
 

 

 

 

 

 

 

 

REGULATION AND FUNCTION OF microRNA DURING NEURAL 

DEVELOPMENT AND STEM CELL SPECIFICATION 
 

 

 

 

 

DISSERTATION  
 

zur Erlangung des akademischen Grades des  
Doktors der Naturwissenschaften (Dr. rer. nat.)  

 
eingereicht im Fachbereich Biologie, Chemie, Pharmazie  

der Freien Universität Berlin  
 
 
 
 
 
 
 

vorgelegt von 
 

LENA SMIRNOVA 
 

aus Minsk (Weißrussland) 
 
 
 
 
 
 
 

Berlin 
Juli 2007 



 

 

    2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Gutachter: Prof. Dr. Robert Nitsch 
 
2. Gutachter: Prof. Dr. Fritz G. Rathjen 
 
Disputation am 07.11.2007 



 

 

    3ACKNOWLEDGEMENTS

ACKNOWLEDGEMENTS 
 

First of all, I want to warmly thank my supervisor Dr. F. Gregory Wulczyn for his leadership, 

his valuable help not only in scientific problems, but also in daily questions, discussion of my 

results providing criticism, advice and encouragement in just the right proportions, and for giving 

me individual liberty. Moreover, I would like to acknowledge the skillful technical assistance of 

Anja Gräfe and Brita Scholte from the working group of Dr. F. Gregory Wulczyn. 

I am also deeply grateful to Prof. Dr. Robert Nitsch for accepting me in the Centrum for 

Anatomy at the Charite, for his generous support during my stay, and for critical review of my 

work. 

I would like to express my particular thanks to Prof. Dr. Fritz G. Rathjen from the Max-

Delbrück-Centrum für Molekulare Medizin for assuming the mentorship of this thesis. 

I appreciate deeply Prof Dr. Uwe Heinemann and Prof. Dr. Helmut Kettenmann for accepting 

me to the Graduate School GRK 238 “Damage cascades in neurological disorders – Studies with 

imaging techniques”. 

I gratefully acknowledge the assistance of Dr. Christine Brandt in establishing the flow 

cytometry and Real-Time PCR experiments and for her cooperation. 

I also wish to express my thanks to Dr. Andrea Seiler, Roland Büsen, Brigitta Slawik and 

Anke Visan from National Center for Documentation and Evaluation of Alternative Methods to 

Animal Experiments (ZEBET), Federal Institute for Risk Assessment (BfR) for assistance with 

stem cell culture and stem cell differentiation procedures. 

My special thanks to Dr. Stefan Schumacher and Nicola Brandt for providing primary cell 

material and helping with the establishment of primary neuron transfection experiments.  

Dr. Frank Slack kindly provided pEYC1 used to amplify the C. elegans lin-41 sequence, Dr. 

Victor Ambros the plasmid pVT333G(lin-14[1-3+4-13]_GFP) used to amplify the lin-14 sequence. 

The FMRP expression plasmid was a gift from Dr. Yue Feng; MOV10, TNRC6B, Ago1 and Ago2 

were kindly made available by Dr. Günter Meister and Dr. Thomas Tuschl.  

I thank Rolf Kaiser at the Max Plank Institute for Infection Biology Facility for help with cell 

sorting. 

Agnieszka Rybak and Heiko Fuchs have been good colleagues to discuss practical difficulties 

in the pursuit of solving scientific problems. 

Furthermore, I would like to thank all members of the laboratories of Prof. Dr. Robert Nitsch 

for support and cooperation, in particular Thorsten Trimbuch, Greta Gölz, Miriam Petzold, Peggy 

Thiele, Bettina Brokowski and Rike Dannenberg for keeping the working atmosphere healthy. It 

was a great pleasure to work with this group of people. 



 

 

    4ACKNOWLEDGEMENTS

I am also very thankful to all my friends, especially Kasia Chernik,. Lisa Dalla Puppa, Sveta 

and Alexey Storonkin, Wik Sidarovich, Andrei Tamilin, Melanie Roland and. Ksusha Kashkevich 

for their important support outside the lab. 

My full-hearted gratitude belongs to Dr. Anna Lapko for her sustained support of this 

endeavour from the outset. 

Last not least, I am especially indebted to my husband, my son and my parents for their 

patience, encouragement and love.  



 

 

5CONTENTS 

CONTENTS 
ABBREVIATIONS ............................................................................................................................9 

SUMMARY.......................................................................................................................................11 

ZUSAMMENFASSUNG .................................................................................................................13 

A. INTRODUCTION.......................................................................................................................15 

A.1. What are microRNAs?........................................................................................................15 

A.1.1. General information .......................................................................................................15 

A.1.2. The discovery of miRNAs .............................................................................................15 

A.1.3. miRNA genes.................................................................................................................16 

A.1.4. miRNA expression.........................................................................................................18 

A.2. Biogenesis of miRNAs .........................................................................................................19 

A.2.1. miRNA transcription......................................................................................................20 

A.2.2. miRNA maturation.........................................................................................................21 

A.2.3. miRNA incorporation into the miRISC .........................................................................23 

A.3. Mechanism of miRNA function..........................................................................................25 

A.3.1. Translational repression or mRNA cleavage by miRNA ..............................................25 

A.3.2. Prediction and validation of miRNA targets..................................................................26 

A.3.3. Principles of miRNA target recognition ........................................................................26 

A.3.4. miRNAs and siRNAs: What’s the difference? ..............................................................27 

A.4. Functional characterization of miRNAs............................................................................28 

A.5. The role of miRNA in nervous system and neuronal development ................................29 

A.6. Aim of the thesis...................................................................................................................31 

B. MATERIALS AND METHODS................................................................................................32 

B.1. Materials ...............................................................................................................................32 

B.1.1. Chemicals.......................................................................................................................32 

B.1.2. Enzymes, Kits and Transfection Reagents.....................................................................32 

B.1.3. Equipment ......................................................................................................................33 

B.1.4. Software .........................................................................................................................33 

B.1.5. Oligonucleotides ............................................................................................................34 

B.1.5.1. PCR Primers ...........................................................................................................34 

B.1.5.2. Mutagenesis Primers ..............................................................................................35 

B.1.5.3. miRNA Northern blot oligonucleotides .................................................................36 

B.1.5.4. Ant-miRNA oligonucleotides.................................................................................36 

B.1.6. Vectors ...........................................................................................................................36 

B.1.7. Bacterial strains..............................................................................................................36 



 

 

6CONTENTS 

B.1.8. Primary cells, cell lines and mouse strains.....................................................................37 

B.1.9. Media..............................................................................................................................37 

B.1.10. Antibodies ....................................................................................................................38 

B.1.11. Buffers and Solutions...................................................................................................39 

B.2. Methods.................................................................................................................................40 

B.2.1. Cell culture methods ......................................................................................................40 

B.2.1.1. Maintenance and neural induction of P19 EC cells ...............................................40 

B.2.1.2. Maintenance and differentiation induction of ES cell line.....................................41 

B.2.1.3. HEK293 cell culture ...............................................................................................42 

B.2.1.4. Primary cell culture ................................................................................................42 

B.2.2. Transfection of the cells .................................................................................................43 

B.2.2.1. Cell transfection with plasmid DNA ......................................................................43 

B.2.3. Flow cytometry ..............................................................................................................44 

B.2.4. Immunocytochemistry....................................................................................................45 

B.2.5. Molecular biology methods............................................................................................46 

B.2.5.1. Total RNA isolation ...............................................................................................46 

B.2.5.2. Northern blotting ....................................................................................................46 

B.2.5.2.1. miRNA Northern blots ...................................................................................46 

B.2.5.2.2. mRNA Northern blot ......................................................................................47 

B.2.5.3. cDNA synthesis from total RNA............................................................................48 

B.2.5.4. Polymerase Chain Reaction (PCR) ........................................................................48 

B.2.5.4.1. Semi-quantitative PCR ...................................................................................48 

B.2.5.4.2. Real-Time PCR...............................................................................................49 

B.2.5.5. DNA cloning methods............................................................................................50 

B.2.5.6. Plasmid constructs cloned for this work.................................................................51 

B.2.5.7. Site-directed mutagenesis.......................................................................................53 

B.2.5.8. In vitro pre-miRNA transcription...........................................................................53 

B.2.5.9. mRNA degradation assay.......................................................................................54 

B.2.6. Biochemical methods .....................................................................................................54 

B.2.6.1. Protein electrophoresis and Western blots .............................................................54 

B.2.6.2. In vitro miRNA processing assay...........................................................................55 

B.2.6.3. Chromatin Immunoprecipitation assay (ChIP assay) .............................................55 

C. RESULTS.....................................................................................................................................57 

C.1. miRNAs used in this work ..................................................................................................57 

C.2. miRNA expression during neural development................................................................58 



 

 

7CONTENTS 

C.2.1. Temporal expression of neural miRNAs during mouse brain development..................58 

C.2.2. Lineage specificity of miRNA expression in primary neurons and astrocytes..............61 

C.2.3. Temporal expression of neural miRNAs during ES cell and EC cell differentiation ....64 

C.2.4. Screening of the additional cell lines for miRNA expression........................................69 

C.3. miRNA processing ...............................................................................................................71 

C.3.1. Developmental regulation of miRNA processing activity .............................................71 

C.3.2. Expression analysis of miRISC components .................................................................75 

C.3.3. Cellular localization of miRISC components ................................................................76 

C.3.3.1. Localization of miRISC components in HEK293 cells..........................................76 

C.3.3.2. Localization of miRISC components in EC and ES cells ......................................79 

C.3.3.3. Localization of miRISC components in primary hippocampal neurons ................81 

C.4. Functional analysis of miRNAs ..........................................................................................83 

C.4.1. Establishment of experimental system...........................................................................83 

C.4.2. Neuron-specific suppression of let-7 and mir-125 sensor plasmids ..............................84 

C.4.2.1. Visualization of let-7, mir-125 and mir-128 in cortical neurons............................85 

C.4.2.2. Visualization of let-7, mir-125 and mir-128 in primary astrocytes........................87 

C.4.2.3. Downregulation of let-7 and mir-125 sensors in EC cells after induction of neural 

differentiation.......................................................................................................................90 

C.4.2.4. Downregulation of eGFP mRNA expression after neural differentiation of EC 

cells containing either let-7 or mir-125 sensor plasmid .......................................................95 

C.4.2.5. Analysis of sensor mRNA stability in EC cells .....................................................96 

C.4.3. A mouse lin-41 ortholog contains let-7 binding sites in the 3’UTR..............................98 

C.4.3.1. Downregulation of mlin-41 sensor.......................................................................100 

C.4.3.2. mlin-41 expression ...............................................................................................101 

C.4.4. A genetic strategy for the investigation of miRNA functions......................................103 

C.4.4.1. Description of squelching strategy .......................................................................103 

C.4.4.2. Competitive interference with let-7 promotes differentiation of EC cell-derived 

astrocytes............................................................................................................................103 

C.4.4.3. Competitive interference with mir-125 promotes differentiation of EC cell-derived 

astrocytes............................................................................................................................107 

D. DISCUSSION.............................................................................................................................109 

D.1. Post-transcriptional regulation of miRNA expression during neural development....109 

D.1.1. Temporal miRNA expression during neural development. Lineage specificity..........109 

D.1.2. Regulation of miRNA processing activity during neural differentiation.....................112 

D.2. Functional analysis of miRNAs ........................................................................................115 



 

 

8CONTENTS 

D.2.1. miRNA functional activity. Validation of new target genes........................................115 

D.2.2. Competitive interference strategy for study miRNA functions ...................................116 

D.2.3. Influence of miRNA on the target mRNA stability .....................................................118 

E. REFERENCE LIST ..................................................................................................................120 

F. APPENDIX.................................................................................................................................131 

F.1. Statement ............................................................................................................................131 

F.2. Publications.........................................................................................................................131 

F.3. Poster presentations ...........................................................................................................131 

F.4. Curriculum Vitae ...............................................................................................................132 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




