
  

Aus dem Max-Planck-Institut für molekulare Genetik 

 

Geschäftsführender Direktor:  Prof. Dr. rer. nat. Martin Vingron 
Abteilungsleiter:    Prof. Dr. med. Hans-Hilger Ropers 
Arbeitsgruppe:    Dr. rer. nat. Vera Kalscheuer 
 

 

 

 

 

 

 

Identification and characterisation of genes 

involved in cognitive function 
 
 
 
 
 
 
 

Inaugural-Dissertation 

zur Erlangung des Grades Doctor rerum medicarum 

der Charité-Universitätsmedizin Berlin 

 

 
 
 
 
 
 
 
vorgelegt von:     Sarah Althea Shoichet 
aus:      Mission, British Columbia, Canada 
 



  

Referent:    Prof. Dr. med. Burghardt Wittig 
 
Korreferent:   Prof. Dr. med. Hans-Hilger Ropers 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gedruckt mit Genehmigung der Charité-Universitätsmedizin Berlin  
Campus Benjamin Franklin 
 
Promotionsdatum: 03.09.2004 



  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this dissertation, words believed to constitute trademarks have been  
designated as such. However, neither the presence nor absence of such designation 

 should be regarded as affecting the legal status of any trademark. 
 



1  

TABLE OF CONTENTS  
  
1.  INTRODUCTION…………………………………………… 4 
  
  1.1 Identifying genetic causes of mental retardation: historical overview……… 4 
  1.2 Mechanisms by which gene defects cause MR………………………………... 8 
      1.2.1      Chromatin remodelling and MR………………………………………….... 9 
      1.2.2      GTP-binding proteins, signal transduction, and MR……………………….. 12 
1.3   Utilising chromosome abnormalities for identification of candidate MR 
          genes……………………………………………………………………………... 

 
16 

  1.4 Aim of the study………………………………………………………………… 17 
  
2.  MATERIALS AND METHODS……………………………. 18 
  
   2.1    Materials………………………………………………………………………… 18 
       2.1.1      Chemicals………………………………………………………………….. 18 
       2.1.2      Solutions and media………………………………………………………... 19 
       2.1.3      Enzymes……………………………………………………………………. 21 
       2.1.4      Kits…………………………………………………………………………. 21 
       2.1.5      Vectors……………………………………………………………………... 22 
       2.1.6      Cell culture reagents ………………………………………………………. 22 
       2.1.7      Antibodies………………………………………………………………….. 22 
       2.1.8      Human genomic material…………………………………………………... 23 
       2.1.9      Bacteria…………………………………………………………………….. 23 
       2.1.10    Mammalian cell lines………………………………………………………. 23 
       2.1.11    Translocation patients, XLMR families, and controls……………………... 23 
       2.1.12    Online resources for clone mapping and alignments………………………. 24 
  
   2.2    Methods…………………………………………………………………………. 25 
       2.2.1      DNA isolation……………………………………………………………… 25 
       2.2.2      RNA isolation……………………………………………………………… 25 
       2.2.3      Fluorescence in situ hybridisation (FISH)…………………………………. 25 
       2.2.4      Preparation of DNA probes for hybridisation……………………………... 26 
       2.2.5      RT-PCR experiments………………………………………………………. 27 
       2.2.6      Isotope-labelling of probes for hybridisations……………………………... 28 
       2.2.7      Library screening…………………………………………………………... 28 
       2.2.8      Southern blot hybridisations……………………………………………….. 29 
       2.2.9      Northern blot hybridisations……………………………………………….. 29 
       2.2.10    Breakpoint cloning (Patient 3)……………………………………………... 30 

2.2.11 Mutation screening of ZNF41 by denaturing high performance liquid   
              chromatography (DHPLC)………………………………………………… 

 
31 

       2.2.12    Cell fractionation and western blotting……………………………………. 33 
       2.2.13    Recombinant DNA techniques…………………………………………….. 33 
       2.2.14    Cell culture conditions and transfection experiments…………………….... 34 
       2.2.15    Immunofluorescence………………………………………………………. 35 



2  

3.  RESULTS…………………………………………………….. 36 
  

3.1   Clinical and molecular studies in patients with disease-associated 
            X;autosome translocations: the search for candidate MRX genes………….. 

 
36 

       3.1.1      Patient 1 with translocation t(X;7)(q22;p22)………………………………. 36 
       3.1.2      Patient 2 with translocation t(X;15)(q13;p11)……………………………... 39 
       3.1.3      Patient 3 with translocation t(X;7)(p11.3;q11.21)…………………………. 42 
  
   3.2   Further investigations into the relationship between ZNF41 and MR………. 46 
       3.2.1      The X-chromosomal ZNF41 gene is disrupted near the 5’ end……………. 46 
       3.2.2      Full-length ZNF41 transcripts are absent in the patient cell line…………... 47 
       3.2.3      ZNF41 is expressed in multiple tissues including brain…………………… 48 

3.2.4 Identification and studies on two novel, potentially disease-causing 
              ZNF41sequence alterations in a panel of patients with XLMR …………… 

 
49 

       3.2.5      Studies on family P13 with proline to leucine mutation…………………... 50 
3.2.6   Studies on documented ZNF41 transcripts in family P42 with splice-site 
              mutation……………………………………………………………………. 

 
52 

       3.2.7      Identification of a novel ZNF41 splice variant also affected in family P42.. 54 
3.2.8      Expression analysis of ZNF41 variants affected by the splice site mutation 

                     in family P42………………………………………………………………. 
 
55 

  
   3.3   Clinical and molecular studies in patients with disease-associated  
           autosome translocations: the search for autosomal candidate MR genes…… 

 
57 

       3.3.1      Patient 4 with translocation t(2;14)(p22;q13)……………………………… 57 
       3.3.2      Patient 5 with translocation t(Y;4)(q11.2;q21)…………………………….. 61 
  
   3.4   Further studies on Patient 5 and the role of JNK3 in MR……………………. 65 
       3.4.1      The breakpoint disrupts JNK3α isoforms after amino acid 267…………… 65 

3.4.2 Truncated JNK3 lacks kinase domains X and XI and is expressed in the  
              patient lymphoblastoid cell line…………………………………………….

 
66 

3.4.3   Ectopic expression of truncated JNK3 differs from that of the wild type…. 68 
  
4.  DISCUSSION………………………………………………… 70 
  
   4.1   Selection of X-chromosomal candidate genes for further studies……………. 70 
       4.1.1      Patient 1 with translocation t(X;7)(q22;p22)………………………………. 70 
       4.1.2      Patient 2 with translocation t(X;15)(q13;p11)……………………………... 71 
       4.1.3      Patient 3 with translocation t(X;7)(p11.3;q11.21)…………………………. 72 
  
   4.2   Understanding the role of ZNF41 in cognition………………………………... 73 
       4.2.1      ZNF41 alterations are associated with cognitive dysfunction……………... 73 
       4.2.2      Zinc finger genes, transcriptional repression and MR……………………... 74 
       4.2.3      KRAB/ZFPs and evolution: ZNF41 is a candidate gene for higher 
                     cognitive functions………………………………………………………… 

 
75 

  
   4.3   Selection of autosomal candidate genes for further studies…………………... 77 
       4.3.1      Patient 4 with translocation t(2;14)(p22;q13)……………………………… 77 



3  

       4.3.2      Patient 5 with translocation t(Y;4)(q11.2;q21)…………………………….. 78 
  
   4.4   Understanding the role of a truncated JNK3 in MR………………..………… 80 
       4.4.1      A truncated JNK3 likely interferes with normal JNK3 function in  
                     neurons……………………………………………………………………... 

 
80 

4.4.2   Links between Rho-GTPase signalling, neurite outgrowth, and JNKs……. 80 
4.4.3   JNKs within the context of Rho-GTPase-mediated signalling and MR…… 82 

       4.4.4      Proposed model for a mutant JNK3 in the aetiology of MR………………. 87 
  
5.   SUMMARY………………………………………………….. 89 

 

6.   ZUSAMMENFASSUNG……………………………………. 91 
 

7.   OUTLOOK…..……………………………………………… 93 
 

REFERENCES………………………………….………….…… 95 
 

ABBREVIATIONS……………………………………………… 105
 

LIST OF FIGURES……………………………………………... 108

LIST OF TABLES………………………………………….…… 109

ACKNOWLEDGEMENTS…………………………………….. 110

CURRICULUM VITAE………………………………………... 111
 

PUBLICATIONS………………………………………………... 113
 

 


	TABLE OF CONTENTS


<<
  /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 1200
  /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 <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




