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Abstract: The Scribble protein complex genes, consisting of lethal giant larvae (Lgl), 
discs large (Dlg) and scribble (Scrib) genes, are components of an evolutionarily 
conserved genetic pathway that links the cell polarity in cells of humans and Drosophila. 
The tissue expression and developmental changes of the Scribble protein complex genes 
were documented using qRT-RCR method. The Lgl and Scrib genes could be detected in 
all the experimental tissues, including fat body, midgut, testis/ovary, wingdisc, trachea, 
malpighian tubule, hemolymph, prothoracic gland and silk gland. The Dlg gene, mainly 
expressed only in testis/ovary, could not be detected in prothoracic gland and hemolymph. 
In fat body, there were two higher expression stages of the three genes. The highest peak of 
the expression of the Lgl and Scrib genes in wingdisc lay at the 1st day of the 5th instar, 
but the Dlg gene was at 3rd day of 5th instar. The above results indicate that Scribble 
complex genes are involved in the process of molting and development of the wingdisc in 
the silkworm. This will be useful in the future for the elucidation of the detailed biological 
function of the three genes Scrib, Dlg and Lgl in B. mori. 
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1. Introduction 

During development of an organism, cells exhibit different shapes from columnar epithelial cells to 
stellate fibroblast cells, and cell shape plays an important role for maintenance of normal cellular 
functions and tissue homoeostasis [1]. Cell polarity is important for cell shape maintenance, which is 
generally described as the asymmetric distribution of cellular constituents, and this includes membrane 
proteins, carbohydrates and lipids [2]. Loss of cell polarity in epithelium is commonly linked to cancer 
development and progression [3]. 

The Scribble protein complex were identified first in Drosophila as cell polarity genes consisting of 
lethal giant larvae (Lgl), discs large (Dlg) and scribble (Scrib), which are evolutionarily conserved 
components of a common genetic pathway that link the disparate functions of cell polarity and cell 
proliferation in epithelial cells [4]. Mutants of all three genes can induce the development of 
multilayered and invasive tumors in Drosophila imaginal epithelia, which are called 
tumor-suppressor genes [5]. Intriguingly, the neoplastic tumor-suppressor mutants do not overproliferate 
when surrounded by wild-type tissue; instead, these mutant clones are eliminated from epithelium by 
cell competition [6]. Scrib gene encodes a membrane associated scaffolding protein, which contains 
16N-terminal leucine-rich repeats (LRRs) and four PDZ domains (a member of the LAP family 
protein) [7]. Dlg as a scaffolding protein of the MAGUK family contains three PDZ domains, an SH3 
domain, and a GUK domain [8]. Compared to Scrib and Dlg, Lgl is not a scaffolding protein but a 
WD40 repeat protein [9]. Scrib localizes to the adherens junction (AJ) at the basolateral region. Dlg 
binds to Scrib directly and is situated the same site with Scrib. The Lgl can localize to the plasma 
membrane after phosphorylation [10]. The Scrib, Dlg,and Lgl proteins are highly conserved in 
sequence among species, and are likely to be functionally conserved as well. In addition, mammalian 
Dlg can rescue the phenotype of a Drosophila Dlg mutant [11]. After the complete genome of B. mori 
was sequenced [12], the gene expression and regulation was widely analyzed [13 15]. However, there 
are no reports about the genes encoding the Scribble protein complex; including Scribble (Scrib),  
Discs large (Dlg) and Lethal giant larvae (Lgl) are found in silkworm, B. mori. 

In the present research, the Scribble protein complex genes (Scrib, Dlg and Lgl) encoding the 
Scribble protein complex were identified from the silkworm, B. mori. The tissue expression and 
developmental change of these three genes were studied. 

2. Materials and Methods 

2.1. Insects 

The silkworm larvae (P50 strain) were provided by The Sericultural Research Institute, Chinese 
Academy of Agricultural Sciences. They were reared with mulberry leaves in the laboratory at 25 °C 
under 14 h light/10 h dark cycles [16]. The different tissues, including fat body (FB), midgut (MT), 
testis/ovary (TE/OV), wingdisc (WD), trachea (TR), malpighian tubule (MG), hemolymph (HA), 
prothoracic gland (PG), and silk gland (SG), were dissected in 0.75% NaCl, and stored at 80 °C until 
use. Based on the molting of larvae of silkworm, the larvae after the 3rd molting to 4th molting were 
staged as the 4th instar; the larvae after the 4th molting to wandering stage were staged as the 5th 
instar; the wandering stage larvae were those that had ceased feeding. To analyze the developmental 
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expression pattern of the three genes, the tissues from 10 silkworms were dissected and mixed as  
one sample. 

2.2. Gene Identification 

The Scribble complex genes in B. mori were searched in the SilkDB [17]. We used the highly 
conserved Scrib (GenBank AF190774.2), Dlg (GenBank M73529.1) and Lgl (GenBank NM_164349.3) 
genes of D. melanogaster as queries to search and identify silkworm Scrib, Dlg and Lgl genes by local 
BLASTP, with an E-value threshold of 10 6. The identified putative Scrib, Dlg and Lgl genes were 
validated by search of the protein database of the NCBI. The putative Scrib, Dlg and Lgl genes were 
also confirmed the sequences found in SilkDB by sequencing the related PCR products. Each gene was 
further analyzed by the program Pfam to identify its domains (Figure 1). 

Figure 1. The significant domains of the scribble complex genes in Drosophila melanogaster 
and Bombyx mori. LRR8: Leucine rich repeat; LRR4: Leucine rich repeat (2 copies); PDZ: 
PDZ domain; SH3_1: SH3 domain; Guanylate kin: Guanylate kinase; LLGL: LLGL2; 
Lgl_C: Lethal giant larvae like, C-terminal; AA_permease 2: Amino acid permease; 
AA_permease C: C-terminus of AA_permease; TFIIIC delta: Transcription factor IIIC 
subunit delta N-term. 

 

2.3. RNA Isolation, cDNA Synthesis 

Total RNA was isolated from the different tissues of B. mori 
protocol of TRIzol® Reagent kit (Ambion, TX, USA). Different tissue samples were homogenized 
with at least 1ml TRNzol Reagent in the glass homogenizer. The process of total RNA extraction and 
purification was carried out following the instructions including a DNase treatment. The quality of 
RNA was ascertained by the spectrophtometric method with an A260/A280 ratio from 1.8 to 2.0 and 1% 
agarose gels electrophoresis based on the integrity of 18S and 28S rRNA bands. Finally the tolal RNA 

L DEPC treated H2O and stored at 80 °C. 
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The cDNA were synthesized from 2 -MLV RTase cDNA 
Synthesis Kit (Takara, China) with the oligo(dT)18 primers in a 20  final volume according to the 

 The cDNAs were diluted 10 times and utilized to qRT-RCR experiment. 

2.4. qRT-RCR 

The qRT-RCR was performed on IQ5 Real-Time qPCR Detection System (Bio-Rad,USA) with 
SYBR green (Toyobo, Janpan) as dsDNA binding dyes. qRT-PCR reactions were carried out with 2  
diluted cDNA, 10  SYBR® Green Realtime PCR Master Mix, 0.8  10 
downstream primer and 6.4  ddH2O in a final volume of 20  in triplicate. The reaction was 
initially denatured at 95 °C for 30 s, followed by 40 cycles of denaturation at 95 °C for 5 s and 
annealing at 58 °C for 10 s. Melt curve analysis was performed at the end of each PCR thermal profile 
to assess the specificity of amplification. The primers used in this study were designed by Primer 5.0 
software (Table 1). 

Table 1. The primers used for qRT-PCR. 

Gene Primers Sequences GenBank 

Scrib 
Scrib F 5' TAGTTCAGCAACTGGAACGC 3' 

BGIBMGA005373 
Scrib R 5' TTCTAGCCATGCGAATTGAG 3' 

Dlg 
Dlg F 5' AACGCTGACGGAGAAATCTT 3' 

BGIBMGA010382 
Dlg R 5' GAGTGTACGCGATCGTCAAT 3' 

Lgl 
Lgl F 5' TCGTCTTCCGAATTACAACG 3' 

BGIBMGA005570 
Lgl R 5' GGCACCTCTTCCTTATGCTC 3' 

Rp49 
Rp49 F 5' CAGGCGGTTCAAGGGTCAATAC 3' 

AY769302 
Rp49 R 5' TGCTGGGCTCTTTCCACGA 3' 

2.5. Tissue-Specific Distribution and Developmental Expression of Scrib, Dlg and Lgl 

The distribution of Scrib, Dlg and Lgl mRNAs was detected in fat body (FB), midgut (MT), 
testis/ovary (TE/OV), wingdisc (WD), trachea (TR), malpighian tubule (MG), hemolymph (HA), 
prothoracic gland (PG), and silk gland (SG) by qRT-PCR. The qRT-PCR primers are listed in Table 1. 
The specificity of pairs of primers was verified via the single amplification with expected size in 
normal PCR amplification and the only peak of the melt curve line in qRT-PCR reactions. qRT-PCR 
data were obtained as Ct. The mRNA expression of Scrib, Dlg and Lgl was normalized to the RP49 
gene for the tissue distribution. Based on the tissue distribution analysis, the developmental expression 
of Scrib, Dlg and Lgl in fat body and wingdisc was carried out. 

3. Results 

3.1. Tissue-Specific Distribution and Developmental Expression of the Scrib Gene 

The mRNA expression patterns of the Scrib gene in different tissues of 2nd day of the 5th instar 
larval of silkworm were determined by qRT-PCR analysis (Figure 2). Our result showed that the Scrib 
gene is expressed in all the experimental tissues. The highest transcript levels of the Scrib gene was 
detected in wingdisc, and the next was in testis/ovary. Trachea and hemolymph also showed higher 
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expression level. Malpighian tubule and silk gland showed lower level of the Scrib gene, with 0.27 and 
0.23 fold compared to the Rp49 gene. 

Figure 2. Tissue distribution of Scrib mRNA in Bombyx mori. fat body, FB; midgut, MT; 
testis/ovary, TE/OV; wingdisc, WD; trachea, TR; malpighian tubule, MG; hemolymph, 
HA; prothoracic gland, PG; silk gland, SG. 

 

In insects, the fat body is the central organ for energy metabolism and nutrient storage; it senses and 
integrates environmental signals such as nutrition and the molting hormone to regulate insect body 
growth. Therefore, we further detected the developmental expression profile of the Scrib gene in fat 
body of B. mori. From the 4th day of the 4th instar larval to the 1st day of the 5th instar, the Scrib gene 
kept higher expression, and then declined to a low level dramatically. During the middle stage of the 
5th instar, the Scrib gene increased slightly. After the wandering phase, the Scrib gene increased again 
(Figure 3). 

Figure 3. Developmental changes of Scrib mRNA in fat body of Bombyx mori. 4L-2 to 
4L-4, the 2nd to 4th day of 4th instar larvae; 4M, the molting stage of 4th instar larvae;  
5L-1 to 5L-7, the 1st day to 7th day of 5th instar larvae; W, wandering stage; PP1, the 1st 
day of pre-pupal stage. 
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Because the Scrib gene is expressed mainly in wingdisc (Figure 2), the developmental expression of 
Scrib mRNA was further analyzed (Figure 4). The Scrib gene showed the highest level from the 
molting stage of 4th instar to the 1st day of the 5th instar larval, but kept a low level at other stages. 
These results thus indicated that the Scrib may play a key role during the molting of 4th instar. 

Figure 4. Developmental changes of Scrib mRNA in wingdisc of Bombyx mori. 

 

3.2. Tissue-Specific Distribution and Developmental Expression of Dlg Gene 

The mRNA expression patterns of Dlg gene in different tissues of the 2nd day 5th instar larval of 
silkworm were determined by qRT-PCR analysis (Figure 5). The Dlg gene expressed mainly in the 
testis/ovary, being 1.55 fold that of the Rp49 gene. The Dlg gene can also be detected in fat body, 
trachea, silk gland, midgut and malpighian tubule. The Dlg mRNA was not detected in the prothoracic 
gland or hemolymph (Figure 5). 

Figure 5. Tissue distribution of Dlg mRNA in Bombyx mori. fat body, FB; midgut, MT; 
testis/ovary, TE/OV; wingdisc, WD; trachea, TR; malpighian tubule, MG; hemolymph, 
HA; prothoracic gland, PG; silk gland, SG. 
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The Dlg mRNA in fat body reached the peak level at the 4th day of the 4th instar larval; and then, 
declined continually to the wandering stage. After pupation, the Dlg expression in fat body increased 
again (Figure 6). 

Figure 6. Developmental changes of Dlg mRNA in fat body of Bombyx mori. 

 

The Dlg gene in wingdisc kept an increasing pattern from the end of the 4th instar to the 1st day of 
the 5th instar, and showed the highest level at the 3rd day of the 5th instar. Then, the Dlg gene 
expression declined significantly and kept a low level before pupation. After pupation, the Dlg 
expression in fat body increased again (Figure 7). 

Figure 7. Developmental changes of Dlg mRNA in wingdisc of Bombyx mori. 
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3.3. Tissue-Specific Distribution and Developmental Expression of Lgl Gene 

The Lgl gene expressed in all the experimental tissues. The highest transcript levels of Lgl gene was 
detected in the prothoracic gland, and the next highest was in the wingdisc. Testis/ovary also showed 
higher expression levels. The other six tissues showed very low levels of Lgl gene compared to the 
Rp49 gene (Figure 8). 

Figure 8. Tissue distribution of Lgl mRNA in Bombyx mori. fat body, FB; midgut, MT; 
testis/ovary, TE/OV; wingdisc,WD; trachea, TR; malpighian tubule, MG; hemolymph, 
HA; prothoracic gland, PG; silk gland, SG. 

 

The Lgl gene in fat body kept a stable low level from the 2nd to 4th instar, then, reached a relative 
higher peak at the 4th day of 4th instar. From the molting stage of 4th instar to the wandering stage, the 
Lgl gene in fat body maintained low expression. After pupation, the Lgl expression in fat body 
increased again (Figure 9), which is similar to the patterns of Scrib and Dlg gene in fat body. 

Figure 9. Developmental changes of Lgl mRNA in fat body of Bombyx mori. 
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The Lgl gene in wingdisc changed discontinuously from the 3rd day of the 4th instar to pupae. 
During the two molting stages, from 4th instar to the 5th and from the 5th instar to pupation, the Lgl 
gene showed a relatively higher level. The Lgl gene expressed highest at the 1st day of the 5th instar 
larva (Figure 10). After pupation, the Lgl in wingdisc kept a low level, which was different to that in 
fat body. 

Figure 10. Developmental changes of Lgl mRNA in wingdisc of Bombyx mori. 

 

4. Discussion 

In the present study, the tissue distribution and development expression of the Scribble complex 
genes (Scrib, Dlg and Lgl) in B. mori were performed. To date, there have been no reports about the 
tissue distribution of Scrib and Dlg genes in insects. Only the tissue distribution of the Lgl genes in 
Drosophila melanogaster has been reported in previous research [18]. In our results, The Lgl gene 
mainly expressed in prothoracic gland, wingdisc and testis/ovary in B. mori, can also be detected in fat 
body, midgut, trachea, malpighian tubule, hemolymph and silk gland, and these showed some 
difference in the distribution with D. melanogaster. Western blot analysis showed that the Lgl gene 
mainly expressed in brain and wingdisc, the expression in fat body was weaker, but could not be 
detected in midgut and hemolymph in D. melanogaster [18]. The difference of the Lgl distribution 
between two insects might be attributed to that the qRT-RCR used in the present research is more 
sensitive than Western blotting. 

The development expressions of the three genes of Scribble complex (Scrib, Dlg and Lgl) of B. mori 
in the two tissues were different to each other. Although the expression level of the three genes in fat 
body were different, the two higher expression stages were similar, one was in the stage from the 4th 
day of the 4th instar to the 1st day of the 5th instar, the other was the 1st day after pupation. The two 
stages are relative to the molting of the silkworm, which indicated that the three genes of Scribble 
complex in fat body may play some important roles in the silkworm molting process. The developmental 
profiles of the three genes in wingdisc were different to that in the fat body. The highest peak of the 
expression of Lgl and Scrib gene in wingdisc lay at the 1st day of the 5th instar, but the Dlg gene was 
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at the 3rd day of the 5th instar. There was a relatively higher expression peak to the Dlg gene in the 
wingdisc after pupation, but the Lgl and Scrib genes kept a low expression at this stage. The above 
differences indicated that the three genes may play different roles in the wingdisc in silkworm. The 
expression profiles related to the function of genes, but the function of the three genes of Scribble 
complex (Scrib, Dlg and Lgl) in B. mori still remains unclear, and the further research about the 
function is necessary in the future. 

5. Conclusions 

Within the experimental tissues, The Scrib, Dlg and Lgl mainly expressed in the testis/ovary, 
wingdisc, and prothoracic gland in B. mori, respectively. There were two relatively higher expression 
stages of the three genes in fat body of B. mori. The highest peak of the expression of the Lgl and Scrib 
genes in wingdisc lay at the 1st day of the 5th instar, but the Dlg gene was at the 3rd day of the 5th instar. 

Acknowledgments 

This study is supported by the National Natural Science Foundation of China (31072091, 
31272111), and the Funds for Creative Research Groups of Hefei University of Technology. 

Conflict of Interest 

The authors declare no conflict of interest. 

References 

1. Elsum, I.; Yates, L.; Humbert, P.O.; Richardson, H.E. The Scribble-Dlg-Lgl polarity module in 
development and cancer: From flies to man. Essays Biochem. 2012, 53, 141 168. 

2. Assémat, E.; Bazellières, E.; Pallesi-Pocachard, E.; Le Bivic, A.; Massey-Harroche, D. Polarity 
complex proteins. BBA Biomembranes 2008, 1778, 614 630. 

3. Bissell, M.J.; Radisky, D. Putting tumours in context. Nat. Rev. Cancer 2001, 1, 46 54. 
4. Humbert, P.; Russell, S.; Richardson, H. Dlg, Scribble and Lgl in cell polarity, cell proliferation 

and cancer. Bioessays 2003, 25, 542 553. 
5. Bilder, D. Epithelial polarity and proliferation control: Links from the Drosophila neoplastic 

tumor suppressors. Gene Dev. 2004, 18, 1909 1925. 
6. Brumby, A.M.; Richardson, H.E. Scribble mutants cooperate with oncogenic Ras or Notch to 

cause neoplastic overgrowth in Drosophila. EMBO J. 2003, 22, 5769 5779. 
7. Bilder, D.; Perrimon, N. Localization of apical epithelial determinants by the basolateral PDZ 

protein Scribble. Nature 2000, 403, 676 680. 
8. Woods, D.F.; Bryant, P.J. Molecular cloning of the lethal (1) discs large-1 oncogene of 

Drosophila. Dev. Biol. 1989, 134, 222 235. 
9. Enomoto, M.; Igaki, T. Deciphering tumor-suppressor signaling in flies: Genetic link between 

Scribble/Dlg/Lgl and the Hippo pathway. J. Genet. Genomics 2011, 38, 461 470. 
10. Jacob, L.; Opper, M.; Metzroth, B.; Phannavong, B.; Mechler, B.M. Structure of the l (2) gl gene 

of Drosophila and delimitation of its tumor suppressor domain. Cell 1987, 50, 215 225. 



Genes 2013, 4 274 
 

 

11. Thomas, U.; Phannavong, B.; Müller, B.; Garner, C.C.; Gundelfinger, E.D. Functional expression 
of rat synapse-associated proteins SAP97 and SAP102 in Drosophila dlg-1 mutants: Effects on 
tumor suppression and synaptic bouton structure. Mech. Dev. 1997, 62, 161 174. 

12. International Silkworm Genome Consortium. The genome of a lepidopteran model insect, the 
silkworm Bombyx mori. Insect Biochem. Mol. Biol. 2008, 38, 1036 1045. 

13. Wei, Z.J.; Yu, M.; Tang, S.M.; Yi, Y.Z.; Hong, G.Y.; Jiang, S.T. Transcriptional regulation of the 
gene for prothoracicotropic hormone in the silkworm, Bombyx mori. Mol. Biol. Rep. 2011, 38, 
1121 1127. 

14. Xia, H.; Zhang, C.; Feng, F.; Yuan, Y.; Zhou, Y.; Liu, X.; Chen, K. Molecular cloning, expression 
and characterization of a novel vacuolar protein sorting 4 gene in silkworm, Bombyx mori. Mol. 
Biol. Rep. 2012, 39, 10339 10346. 

15. Tang, S.; Wu, J.; Zhao, X.; Wang, H.; Qiu, Z.; Shen, X.; Guo, X. Molecular cloning and 
characterization of hatching enzyme-like geneII (BmHEL II) in the silkworm Bombyx mori. 
Biochem. Biophys. Res. Commun. 2012, 419, 194 199. 

16. Tian, L.; Guo, E.; Diao, Y.; Zhou, S.; Peng, Q.; Cao, Y.; Li, S. Genome-wide regulation of innate 
immunity by juvenile hormone and 20-hydroxyecdysone in the Bombyx fat body. BMC Genomics 
2010, 11, 549. 

17. Duan, J.; Li, R.; Cheng, D.; Fan, W.; Zha, X.; Cheng, T.; Xia, Q. SilkDB v2. 0: A platform for 
silkworm (Bombyx mori) genome biology. Nucleic Acids Res. 2010, 38, D453 D456. 

18. Klämbt, C.; Schmidt, O. Developmental expression and tissue distribution of the lethal (2) giant 
larvae protein of Drosophila melanogaster. EMBO J. 1986, 5, 2955 2961. 

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 



<<
  /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
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


