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Abstract: Gene expression is a highly controlled process which is known to occur at 
several levels in eukaryotic organisms. Although RNAs have been traditionally 

small noncoding RNAs called MicroRNAs (miRNAs). MicroRNAs (miRNAs) 
control essential gene regulatory pathways in both plants and animals however 

components is only beginning to be elucidated. In this chapter, we provide an 

present our current understanding on these post-transcriptional networks in the 

been under-appreciated over the past decades, but would also allow us to use the 
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INTRODUCTION

For a long time, RNA was thought to have a supplementary role in genome 

22 nucleotides in 
length, namely microRNA (miRNA), are able to negatively regulate protein-coding 

 untranslated 
region (3
mRNA degradation.1-4

in diverse plants, animals, some viruses and even algae, and it now seems likely that 
all multicellular eukaryotes and perhaps some unicellular eukaryotes utilize them to 

might be regulated by miRNAs.1

MicroRNAs regulate many key biological processes, including cell growth, 

lacking some mature miRNAs are unable to survive or reproduce.5-7 For instance, a single 
8 These discoveries in 

same time underscore the important role noncoding mRNAs play in the cells. MicroRNAs 

and their targets can be densely interconnected with other cellular networks. Thus, it is 

in years to come.
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BIOGENESIS, GENOMIC ORGANIZATION AND EVOLUTION OF miRNAs

RNA molecules have been thought to be important players in regulating gene 

Caenorhabditis elegans.9,10 Genes encoding miRNAs contain many 
similarities and distinctions compared to protein-coding genes. Typically, one miRNA 

single polycistronic transcript.11,12 MicroRNAs in the same cluster may not necessarily 

co-expressed.13,14

should appear within an existing transcription unit, it immediately expresses its new 

duplication supporting this notion.15 Most miRNAs are located in either the intergenic 

antisense orientation, and expressed as independent transcription units.11,12 Some intronic 
miRNA genes, however, are arranged in the sense orientation with respect to the protein 
or RNA-coding genes, and are cotranscribed with their precursor mRNAs.14 This type 

MicroRNAs are transcribed by RNA polymerase II as long precursor transcripts, 
which are called primary miRNAs (pri-miRNAs). The pri-miRNAs are capped and 
polyadenylated, and can reach several kilobases in length.16 A single pri-miRNA might 

17,18 which initially recognize pri-miRNAs and then excise 

stem-loop hairpin structure containing the mature miRNA. Exportin-5, a nuclear export 
19,20 In the cytoplasm, 

Dicer, a second RNase-III enzyme, cleaves the pre-miRNAs to generate double-stranded 
18-24 nucleotide long RNA molecules—mature miRNAs.16,21,22 RNA-induced silencing 

16 incorporates 

pairing to the 3
mRNA degradation.1,4

mechanism occurs when the complementarity within miRNA-target duplex is nearly 

23 or 5 24,25 This dichotomy has been 

have indeed been documented in both humans and C. elegans.26-29 However, a recent 
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accounted by the lowered mRNA levels.30

within biological sequences and to understand the contribution they make to the 

ubiquitous in all the metazoans.31 In addition, most miRNAs share almost identical 

32 to show that miRNA 
33-35 These 

morphological complexity. It is possible to imagine that miRNA’s can act as important 

related species.33,36,37 For instance, in a large scale study comparing the miRNA repertoires 
37

in the current genome sequences.15

usually indicating a single polycistronic primary precursor transcript, which may carry 

38 whose 
members are independently transcribed by pol-III. It is now becoming clear that miRNA 

(discussed above).15,39-41

(1) local duplications leading to additional copies on the same primary transcript, and 

duplication events in early vertebrate evolution.41 Mature miRNA paralogs usually acquire 



63POST-TRANSCRIPTIONAL CONTROL BY MicroRNAs

42

41,43-45

miRNAs are indeed evolutionarily recent.

METHODS TO IDENTIFY miRNAs AND THEIR TARGETS

11

category and use sequence homology to experimentally known miRNAs as well as the 
11 However, conservation is high at 

under stabilizing selection and hence exhibit the characteristic variations in sequence 
conservation between stems, loop and mature miRNA (see Chapter 2, Figure 3, page 

46 Some approaches such as 

miRNAs usually appear in genomic clusters.47,48 More complicated approaches in this 

to predict novel ones.11

candidates.49 50
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miRNAs.51,52 Finally, experimental driven-approaches can be considered to be the result 

analyze and understand the resulting sequences. For instance, Mirdeep uses a probabilistic 

idea being to detect miRNAs by analyzing how sequenced RNAs are compatible with 
miRNA precursors processed in the cell, by comparing with published datasets.53 Other 

54 (Table 2). More recent studies 

model organisms.55,56

MicroRNAs act as guide molecules that program the RISC complex to recognize a target 
miRNA, so it is essential to understand the mechanism by which miRNAs recognize their 

approaches to accurately predict the targets. For instance, Tarbase,57 a database dedicated 

reports 1333 mRNAs targeted by 150 animal miRNAs. These known interactions have 

complementarity to the miRNAs.58 However, in animals, extensive complementarity is 
not a common phenomenon.59

Current prediction methods are diverse in both the adopted approach and 

miRNA and mRNA; (2) miRNA:mRNA duplexes are asymmetric with the 5  end 

evolutionary conserved seed regions tend to be more likely true sites and show stronger 
regulatory impact than nonconserved ones, and (5) highly conserved miRNAs have 
many conserved targets (see Fig. 1).60-66

MicroRNA INTERPLAY WITH OTHER CELLULAR NETWORKS

complex regulatory network intertwined with other cellular networks such as signal 
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cellular networks.

cell. Signaling networks are typically represented as graphs containing both directed 
and undirected edges, with the nodes representing proteins. In such a representation 
directed links represent activation or inactivation relationships between proteins, while 
the undirected links represent physical interactions between proteins. In a large-scale 

67 the authors collected publicly available dataset on 
signaling interactions in human68 and extended it by manually curating additional 
signaling interactions to construct the largest known signaling interactome. By 
employing already available miRNA target predictions in human, Cui and coworkers 

Table 2.

Tool Supported Organisms Website

TargetScan,  
TargetScanS

Vertebrates,  65

miRanda Flies, Vertebrates 98
DIANA-microT Vertebrates 99
RNA hybrid Flies  100

PicTar Nematodes,  101

Rna22 Nematodes,   102

EIMMo Vertebrates,   103

PITA Top Vertebrates,   104

TargetBoost  105

mirWIP C. elegans  106

miRDeep Vertebrates,   
 

 
 

53

miRanalyzer Vertebrates,   54
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receptors, intracellular signaling proteins to nuclear proteins. In other words, only 

homolog) and SNAP25 (synaptosome-associated protein) have higher probability to be 
targeted by miRNAs. More generally, this study67 showed that miRNAs avoid targeting 

processes because these common proteins are highly shared by basic cellular machines 

67 By selectively regulating 

transcripts to construct transcriptional or post-transcriptional networks, while more 

69 to show 

Figure 1.

to be completely complementary to the 3  untranslated region (UTR) on the target transcript, where 
the miRNA binds and represses its activity by translational inhibition or by destabilization. Base 

addition to the match on the seed region. The vertical dashes represent the match (complementarity) 
between the seed region and mRNA transcript using Watson-Crick base pairing and is commonly 

region) on the 3
60 Multiple miRNAs 
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computationally predicted binding sites in human to show that a gene that is regulated 
70 This 

observation suggests that genes which are more complexly regulated at transcriptional 

71,72 For instance, a commonly 

Forward Loop (FFL).72,73

between TFs and miRNAs by using computational approaches.74 These computational 

74-76 These 

miRNA and the target gene, while the miRNA represses the target transcript; and (2) 

target gene (or the other way around) with the miRNA also repressing the expression 

MicroRNA, miR-17-5p represses the target gene, E2F1 and both the miRNA and E2F1 
are transcriptionally activated by c-Myc in human cells.77

77

TF activating another TF and a target gene; with the second TF activating a miRNA, 

been studied experimentally.

showed that analogous to the transcriptional networks discussed above, proteins with more 
78 In other words, 

protein connectivity in the human protein interaction network was shown to be positively 

regulatory molecules. The study also showed that inter-modular hubs i.e., proteins which 
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be regulated by miRNAs.

EXPRESSION DYNAMICS AND CROSSTALK OF miRNAs WITH OTHER 
REGULATORY FACTORS

Analogous to transcriptional regulatory networks, wherein TFs regulate their target 
genes in a combinatorial manner,79

1 This combinatorial 

Figure 2.
Darker nodes correspond to regulators, either Transcription Factors (TFs) or miRNAs, while light 
colored nodes correspond to the target genes controlled by them. Oval arrows always correspond to the 

A) In a type 1 Feed Forward Loop (FFL), TF sends either an activation or inhibition signal, at the same 

expression. B) In type 2 FFL, likewise there are two possibilities, one where TF activates miRNA and 
inhibits TG at the same time and the other where TF inhibits miRNA and activates TG. This results 

achieved when TF1 activates a TG and TF2, which in succession activates miRNA. MicroRNA then 
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 UTR region although regulation by multiple miRNAs in 
coding sequences has also been reported;80,81 (2) MicroRNAs which are clustered and are 

82-85 These computational and experimental 

whether the combinatorial interplay is conserved across species or there would have 

tissues or conditions in related organisms is unclear. MicroRNAs, in addition to their 
interplay with other miRNAs, are also known to combinatorially control genes with the 

86-90 Precise roles 

expression noise. Since miRNAs can tune a protein’s expression level more rapidly by 
targeting the encoded transcript at the post-transcriptional level compared to transcription 

91 senseless’s 

senseless,
produce extra sense organs. MicroRNA miR-9a has been suggested to set a threshold 
that senseless expression has to overcome to induce the normal developmental program. 

their regulatory circuitry across organisms with similar developmental programs. It is also 

gene expression divergence between organisms, as was shown in a study comparing the 
92 It is possible that 

CONCLUSION

complex than the simple linear pathways that one would have imagined these micromanagers 
to be controlling a decade ago. It is now becoming clear that miRNAs not only control 

metabolism. In addition to their core roles in controlling cellular mRNA pool by managing 
the protein output, miRNAs have also been shown to work in mediating cross-talk between 



71POST-TRANSCRIPTIONAL CONTROL BY MicroRNAs

ACKNOWLEDGEMENTS

REFERENCES

2. Carthew RW. Gene regulation by microRNAs. Curr Opin Genet Dev 2006; 16(2):203-208.

and siRNAs. Genes Dev 2006; 20(5):515-524.

Neurosci 2006; 29:77-103.
6. Plasterk RH. Micro RNAs in animal development. Cell 2006; 124(5):877-881.

lymphoma in E(mu)-miR155 transgenic mice. Proc Natl Acad Sci U S A 2006; 103(18):7024-7029.
9. Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small RNAs with 

antisense complementarity to lin-14. Cell 1993; 75(5):843-854.

294(5543):862-864.

RNAs. Science 2001; 294(5543):853-858.

miRNAs and host genes. RNA 2005; 11(3):241-247.

transcription units. Genome Res 2004; 14(10A):1902-1910.

351-355.
16. Kim VN. MicroRNA biogenesis: coordinated cropping and dicing. Nat Rev Mol Cell Biol 2005; 6(5):376-385.

Nature 2004; 432(7014):231-235.

Nature 2004; 432(7014):235-240.
19. Bohnsack MT, Czaplinski K, Gorlich D. Exportin 5 is a RanGTP-dependent dsRNA-binding protein that 

35(3):215-217.

23. Olsen PH, Ambros V. The lin-4 regulatory RNA controls developmental timing in Caenorhabditis elegans 

24. Humphreys DT, Westman BJ, Martin DI et al. MicroRNAs control translation initiation by inhibiting eukaryotic 



72 RNA INFRASTRUCTURE AND NETWORKS

human cells. Science 2005; 309(5740):1573-1576.

Cell 2005; 120(5):623-634.
27. Lim LP, Lau NC, Garrett-Engele P et al. Microarray analysis shows that some microRNAs downregulate 

Proc Natl Acad Sci U S A 2006; 103(8):2746-2751.
29. Bagga S, Bracht J, Hunter S et al. Regulation by let-7 and lin-4 miRNAs results in target mRNA degradation. 

Cell 2005; 122(4):553-563.
30. Guo H, Ingolia NT, Weissman JS et al. Mammalian microRNAs predominantly act to decrease target 

mRNA levels. Nature 2010; 466(7308):835-840.

991-1008.

Nucleic Acids Res 2011; 39(Database issue):D152-D157.

DNA Cell Biol 2007; 26(4):209-218.

complexity. Proc Natl Acad Sci U S A 2008; 105(8):2946-2950.

Dev Genes Evol 2007; 217(1):73-77.

microRNAs. Nat Genet 2005; 37(7):766-770.

Nat Genet 2006; 38(12):1375-1377.
38. Borchert GM, Lanier W, Davidson BL. RNA polymerase III transcribes human microRNAs. Nat Struct 

Mol Biol 2006; 13(12):1097-1101.

Zool B Mol Dev Evol 2005; 304(1):75-85.

Genomics 2005; 6:119.

Genomics 2007; 8:481.

early land plant evolution. BMC Plant Biol 2007; 7:13.

human microRNA genes. Cell 2005; 120(1):21-24.

Nucleic Acids Res 2005; 33(8):2697-2706.

miRDeep. Nat Biotechnol 2008; 26(4):407-415.
54. Hackenberg M, Sturm M, Langenberger D et al. miRanalyzer: a microRNA detection and analysis tool 

Argonaute CLIP-Seq and Degradome-Seq data. Nucleic Acids Res 2011; 39(Database issue):D202-D209.



73POST-TRANSCRIPTIONAL CONTROL BY MicroRNAs

data. Nucleic Acids Res 2010; 38(Database issue):D123-130.

locus. Curr Biol 2005; 15(8):743-749.

microRNAs. Nature 2008; 455(7209):58-63.

64. Krek A, Grun D, Poy MN et al. Combinatorial microRNA target predictions. Nat Genet 2005; 37(5):495-500.

Mol Syst Biol 2006; 2:46.

Mammalian cellular network. Science 2005; 309(5737):1078-1083.

stem cells. Cell 2006; 125(2):301-313.

complexity. Biochem Biophys Res Commun 2007; 352(3):733-738.

coli. Nat Genet 2002; 31(1):64-68.

Res Microbiol 2007; 158(10):787-794.

microRNAs. BMC Genomics 2007; 8:396.

Res 2010; 38(Database issue):D119-D122.
77. O’Donnell KA, Wentzel EA, Zeller KI et al. c-Myc-regulated microRNAs modulate E2F1 expression. 

Nature 2005; 435(7043):839-843.

13(9):1402-1408.

80. Fontana L, Pelosi E, Greco P et al. MicroRNAs 17-5p-20a-106a control monocytopoiesis through AML1 
targeting and M-CSF receptor upregulation. Nat Cell Biol 2007; 9(7):775-787.

81. Tay Y, Zhang J, Thomson AM et al. MicroRNAs to Nanog, Oct4 and Sox2 coding regions modulate 

cluster. Nat Genet 2006; 38(9):1060-1065.

2008; 7(20):3137-3142.

inhibitors by microRNA clusters in gastric cancer. Nucleic Acids Res 2009; 37(5):1672-1681.

network. BMC Syst Biol 2009; 3:65.

87. Khalil AM, Guttman M, Huarte M et al. Many human large intergenic noncoding RNAs associate 

106(28):11667-11672.
88. Alvarez-Saavedra M, Antoun G, Yanagiya A et al. miRNA-132 orchestrates chromatin remodeling and 



74 RNA INFRASTRUCTURE AND NETWORKS

organization. J Cell Sci 2010; 123(Pt 11):1825-1839.
90. Laporte P, Merchan F, Amor BB et al. Riboregulators in plant development. Biochem Soc Trans 2007; 

35(Pt 6):1638-1642.

in Drosophila. Genes Dev 2006; 20(20):2793-2805.

Trends Genet 2007; 23(8):372-375.

94. Hertel J, Stadler PF. Hairpins in a Haystack: recognizing microRNA precursors in comparative genomics 

Nat Methods 2007; 4(12):1045-1049.
98. Enright AJ, John B, Gaul U et al. MicroRNA targets in Drosophila. Genome Biol 2003; 5(1):R1.
99. Kiriakidou M, Nelson PT, Kouranov A et al. A combined computational-experimental approach predicts 

human microRNA targets. Genes Dev 2004; 18(10):1165-1178.

RNA 2004; 10(10):1507-1517.
101. Grun D, Wang YL, Langenberger D et al. microRNA target predictions across seven Drosophila species 

and comparison to mammalian targets. PLoS Comput Biol 2005; 1(1):e13.

sites and their corresponding heteroduplexes. Cell 2006; 126(6):1203-1217.

Nat Genet 2007; 39(10):1278-1284.

target prediction algorithms. RNA 2005; 11(7):995-1003.
106. Hammell M, Long D, Zhang L et al. mirWIP: microRNA target prediction based on microRNA-containing 

ribonucleoprotein-enriched transcripts. Nat Methods 2008; 5(9):813-819.


	CHAPTER 4 MicroRNAs AS POST-TRANSCRIPTIONAL MACHINES AND THEIR INTERPLAY WITH CELLULAR NETWORKS
	Abstract
	INTRODUCTION
	BIOGENESIS, GENOMIC ORGANIZATION AND EVOLUTION OF miRNAs
	METHODS TO IDENTIFY miRNAs AND THEIR TARGETS
	MicroRNA INTERPLAY WITH OTHER CELLULAR NETWORKS
	EXPRESSION DYNAMICS AND CROSSTALK OF miRNAs WITH OTHER REGULATORY FACTORS
	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




