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CHAPTER 12 

PROMOTER-ASSOCIATED LONG  
NONCODING RNAs REPRESS TRANSCRIPTION 

THROUGH A RNA BINDING PROTEIN TLS

Riki Kurokawa
Division of Gene Structure and Function, Research Center for Genomic Medicine, Saitama Medical University, 
Yamane, Hidaka-shi, Saitama-Ken, Japan 
Email: rkurokaw@saitama-med.ac.jp

Abstract:

as an ncRNA species containing more than 200 nucleotides. Recently, a long 

(Translocated in liposarcoma) and exerts transcriptional repression through histone 

in recognition by TLS. Taken together, TLS is a unique mediator between signals 

in living cells.1-3

RNA Infrastructure and Networks, edited by Lesley J. Collins . 
©2011 Landes Bioscience and Springer Science+Business Media.
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INTRODUCTION

4-7

especially regarding micro (mi) RNAs and their related small ncRNAs including siRNAs 
8,9

5,6 miRNAs repress 

10,11 while HOTAIR and P15AS work as 
a corepressor,12,13

the cyclin D1 gene.14 The cyclin D1 promoter-associated ncRNAs (pncRNAs) bind an 

14 We have 

15 It has been shown to 
play roles in RNA processing, homologous DNA pairing and transcription.8,9

sensitivity to DNA damaging agents,9

showing that TLS plays a pivotal role in maintaining genomic integrity.16,17

18,19

as EWS-FLI1 in Ewing’s sarcoma.18 TAF15 was initially described as a component 
19

(TAFII68-CHN) in a chondrosarcoma patient20,21

cause mostly sarcomas.21-23

D1 promoter.14 This chapter reviews long ncRNA-dependent transcriptional repression 

1-3

THE TARGET RNA SEQUENCES RECOGNIZED BY TLS
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14 These 
24 

24

beads with a 32

the three clones (9, 60 and 75) turned out to possess the best bindings to TLS and the 
GGUG consensus TLS binding site (Table 1).24

with synthetic RNA oligos and bacterially expressed GST-TLS. However, the selected 
consensus sequence GGUG possesses a robust binding to TLS and also to other TET 

24 The GGUG RNA is bound with TLS to 
14

naturally occurring RNA sequences with the ability to enhance the HAT inhibition 
by TLS,14

irradiation (IR).14

the GGUG sequence at six regions (A, B, C, D, E and F). The RT-PCR experiments 

detail later.
Extensive biochemical experiments demonstrated that the cyclin D1 pncRNAs are 

transcribed through RNA polymerase II and have a poly A tail, but no CAP structure.14 
The transcription is induced by IR and other DNA-damaging reagent treatments, 

25 

long ncRNAs have not been well investigated.26-28 Understanding the transcriptional 

ncRNA transcription.14
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14,24,29 

HAT activity.14

14 Preliminary experiments showed 

(Kurokawa, unpublished data). In case that the double stranded pncRNAs are not bound 

pncRNA with sense-antisense strand has not been examined.14 The sense-antisense 

protein coding genes,30,31 

is a tumor suppressor gene p15.13

RNAs.13

14 The nuclear localization 

a role in transcriptional regulation.

DOMAIN STRUCTURE OF TLS

(pI: 2.6) and that the C-terminus (211-526) is a basic one (pI: 10.45) (Fig. 1A,B). The 

14

domain (Fig. 1A).19,32

a GAL4 reporter assay, indicating that the N-terminus is a transcriptional activation 
domain.32

above (Fig. 2).14

N-terminus is bound by CREB-binding protein CBP and adenovirus p300 that are potent 
transcriptional coactivators with the potent HAT activity.14

the N-terminus at least partly contributes to its transcription activity.
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C-terminus has several putative RNA interacting regions: RRM; the RGG-repeats that 

32,33 Lerga et al showed that the GGUG-RNA bound to 
the RRM (271-392; amino acid numbers shown), activation domain (AD)-RGG1 (1-271) 

CUC-GGUG RNA, UAG-RNA), while AD-RGG1 
is not able to bind these mutants (Table 1). These data imply that AD-RGG1, RRM 

Figure 1.
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-UAGUUUGGUGAU-3 ) that contain the 

(398-468) bound to the RNA oligos.29 There is a remarkable discrepancy regarding the 

24,29 

at the C-terminus,29 while Lerga et al utilized the RRM (271-392) that contains the 
C-terminal RGG repeat.24 Addition to this explanation, shorter RNA oligos used by 

24,29 

no interaction with or without the GGUG RNA. These data have indicated that TLS 

distinctive role to support the RNA binding.

34

been analyzed regarding the RNA-binding protein ZRANB2 showing that ZRANB2 

M and 2 M, 
respectively.34

34 Both F1 and 

M, 

target RNA.34

34 A protein 

Figure 2.
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34 The sequence alignment between 
ZRANB2-F2 and TET proteins also indicates exact matching at the amino acids (D425, 

the TET proteins than the homologous amino acids to ZRANB2-F2 are involved in 

32

TLS is 250 nM,24

TLS with the truncated GGUG-RNA (5 -UAGUUUGGUGAU-3 ) showed that Kd is 
10000 nM.29

GGUG-RNA. These data also imply that TLS is able to bind multiple RNA molecules 

TRANSCRIPTION-REGULATORY LONG ncRNA, CYCLIN D1 pncRNA

explore the naturally occurring RNA sequence bound by TLS and the cyclin D1 pncRNA 

-untranslated regulatory regions, promoters and enhancers.35,36 

reductase (DHFR).35

35 In the quiescent cells, the transcript 

37,38

the genes in these promoter contexts. The DHFR pncRNA does not need to bind any 

36 Genome-wide sequencing analysis with a 

activity-regulated enhancers that are bound by CBP in a neuronal activity-dependent 
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RNA polymerase II at enhancers transcribes bi-directionally eRNA within enhancer 

inducing mRNA synthesis. Experiments with the ARC gene, which regulates synaptic 
ARC promoter resulted in no eRNA synthesis 

although the ARC
ARC

the enhancer with a promoter. Given that the enhancers are interacted with the promoter 
to tether them to each other, eRNA might be bound with an RNA-binding protein like 
TLS to exert transcriptional regulations. Contrast to these two ncRNAs, the cyclin D1 
pncRNA has been proved to require TLS as a binding partner to exert transcriptional 

a unique machinery to exert transcriptional repression in eukaryotic transcriptional 
programs (Fig. 3).

Figure 3. Promoter-associated ncRNA-dependent transcriptional repression. At the cyclin D1 promoter, 

14
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coactivator complex.39 Unexpectedly, TLS only repressed two genes, cyclin D1 and E1. 

cyclin D1 promoter. Targeting only cyclin D1 and E2 by TLS indicates that every CREB 

ncRNA are not abundant. The cyclin D1-pncRNAs are also low copy number ncRNAs. 

observations with quantitative PCR.14

D1 gene.14

the cyclin D1-pncRNAs to work as a cis-acting agent, but not as a trans-acting one. 

promoter region in which the cyclin D1 pncRNAs are generated. Hence, the localization 

D1 expression.

24

the GGUG-RNA and the cyclin D1-pncRNAs A and B showed that TLS has similar 
14

14
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to the pncRNAs. Indeed, our mass spectrometric analysis showed that the protein arginine 
40 is a 

complex could be an essential process to enable TLS to play a pivotal role in mammalian 
transcription regulatory programs.

CONCLUSION

like TLS.

corresponding RNA binding proteins in transcription regulatory programs. This discussion 

the human genome.

long ncRNAs.41

lateral sclerosis (ALS).42,43 TLS has been reported to have multiple mutants to cause 

clinical and pathological similarity.44

42,43,45 This TLS association with ALS and other 

ACKNOWLEDGEMENTS



207pncRNA REPRESS TRANSCRIPTION THROUGH A RNA BINDING PROTEIN TLS

REFERENCES

25:120-128.

2005; 309:1559-1563.

arrays. Science 2004; 306:2242-2246.

Caenorhabditis elegans. Nature 1998; 391:806-811.

present in an SRC-1 complex. Cell 1999; 97:17-27.

Nature 2008; 451:202-206.

transcription. Nature 2008; 454:126-130.

liposarcoma. Nature 1993; 363:640-644.
16. Kuroda M, Sok J, Webb L et al. Male sterility and enhanced radiation sensitivity in TLS( ) mice. EMBO 

J 2000; 19:453-462.

chromosome translocation in human tumours. Nature 1992; 359:162-165.

J 1996; 15:5022-5031.

oncogenic properties. Oncogene 1999; 18:8000-8010.

18:7599-7601.

irradiation in murine macrophage cells. Biochem Biophys Res Commun 2001; 284:71-76.
26. Guttman M, Amit I, Garber M et al. Chromatin signature reveals over a thousand highly conserved large 

noncoding RNAs in mammals. Nature 2009; 458:223-227.
27. Khalil AM, Guttman M, Huarte M et al. Many human large intergenic noncoding RNAs associate 

106:11667-11672.
28. Huarte M, Guttman M, Feldser D et al. A large intergenic noncoding RNA induced by p53 mediates global 

gene repression in the p53 response. Cell 2010; 142:409-419.

TLS. J Biol Chem 2004; 279:44834-44840.



208 RNA INFRASTRUCTURE AND NETWORKS

transcription. Science 2007; 316:1484-1488.

activation domain. Oncogene 1994; 9:3717-3729.

single-stranded RNA-binding domains that recognize 5  splice site-like sequences. Proc Natl Acad Sci 
USA 2009; 106:5581-5586.

36. Kim TK, Hemberg M, Gray JM et al. Widespread transcription at neuronal activity-regulated enhancers. 
Nature 2010; 465:182-187.

10:453-460.
38. Martens JA, Laprade L, Winston F. Intergenic transcription is required to repress the Saccharomyces 

cerevisiae SER3 gene. Nature 2004; 429:571-574.

activation by p53. Cell 2004; 117:735-748.

amyotrophic lateral sclerosis type 6. Science 2009; 323:1208-1211.

degeneration. Neurology 2010; 74:366-371.
45. Lagier-Tourenne C, Cleveland DW. Rethinking ALS: the FUS about TDP-43. Cell 2009; 136:1001-1004.


	CHAPTER 12 PROMOTER-ASSOCIATED LONG NONCODING RNAs REPRESS TRANSCRIPTION THROUGH A RNA BINDING PROTEIN TLS
	Abstract
	INTRODUCTION
	THE TARGET RNA SEQUENCES RECOGNIZED BY TLS
	DOMAIN STRUCTURE OF TLS
	TRANSCRIPTION-REGULATORY LONG ncRNA, CYCLIN D1 pncRNA
	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




