
Table of Content 

DEDICATION  

ABSTRACT iii 

ZUSAMMENFASSUNG V 

ACKNOWLEDGMENTS viii 

LISTING  CONTRIBUTORS X 

LISTING OF FIGURES XV 

LISTING OF TABLES xix 

1 INTRODUCTION 1 

1.1 The RNA Recognition Motif Domain and the mechanisms of RNA 

binding 2 

1.2 RRM domains capable of binding both, RNA and protein 6 

1.3 Structural Methods 7 

2 STRUCTURAL CHARACTERIZATION OF H N R N P L IN THE FREE STATE AND BOUND 

TO RNA CONTAINING  11 

2.1 Introduction 11 

2.1.1 The heterogeneous nuclear ribonucleoprotein family 12 

2.1.2 Constitutive and alternative  splicing 14 

 HnRNP L, highly versatile and involved in many aspects of RNA 

metabolism 16 

2.1.4 Conservation and modified amino acids of hnRNP L 20 

2.1.5 Aim and outline of this project 22 

2.2 Results for hnRNPL in the free state 24 

2.2.1 Solution structure and NMR relaxation studies of hnRNP L in 

the free state 24 

Blatter, Markus
Exploring the code for specific binding by the RNA ...
2013

digitalisiert durch
IDS Basel/Bern, im Auftrag der
Schweizerischen Nationalbibliothek



2.2.2 Crystal structure and domain interface of hnRNP L RRM34 . . . 29 

2.2.3 Fifth betastrand, a conserved motif among hnRNP L paralogs . . 31 

2.3 Results for hnRNP L in complex with RNA 35 

2.3.1 Solution structures of hnRNP L bound to RNA CA-repeats . . . 35 

2.3.2 The role of conserved extensions of the canonical RRM fold . . . 41 

2.3.3 Specific RNA recognition by hnRNP L 42 

2.3.4 The role of individual RRM domains of hnRNP L in translation 

regulation and alternative splicing 47 

2.4 Discussion 52 

2.4.1 hnRNP L folds in a highly similar manner to PTB but binds to 

different RNA repeats 52 

2.4.2 The different aspects of specific recognition of CA-repeat RNA 

by  53 

2.4.3 Two amino acid modifications in the RNA binding interface . . . 56 

2.4.4 The functional roles of the individual RRM domains of hnRNP L 

in vivo 56 

2.4.5 Conclusion and Outlook 58 

2.5 Material and Methods 59 

2.5.1 Cloning and mutagenesis 59 

2.5.2 Protein expression and purification 59 

2.5.3 Preparation of RNA, and complexes 59 

2.5.4 NMR spectroscopy 59 

2.5.5 Structure calculation 60 

2.5.6 X-ray crystallography 61 

2.5.7 In vivo assays 61 

STRUCTURAL CHARACTERIZATION OF CYP33-RRM IN THE FREE STATE AND IN 

COMPLEX WITH RNA OR MLL-PHD3 63 

3.1 Introduction 63 

3.1.1 The Cyclophilin Family 64 

3.1.2 Cyp33 and its interaction with MLL and RNA 65 

3.1.3 MLL and its involvement in leukemia pathogenesis 68 

3.1.4 Recognition and modification of MLL for epigenetic marks on 

Histone H3 69 

3.1.5 Suggested mechanisms of the Histone H3  MLL  Cyp  

RNA interaction Network 72 

3.1.6 Aim and outline of this project 74 

3.2 Results 76 

3.2.1 Solution structure of the Cyp33-RRM domain 76 



3.2.2 Cyp33-RRM bound to RNA 80 

3.2.3 Solution structure of Cyp33-RRM in complex with MLL-PHD3 . 86 

3.2.4 The ternary complex of Cyp33-RRM, MLL-PHD3 and the 

 histone 3 tail H3K4me3 95 

3.3 Discussion 99 

3.3.1 The  extension of the RRM domain of Cyp33 adopts 

a  fold 99 

3.3.2 Backbone heteronuclear nOe plots reveal differences in flexibility 

of third «-helix in Cyp33-RRM 100 

3.3.3 Cyp33-RRM interacting with RNA 101 

3.3.4 Allosteric regulation of MLL-PHD3 by  102 

3.3.5 Our results in context of the proposed models 103 

3.3.6 Thermodynamic energies and model of H3K4me3 binding . . . . 104 

3.3.7 Unique RRM interface capable of specifically binding both RNA 

and protein 106 

3.3.8 RNA  Cyp33-RRM  MLL-PHD3  H3K4me interactions in 

comparison with other related structures 108 

3.3.9 Conclusion and outlook 112 

3.4 Material and Methods 114 

3.4.1 Cloning and mutagenesis 114 

3.4.2 Protein expression and purification 114 

3.4.3 Preparation of RNA, peptide and complexes 115 

3.4.4 NMR spectroscopy 116 

3.4.5 Structure calculation 116 

CONCLUDING REMARKS 119 

4.1 Different aspects and new features learned from the free and bound 

structures of hnRNP L and Cyp33-RRM 120 

4.2 Specific recognition by the RRM domain 121 

4.2.1 Sub-structural elements 121 

4.2.2 Posttranslational protein modifications 122 

4.2.3 Enthalpy and Entropy 122 

4.2.4 Structural rearrangements 124 

4.2.5 Interaction directionality 124 

4.2.6 Preferences for specific types of stacking interactions 124 

4.3 Outlook 125 

APPENDIX 127 

5.1 Chemical shift assignments 127 

5.1.1 hnRNPL in free state 127 



5.1.2 hnRNPL bound to RNA 138 

5.1.3  in free and bound to RNA 149 

5.1.4  : MLL-PHD3 155 

5.2 Distance restraints of RNA and ligand interfaces 159 

5.2.1 hnRNPL in complex  RNA 159 

5.2.2  in complex with RNA 171 

5.2.3  in complex with MLL-PHD3 174 

LISTING OF ABBREVIATIONS 177 

REFERENCES 179 

CURRICULUM  193 


	vtls001730446 [TOC]
	Inhalt
	Seite 1
	Seite 2
	Seite 3
	Seite 4



