolopendrasin VII to Membrane Components,

Determined by Radial Diffusion Assay and the MTS Assay

The binding of scolopendrasin VII to the surface of the cancer

cells was examined by assessing the effect of the cell membrane

components on the antibacterial activity of scolopendrasin VII,

using a radial diffusion assay. One microgram of scolopendrasin

VII was incubated with varying concentrations of ganglioside,

heparin, and phosphatidylserine for 10 min at 37°C in 10 mM

sodium phosphate buffer. Then, 5 µl aliquots of each mixture were

loaded into wells (3 mm in diameter) that were punched into the

underlying agar containing washed mid-logarithmic multidrug

resistant P. aeruginosa (MDRPA) (4 × 106 CFU/ml). The underlay

agar consisted of 9 mM sodium phosphate, 1 mM sodium citrate

buffer, 1% (w/v) agarose (Sigma, A6013), and 0.3 mg of tryptic

soy broth. After incubation at 37°C for 3 h, 10 ml of overlay agar

containing 1% agarose and 6% TSB was poured onto the underlay

agar. The MTS assay was also carried out with scolopendrasin VII

preincubated with varying concentrations of ganglioside, heparin,

and phosphatidylserine as described above.

Annexin V/Propidium Iodide Staining

U937 cells were plated into 6-well tissue culture plates (1 ×

106 cells/well) and treated with various concentrations of

scolopendrasin VII (100, 200, and 300 µg/ml) or left untreated.

After incubation for 1 h, cells were harvested by tryptic digestion,

washed twice with cold PBS, and resuspended in 1× binding

buffer (0.01 M Hepes/NaOH (pH 7.4), 0.14 M NaCl, and 2.5 mM

CaCl2). Cells (1 × 105 cells) were then transferred to a 1.5 ml tube

containing 100 µl of binding buffer, and 5 µl of FITC-conjugated

Annexin V (BD Bioscience, USA) and 5 µl of propidium iodide (PI)

were added. The cells were gently mixed in a vortexer, protected

from light, and incubated for 15 min at room temperature. After

incubation, 400 µl of 1× binding buffer was added to each tube.

Stained cells were measured by flow cytometry with a BD FACS

Calibur cytometer (BD Biosciences, USA) and results were

analyzed using CellQuest software (BD Biosciences, USA).

Acridine Orange/Ethidium Bromide Staining

U937 cells were seeded in 6-well tissue culture plates (1 × 106

cells/well), treated with varying concentrations of scolopendrasin

VII (100, 200, and 300 µg/ml) or left untreated for 4 h, and then

washed with PBS. Cells were then stained with acridine orange

(3 µg/ml) and ethidium bromide (10 µg/ml) and observed

immediately under a fluorescence microscope (Carl Zeiss,

Germany).

Statistical Analysis

Data are presented as an average with standard deviation (mean

± SD) of at least three independent experiments. Differences

among groups were evaluated by Duncan post-hoc ANOVA

analysis and considered statistically significant at P < 0.05.

Results and Discussion

Peptide

Previously, we analyzed the transcriptome of S. s. mutilans

and identified AMP candidates using bioinformatics tools

[20]. Scolopendrasin VII (sequence: FCTCNVKGFNAKNKRGIIYP-
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NH2) was one of the identified candidates, and its antimicrobial

activity with no hemolytic effect was confirmed [20].

Scolopendrasin VII is a cationic peptide with a net charge

of +4 at neutral pH. Cationic antimicrobial peptides (CAPs)

are known to be the effector molecules of innate immunity

that exhibit both antimicrobial activity and anticancer

activity [14, 15]. Thus CAPs are a promising new agent

as anticancer drugs, and the cationicity of peptide is an

important factor for cytotoxicity to cancer cells. For instance,

antimicrobial peptides (AcrAP1 and AcrAP2) were isolated

from the venom of the Arabian scorpion Androctonus

crassicauda. These natural peptides have no anticancer

activity against four human cancer cell lines, whereas

cationicity-enhanced analogs displayed potent anticancer

effects on all four cancer cell lines [3]. Here, we have

described the anticancer activity of scolopendrasin VII

against human leukemia cancer cells.

Scolopendrasin VII Reduces the Viability of Leukemia

Cells

Recently, it has been reported that several antimicrobial

peptides from insects showed anticancer activities against

leukemia cells [1, 17, 21]. These peptides are mostly cationic

α-helical amphiphilic peptides, and the α-helix conformation

of peptides is important for anticancer activity [19].

Therefore, we investigated the effect of the synthetic peptide

scolopendrasin VII on the viability of the U937 and Jurkat

leukemia cell lines. Cancer cells were treated with various

concentrations of scolopendrasin VII (50, 100, 200, and

300 µg/ml) for 24 h, and cell viability was measured by

the MTS assay. Scolopendrasin VII decreased the viability

of the leukemia cells in a dose-dependent manner (Fig. 1).

In contrast, Raw 264.7 cells were relatively resistant to

scolopendrasin VII treatment, which suggests some specificity

of scolopendrasin VII against the leukemia cells.

Scolopendrasin VII Disrupts the Membrane Integrity of

Leukemia Cells

We next determined the effect of scolopendrasin VII on

the membrane integrity of the cancer cells by detecting

the release of LDH. The amount of LDH released by the

leukemia cells increased in a dose-dependent manner

(Fig. 2). These data are consistent with the results of the cell

viability assay, which suggests a specific cytotoxic effect of

scolopendrasin VII on the leukemia cells. Recent studies

have demonstrated that ABP-CM4 from the hemolymph of

the Chinese silkworm Bombyx mori and polybia-MP1 from

the venom of the social wasp Polybia paulista increased the

release of LDH by leukemia cell lines in the presence of

these peptides [1, 17]. These results indicate that the cationic

peptides, including scolopendrasin VII, could affect the

membrane integrity of cancer cells and induce cell membrane

disruption.

Scolopendrasin VII Interacts with Phosphatidylserine, a

Cancer Cell-Enriched Phospholipid

We determined the effect of pretreatment with cancer

cell-specific membrane components (ganglioside, heparin,

and phosphatidylserine) on the scolopendrasin VII-induced

Fig. 1. Cell viability of the leukemia cells after scolopendrasin

VII treatment. 

Cell viability was measured by the MTS assay after 24 h incubation

with the indicated concentrations of the peptides. Data shown are

means ± standard deviations of triplicate experiments.

Fig. 2. Cytotoxic effect of scolopendrasin VII. 

After 24 h incubation with the peptide, LDH released from each cell

line was detected using the LDH release assay. Each symbol

represents the mean value from triplicate experiments, and the error

bars depict standard deviations.
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viability reduction of the cancer cells. The viability of

scolopendrasin VII-treated cancer cells increased after

treatment with increasing concentrations of phosphatidylserine

in a dose-dependent manner (Fig. 3). The effect of the cancer

cell-specific membrane components on the antibacterial

activity of scolopendrasin VII was also examined. One

microgram of scolopendrasin VII was incubated with different

concentrations of ganglioside, heparin, or phosphatidylserine,

and each mixture was tested in the radial diffusion assay.

The antibacterial activity of scolopendrasin VII was

significantly reduced with increasing concentrations of

phosphatidylserine (Fig. 4). These findings suggest that

scolopendrasin VII interacts with phosphatidylserine, which

could result in scolopendrasin VII-induced cytotoxicity in

the cancer cells.

Previously, Wang et al. [17] reported that the relative

amount of cell-surface phosphatidylserine was determined

by annexin V-binding to nontumorigenic and tumorigenic

cells. The result showed that human myelogenous leukemia

K562 cells express high levels of phosphatidylserine. It

is known that tumor cell membranes have a higher

phosphatidylserine composition than normal cells [2]. In

addition, sphingomyelin and phosphatidylcholine are the

major phospholipids in the outer monolayer of the mouse

erythrocyte membranes without phosphatidylserine [13].

In our previous study, scolopendrasin VII had no hemolytic

activity against mouse erythrocytes [20]. Therefore, the results

suggest that cell-surface phosphatidylserine is a target

molecule for scolopendrasin VII binding. The interaction of

scolopendrasin VII with phosphatidylserine could be an

initial step for the cytotoxic effect of scolopendrasin VII

against the leukemia cells.

Flow Cytometry and Acridine Orange/Ethidium Bromide

Staining

We assessed the nature of the cytotoxic effect of

Fig. 3. Effect of anionic cancer cell-surface molecules on cell

viability. 

Viability assay of leukemia cancer cells was performed by mixing

with varying amounts of ganglioside, heparin, or phosphatidylserine

with 200 µg/ml scolopendrasin VII. Data are expressed as means ±

standard deviation from three individual measurements. ***p < 0.001,

**p < 0.01, *p < 0.05, compared with non-treated control.

Fig. 4. Specific binding of scolopendrasin VII to phosphatidylserine. 

The radial diffusion assay was conducted by mixing varying amounts of ganglioside, heparin, or phosphatidylserine with 1 µg of scolopendrasin

VII. The mixture of peptides with the cell surface molecules were loaded into wells of the assay plate seeded with MDRPA, which has been

confirmed to be highly susceptible to scolopendrasin VII. The left panel shows a photo of the gel from the radial diffusion assay. The right panel

shows the antibacterial activity of scolopendrasin VII in the mixture, plotted against the concentration of the cell surface molecules. The diameters

of the clearing zone are expressed in units (1 mm = 10 units). The results shown are representative of three independent experiments.
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scolopendrasin VII to characterize the mechanism of the

reduced viability. Cancer cell apoptosis was examined by

Annexin V/PI staining of the scolopendrasin VII-treated

leukemia cancer cells (Fig. 5). The Annexin V-positive/PI-

positive population increased at peptide concentrations of

200 and 300 µg/ml. The Annexin V-positive/PI-positive

population reached a maximum at 300 µg/ml scolopendrasin

VII. A similar shift in the cell population following

scolopendrasin VII treatment was also observed in Jurkat cells

(data not shown). These data indicate that scolopendrasin

VII induces necrosis in the leukemia cancer cells.

The membrane integrity of the U937 cells following

scolopendrasin VII treatment was analyzed by acridine

orange/ethidium bromide staining (Fig. 6). After 4 h of

scolopendrasin VII treatment, the number of orange-

colored nuclei increased in scolopendrasin VII-treated cells

in a concentration-dependent manner. The cells treated

with scolopendrasin VII exhibited an orange and orange-red

fluorescence, indicating increased membrane disruption with

increased concentrations of scolopendrasin VII. A similar

phenomenon was also observed in Jurkat cells (data not

shown). The cells treated with scolopendrasin VII exhibited

an orange fluorescence, indicating that scolopendrasin VII-

treated cells were primarily necrotic. Taken together, these

results indicate that scolopendrasin VII-treated leukemia

cells were primarily undergoing necrotic cell death.

In conclusion, scolopendrasin VII shows selective anticancer

activity against leukemia cells such as U937 and Jurkat

cells. LDH release assay, flow cytometric analysis, and

acridine orange/ethidium bromide staining indicated that

scolopendrasin VII induces necrosis in the cancer cells. The

anticancer activities of scolopendrasin VII are dependent

on its interaction with phosphatidylserine. Collectively,

these results would be directly applicable in the development

of novel cancer therapeutics from S. s. mutilans AMPs.

Acknowledgments

This work was supported by a grant from the Next-

Generation BioGreen 21 Program (Project No. PJ01104304),

Rural Development Administration, Republic of Korea.

References

1. Chen YQ, Min C, Sang M, Han YY, Ma X, Xue XQ, Zhang

SQ. 2010. A cationic amphiphilic peptide ABP-CM4 exhibits

Fig. 5. Scolopendrasin VII induces necrosis in U937 human

leukemia cells. 

Flow cytometric analyses of the leukemia cells treated with various

concentrations of scolopendrasin VII for 4 h were performed. The cells

were stained with annexin V-FITC and PI and subjected to flow

cytometry. The distribution of the cells is presented as the percentage

of total cells counted (10,000).

Fig. 6. Scolopendrasin VII-treated U937 leukemia cells stained

with acridine orange/ethidium bromide. 

Cells were observed under a fluorescence microscope (×400). Live

cells show green fluorescence, whereas necrotic cells show orange

fluorescence. (A) Control (no treatment); (B) treatment with

scolopendrasin VII (100 µg/ml); (C) treatment with scolopendrasin

VII (200 µg/ml); (D) treatment with scolopendrasin VII (300 µg/ml).



1280 Lee et al.

J. Microbiol. Biotechnol.

selective cytotoxicity against leukemia cells. Peptides 31:

1504-1510.

2. Chiu D, Lubin B, Shohet SB. 1979. Erythrocyte membrane

lipid reorganization during the sickling process. Br. J.

Haematol. 41: 223-234.

3. Du Q, Hou X, Ge L, Li R, Zhou M, Wang H, et al. 2014.

Cationicity-enhanced analogues of the antimicrobial peptides,

AcrAP1 and AcrAP2, from the venom of the scorpion,

Androctonus crassicauda, display potent growth modulation

effects on human cancer cell lines. Int. J. Biol. Sci. 10: 1097-1107.

4. Hoskin DW, Ramamoorthy A. 2008. Studies on anticancer

activities of antimicrobial peptides. Biochim. Biophys. Acta

1778: 357-375.

5. Hwang PM, Vogel HJ. 1998. Structure-function relationships

of antimicrobial peptides. Biochem. Cell Biol. 76: 235-246.

6. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D.

2011. Global cancer statistics. CA Cancer J. Clin. 61: 69-90.

7. Jung KW, Won YJ, Kong HJ, Oh CM, Lee DH, Lee JS. 2014.

Cancer statistics in Korea: incidence, mortality, survival,

and prevalence in 2011. Cancer Res. Treat. 46: 109-123.

8. Li Y, Xiang Q, Zhang Q, Huang Y, Su Z. 2012. Overview on

the recent study of antimicrobial peptides: origins, functions,

relative mechanisms and application. Peptides 37: 207-215.

9. Papo N, Shai Y. 2005. Host defense peptides as new

weapons in cancer treatment. Cell. Mol. Life Sci. 62: 784-790.

10. Pemberton RW. 1999. Insects and other arthropods used as

drugs in Korean traditional medicine. J. Ethnopharmacol. 65:

207-216.

11. Peng K, Kong Y, Zhai L, Wu X, Jia P, Liu J, Yu H. 2010.

Two novel antimicrobial peptides from centipede venoms.

Toxicon 55: 274-279.

12. Powers JP, Hancock RE. 2003. The relationship between

peptide structure and antibacterial activity. Peptides 24:

1681-1691.

13. Rawyler A, van der Schaft PH, Roelofsen B, Op den Kamp

JAF. 1985. Phospholipid localization in the plasma membrane

of Friend erythroleukemic cells and mouse erythrocytes.

Biochemistry 24: 1777-1783. 

14. Schweizer F. 2009. Cationic amphiphilic peptides with

cancer-selective toxicity. Eur. J. Pharmacol. 625: 190-194.

15. Scott MG, Hancock RE. 2000. Cationic antimicrobial peptides

and their multifunctional role in the immune system. Crit.

Rev. Immunol. 20: 407-431.

16. Siegel R, Ma J, Zou Z, Jemal A. 2014. Cancer statistics, 2014.

CA Cancer J. Clin. 64: 9-29.

17. Wang KR, Yan JX, Zhang BZ, Song JJ, Jia PF, Wang R. 2009.

Novel mode of action of polybia-MPI, a novel antimicrobial

peptide, in multi-drug resistant leukemic cells. Cancer Lett.

278: 65-72.

18. Wenhua R, Shuangquan Z, Daxiang S, Kaiya Z, Guang Y.

2006. Induction, purification and characterization of an

antibacterial peptide scolopendrin I from the venom of

centipede Scolopendra subspinipes mutilans. Indian J. Biochem.

Biophys. 43: 88-93.

19. Yang N, Strøm MB, Mekonnen SM, Svendsen JS, Rekdal O.

2004. The effects of shortening lactoferrin derived peptides

against tumour cells, bacteria and normal human cells. J.

Pept. Sci. 10: 37-46.

20. Yoo WG, Lee JH, Shin Y, Shim JY, Jung M, Kang BC, et al.

2014. Antimicrobial peptides in the centipede Scolopendra

subspinipes mutilans. Funct. Integr. Genomics 14: 275-283.

21. Zhu LN, Fu CY, Zhang SF, Chen W, Jin YT, Zhao FK. 2013.

Novel cytotoxic exhibition mode of antimicrobial peptide

anoplin in MEL cells, the cell line of murine Friend leukemia

virus-induced leukemic cells. J. Pept. Sci. 19: 566-574.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


