11

1.2
1.21
1.2.11
1.2.1.2
1.2.13

122
1.2.2.1

1.2.2.2
1.3
131
1.3.2
133
134
1.4
141
15
1.5.1
1.5.11
1.5.1.2
1.5.1.3
1.5.2
1.5.2.1

Contents

Preface XXXV
List of Contributors XXXVII

Part | RNA Synthesis and Detection 1

Enzymatic RNA Synthesis Using Bacteriophage T7 RNA Polymerase 3
Markus GéRringer, Dominik Helmecke, Karen Kohler, Astrid Schén,
Leif A. Kirsebom, Albrecht Bindereif, and Roland K. Hartmann
Introduction 3

Description of Method — T7 Transcription In vitro 4

Templates 4

Strategy (i): Insertion into a Plasmid 4

Strategy (ii): Direct Use of Templates Generated by PCR 5
Strategy (iii): Annealing of a T7 Promoter DNA Oligonucleotide
to a Single-Stranded Template 5

Special Demands on the RNA Product 5

Homogeneous 5’ and 3’ Ends, Small RNAs, Functional Groups
atthe5'End 5

Modified Substrates 6

Transcription Protocols 8

Transcription with Unmodified Nucleotides 9

Transcription with 2’-Fluoro-Modified Nucleotides 16

T7 Transcripts with 5'-Cap Structures 17

Purification 18

Troubleshooting 20

Low or No Product Yield 20

Rapid Preparation of T7 RNA Polymerase 21

Required Material 21

Medium 21

Buffers and Solutions 21

Electrophoresis and Chromatography 22

Procedure 22

Cell Growth, Induction, and Test for Expression of T7 RNAP 22

Bibliografische Informationen

|
E HE
digitalisiert durch f\l L
http://d-nb.info/1067782060 ‘BI THE


http://d-nb.info/1067782060

Vi

Contents

1.5.2.2
153

21

22
221
2211
2212
2213

2.2.2

223
2.3

231
2.4
25

31

311
3.1.2
3.13
3.14
3.2

3.21

3.22
3.23
3.24
3.25
3.26
3.27
33

331
3.3.2
3.33

Purification of T7 RNAP 23
Notes and Troubleshooting 24
References 25

Production of RNAs with Homogeneous 5'- and 3'-Ends 29
Mario Morl and Roland K. Hartmann

Introduction 29

Description of Approach 30

Cis-Cleaving Autocatalytic Ribozyme Cassettes 30

The 5'-Cassette 30

The 3'-Cassette 30

Purification of Released RNA Product and Conversion of End
Groups 31

Trans-Cleaving Ribozymes for the Generation of Homogeneous
3 Ends 33

Further Strategies toward Homogeneous Ends 35

Critical Experimental Steps, Changeable Parameters,
Troubleshooting 36

Construction of Cis-Cleaving 5'- and 3'-Cassettes 36

PCR Protocols 37

Potential Problems 42

References 42

RNA Ligation 45

Janne J. Turunen, Liudmila V. Pavlova, Martin Hengesbach, Mark Helm,
Sabine Miiller, Roland K. Hartmann, and Mikko ]. Frilander
General Introduction 45

T4 Polynucleotide Ligases 46

Reaction Mechanism 46

Advantages of T4 DNA Ligase for RNA Ligation 49

Chapter Structure 49

RNA Ligation Using T4 DNA Ligase (T4 Dnl) 50

Overview of the RNA Ligation Method Using the T4 DNA Ligase
(T4 Dnl) 51

Large-Scale Transcription and Purification of RNAs 53
Generating Homogeneous Acceptor 3’-Ends for Ligation 53
Site-Directed Cleavage with RNase H 54

Dephosphorylation and Phosphorylation of RNAs 56

RNA Ligation 57

Troubleshooting 58

Simultaneous Splint Ligation of Five RNA Fragments to Generate
RNAs for FRET Experiments 66

Introduction 66

Construct Design 68

Troubleshooting 70



3.3.3.1
3332
3333
34
34.1
342
3421
34.22
343
3431
343.2
3433
344
3.45
34351
3.4.6

4.1
411
4111
41.1.2
41.13
412
413
41.4
4141
415
4.1.6
41.7
418
4.2

5.1
5.2
5.21
5.2.2
5.23

Contents

Low Overall Ligation Efficiency 70

Undesired Ligation By-products 70

RNA Degradation 70

T4 RNA Ligase(s) 70

Introduction 70

Mechanism and Substrate Specificity 71

Early Studies 71

Substrate Specificity and Reaction Conditions 72
Applications of T4 RNA Ligase 73
End-Labeling 73

Circularization 75

Intermolecular Ligation of Polynucleotides 75
T4 RNA Ligation of Large RNA Molecules 76
Application Examples and Protocols 79
Production of Full-Length tRNAs 79
Troubleshooting 84

References 84

Northern Blot Detection of Small RNAs 89
Benedikt M. Beckmann, Arnold Griinweller, and Roland K. Hartmann
Introduction 89

Isolation of RNA 89

Kits 90

Do it Yourself 90

Quality Control 90

Native versus Denaturing Gels 90

Transfer of RNA and Fixation to Membranes 91
Hybridization with a Complementary Probe 92
Design of DNA/LNA Mixmer Probes 92
Detection of DIG-Labeled Probes 95
Troubleshooting 95

Application Example 96

Limitations of the Method 96

Northern Hybridization Protocols 98
References 102

Rapid, Non-Denaturing, Large-Scale Purification of In Vitro Transcribed
RNA Using Weak Anion-Exchange Chromatography 105

Laura E. Easton, Yoko Shibata, and Peter |. Lukavsky

Introduction 105

Materials 106

Cloning and Plasmid Purification 106

In Vitro Transcription 106

Weak Anion-Exchange FPLC 107

vil



Vil | Contents

53 Protocols for Plasmid Design and Preparation, RNA Transcription,
and Weak Anion-Exchange Purification 107
5.4 Troubleshooting 115

Acknowledgments 115
References 116

6 3’-Terminal Attachment of Fluorescent Dyes and Biotin 117
Dagmar K. Willkomm and Roland K. Hartmann

6.1 Introduction 117

6.2 Description of Method 118

6.3 History of the Method 118

6.4 Troubleshooting 124

6.4.1 Problems Caused Before the Labeling Reaction 124

6.4.1.1 Quality of the RNA 3’ Ends 124
6.4.1.2 Purity of the RNA to Be Labeled 124
6.4.2 Problems with the Labeling Reaction Itself 124
6.4.2.1 pH of Reagents 124
6.4.2.2 Stability of Reagents 124
6.4.3 Postlabeling Problems 125
6.4.3.1 Removal of Labeling Reagents 125
6.4.3.2 Loss of RNA Material during Downstream Purification 125
6.43.3 Stability of Labeled RNA 125
Acknowledgment 125
References 125

7 Chemical RNA Synthesis, Purification, and Analysis 129
Brian S. Sproat

7.1 Introduction 129

7.2 Description 132

7.21 The Solid-Phase Synthesis of RNA 132

7.22 Deprotection 136

7.2.3 Purification 138

7.231 Anion-Exchange HPLC Purification 139
7.23.2 Reversed-Phase HPLC Purification of Trityl-On RNA 140
7.233  Detritylation of Trityl-On RNA 142
7.23.4 Desalting by HPLC 142
7.24 Analysis of the Purified RNA 143
73 Troubleshooting 144
References 147

8 Modified RNAs as Tools in RNA Biochemistry 151
Thomas E. Edwards and Snorri Th. Sigurdsson

8.1 Introduction 151

8.1.1 Modification Strategy: the Phosphoramidite Method 152

8.1.2 Modification Strategy: Postsynthetic Labeling 154



8.2

8.21
8.2.2
823
8.24
83

831

8.3.2
833
834
835

9.1
9.2
9.3
9.3.1
9.3.2

9.3.21

9.3.2.2
9.3.23

933

9.3.3.1
9.4
9.4.1
9.4.2
9.4.2.1
9.5
9.5.1

95.1.1
95.1.2
9.5.2

9.5.2.1

Contents

Description of Methods 156

Postsynthetic Modification: the 2’-Amino Approach 156
Reaction of 2-Amino Groups with Succinimidyl Esters 158
Reaction of 2-Amino Groups with Aromatic Isothiocyanates 158
Reaction of 2’-Amino Groups with Aliphatic Isocyanates 159
Experimental Protocols 159

Synthesis of Aromatic Isothiocyanates and Aliphatic
Isocyanates 160

Postsynthetic Labeling of 2’-Amino-Modified RNA 161
Postsynthetic Labeling of 4-Thiouridine-Modified RNA 164
Verification of Label Incorporation 164

Potential Problems and Troubleshooting 165

References 166

Part II Structure Determination 173

Direct Determination of RNA Sequence and Modification by
Radiolabeling Methods 175

Olaf Gimple and Astrid Schin

Introduction 175

General Methods 175

Isolation of Pure RNA Species from Biological Material 176
Preparation of Size-Fractionated RNA 176

Isolation of a Single Unknown RNA Species Following a Functional
Assay 176

Solutions for Electrophoresis, Staining, and Elution of RNAs from
Gels 176

Two-Dimensional Electrophoresis of RNA 177

Comments on the Electrophoretic Purification and Elution of RNA
Species 178

Isolation of Single RNA Species with Partially Known

Sequence 178

Materials for Hybrid Selection of Single RNA Species 178
Radioactive Labeling of RNA Termini 180

Materials for 5-End Labeling of RNAs 180

3'-Labeling of RNAs 181

Materials for 3'-End Labeling of RNAs 182

Sequencing of End-Labeled RNA 183

Sequencing by Base-Specific Enzymatic Hydrolysis of End-Labeled
RNA 184

Materials Required for Enzymatic Sequencing 185

Interpretation and Troubleshooting 186

Sequencing by Base-Specific Chemical Modification and

Cleavage 187

Materials Required for Chemical Sequencing 188



X | Contents

9.5.2.2
9.6

9.6.1
9.7

9.7.1
9.7.11
9.7.1.2
9.7.2

9.7.2.1
9.8

10

10.1
10.2
10.2.1
10.2.2
10.2.3
10.3
10.3.1
10.3.2
10.4
10.4.1
10.4.1.1
10.4.1.2
10.4.1.3
10.4.1.4
10.5

n

11.1
11.1.1
11.1.2
11.2

Interpretation and Troubleshooting 189
Determination of Terminal RNA Sequences by Two-dimensional
Mobility Shift 190

Materials Required for Mobility Shift Analysis 190
Determination of Modified Nucleotides by Postlabeling
Methods 194

Analysis of Total Nucleotide Content 195

Materials Required for RNA Nucleotide Analysis 195
Interpretation and Troubleshooting 197
Determination of Position and Identity of Modified
Nucleotides 198

Interpretation and Troubleshooting 199

Conclusions and Outlook 201

Acknowledgments 202

References 202

Probing RNA Structure In Vitro with Enzymes and Chemicals 205
Anne-Catherine Helfer, Cédric Romilly, Clément Chevalier,
Efthimia Lioliou, Stefano Marzi, and Pascale Romby
Introduction 205

Enzymatic and Chemical Probes 207

Enzymes 207

Base-Specific Chemical Probes 210
Backbone-Specific Chemical Probes 211

In Vivo DMS Modification 222

Generalities 222

In Vivo Probing 222

Commentary 223

Critical Parameters 223

RNA Preparation 223

Homogeneous RNA Conformation 224

Chemical and Enzymatic Probing 224

In Vivo DMS Mapping 225

Troubleshooting 225

Acknowledgments 227

References 227

Probing RNA Solution Structure by Photocrosslinking: Incorporation
of Photoreactive Groups at RNA Termini and Determination of
Crosslinked Sites by Primer Extension 231

Michael E. Harris

Introduction 231

Applications of RNA Modifications 231

Techniques for the Incorporation of Modified Nucleotides 232
Description 233



11.21
11.2.2

11.2.3

11.2.4
11.3
114

11.4.1
114.2
11421

11.4.2.2

11.4.2.3
11.4.2.4
11.4.3

12

12.1
12.2
12.3
12.4

13

13.1
13.2

13.2.1
13.2.2
13.2.3

13.24
133

13.3.1
13.3.2
1333

Contents

5'-End Modification by Transcription Priming 233

Chemical Phosphorylation of Nucleosides to Generate
5’-Monophosphate or 5-Monophosphorothioate Derivatives 234
Attachment of an Aryl Azide Photocrosslinking Agent to a 5'-Terminal
Phosphorothioate 236

3'-Addition of an Aryl Azide Photocrosslinking Agent 238
Troubleshooting 240

Probing RNA Structure by Photoaffinity Crosslinking with
4-Thiouridine and 6-Thioguanosine 240

Introduction 240

Description 243

General Considerations: Reaction Conditions and Concentrations
of Interacting Species 243

Application Example — RNase P RNA and s°G-Modified Precursor
tRNA 244

Generation and Isolation of Crosslinked RNAs 246

Primer Extension Mapping of crosslinked Nucleotides 247
Troubleshooting 249

References 250

Terbium{(l1l) Footprinting as a Probe of RNA Structure and Metal
Binding Sites 255

Dinari A. Harris, Gabrielle C. Todd, and Nils G. Walter
Introduction 255

Application Example 261

Troubleshooting 265

Frontiers in Footprinting Data Analysis 265

References 266

Pb2*-Induced Cleavage of RNA 269

Leif A. Kirsebom and Jerzy Ciesiolka

Introduction 269

Pb?**-Induced Cleavage to Probe Metal Ion Binding Sites, RNA
Structure, and RNA-Ligand Interactions 271
Probing High-Affinity Metal lon Binding Sites 271
Pb?*-Induced Cleavage and RNA Structure 273
Pb?*-Induced Cleavage to Study RNA-Ligand
Interactions 274

Pb?*-Induced Cleavage of RNA In Vivo 275
Troubleshooting 279

No Pb**-Induced Cleavage Detected 279
Complete Degradation of the RNA 280

In Vivo 280

Acknowledgments 280

References 281

Xl



X

Contents

14

14.1
14.1.1

14.2
14.3

14.4
145

15

15.1
15.2
16

16.1
16.2
16.3

16.4
16.5

16.6
16.7
16.8

17

171
17.1.1

17.11.1
17.1.2

Identification and Characterization of Metal lon Coordination
Interactions with RNA by Quantitative Analysis of Thiophilic Metal
lon Rescue of Site-Specific Phosphorothioate Modifications 285
Michael E. Harris

Introduction 285

Thiophilic Metal Ion Rescue of RNA Phosphorothioate
Modifications 286

Purification of Phosphorothioate Stereoisomers by RP-HPLC 290
Techniques for Incorporation of Phosphorothioates into RNA 291
Kinetic Analysis of Thiophilic Metal Ion Rescue 293

Data Analysis by Fitting to Simple Equilibrium Models 295
References 297

Probing RNA Structure and Ligand Binding Sites on RNA by Fenton
Cleavage 301

Corina G. Heidrich and Christian Berens

Introduction 301

Comments and Troubleshooting 312

References 314

Measuring the Stoichiometry of Magnesium lons Bound to RNA 319
Andrew J. Andrews and Carol A. Fierke

Introduction 319

Separation of Free Mg?* from RNA-bound Mg?* 320

Forced Dialysis Is the Preferred Method for Separating Bound

and Free Mg?* 321

Alternative Methods for Separating Free and Bound Mg?* Ions 323
Determining the Concentration of Free Mg?* in the

Flow-Through 324

How to Determine the Concentration of Mg?* Bound to the RNA
and the Number of Binding Sites on the RNA 324

Conclusion 327

Troubleshooting 327

References 327

Nucleotide Analog Interference Mapping and Suppression
(NAIM/NAIS): a Combinatorial Approach to Study RNA Structure,
Folding, and Interaction with Proteins 329

Olga Fedorova, Marc Boudvillain, and Christina Waldsich
Introduction 329

NAIM: a Combinatorial Approach for RNA Structure—Function
Analysis 329

Description of the Method 330

NAIS: a Chemogenetic Tool for Identifying RNA Tertiary Contacts
and Interaction Interfaces 332



17.1.21
17.1.2.2

17.2
17.2.1
17.2.2

17.2.2.1
17.2.3
17.2.4

17.2.4.1

17.2.4.2

17.2.4.3

17.2.4.4

17.2.5
17.25.1
17.25.2
17.2.6
17.2.6.1
17.3
17.3.1
17.3.11
17.3.1.2

17.3.2
17.3.3
17.3.4

18

18.1
18.1.1

18.1.2

18.1.2.1
18.1.2.2
18.1.2.3

Contents

General Concepts 332

Applications: Elucidating Tertiary Contacts in Group I and Group II
Ribozymes 332

Experimental Protocols for NAIM 333

Nucleoside Analog Thiotriphosphates 333

Preparation of Transcripts Containing Phosphorothioate
Analogs 335

Tips and Troubleshooting 336

Radioactive Labeling of the RNA Pool 337

The Selection Step of NAIM: Three Applications to Studies of RNA
Function 339

Group II Intron Ribozyme Activity: Selection through
Transesterification 339

Group II Ribozyme Folding: Selection through Mg?*-Induced
Compaction of RNA 344

RNA-Protein Interactions: a One-Pot Reaction for Studying
Rho-Independent Transcription Termination 347
RNA-Protein Interactions: Elucidation of the Rho Helicase Activation
Mechanism via Unwinding Activity 351

Iodine Cleavage of RNA Pools 354

Experimental Procedure 355

Tips and Troubleshooting 355

Analysis and Interpretation of NAIM Results 355
Quantification of Interference Effects 355

Experimental Protocols for NAIS 358

Design and Construction of RNA Mutants 358

General Considerations 358

Preparation of RNA Molecules Containing Single-Atom
Substitutions 359

Functional Analysis of Mutants for NAIS Experiments 362
The Selection Step for NAIS 362

Data Analysis and Presentation 363

Acknowledgments 364

References 364

Nucleotide Analog Interference Mapping (NAIM): Application to the
RNase P System 369

Simona Cuzic-Feltens and Roland K. Harimann

Introduction 369

Nucleotide Analog Interference Mapping (NAIM) — the

Approach 369

Critical Aspects of the Method 371

Analog Incorporation 371

Functional Assays 372

Factors Influencing the Outcome of NAIM Studies 372

X



XIv

Contents

18.1.3
18.2
18.2.1

18.2.2
18.2.3
18.3

18.3.1
18.3.2
18.3.3
18.3.4
18.3.5
18.3.6
18.3.7

19

19.1
19.2
19.2.1
19.2.2
19.2.3

19.3

20

20.1
20.2
20.2.1
20.2.2
20.2.3
20.2.4

20.2.5

20.2.6

Interpretation of Results 373

NAIM Analysis of cis-Cleaving RNase P RNA-tRNA Conjugates 375
Biochemical and kinetic characterization of a cis-Cleaving E. coli
RNase P RNA-tRNA Conjugate 375

Application Example 378

Data Evaluation 386

Troubleshooting 387

RNA Transcription Reaction Did Not Work 387

RNA Degradation 389

Inefficient RNA Elution from Denaturing PAA Gels 389

RNA Is Degraded after Elution 389

Inefficient 3’- or 5'-End-Labeling 389

Iodine-Induced Hydrolysis Failed or Was Inefficient 391
Unsatisfactory Gel Performance after lodine Cleavage (Band
Smearing, Curved Bands, Irregular Shape of Bands, Unequal Band
Migration in Different Lanes, and Insufficient Band Separation) 392
References 393

Identification of Divalent Metal lon Binding Sites in
RNA/DNA-Metabolizing Enzymes by Fe(ll)-Mediated Hydroxy! Radical
Cleavage 397

Yan-Guo Ren, Niklas Henriksson, and Anders Virtanen
Introduction 397

Probing Divalent Metal Ion Binding Sites 398
Fe(lI)-Mediated Hydroxyl Radical Cleavage 398

How to Map Divalent Metal Ion Binding Sites 399

How to Use Aminoglycosides as Functional and Structural
Probes 401

Notes and Troubleshooting 403

References 404

RNA Structure and Folding Analyzed Using Small-Angle X-Ray
Scattering 407

Nathan J. Baird, Jeremey West, and Tobin R. Sosnick

Introduction 407

Description of Method 410

General Requirements 410

SAXS Application Example 411

General Information 412

Question 1: The Global Conformation of the S-Domain Folding
Intermediate 412

Question 2: The Stable, Extended Conformation of the S-Domain
Folding Intermediate 414

Question 3: The Utility of Low-Resolution Real-Space Reconstructions
in RNA Modeling 416



20.3
20.3.1
20.3.2
20.3.3
204

21

211
21.2
2121
21.2.2
21.23
213
21.3.1
21.3.2
2133
21.4
215
21.5.1

21.5.2

21.5.3
21.5.4
21.5.5

22

22.1
22.2
223
224

225

22.5.1
225.2
2253
22.5.4

Contents

Troubleshooting 421

"Problem 1: Radiation Damage and Aggregation 421

Problem 2: High Scattering Background 422

Problem 3: Scattering Results Cannot Be Fit to Simple Models 422
Conclusions — Outlook 422

Acknowledgments 423

Abbreviations 423

References 423

Temperature-Gradient Gel Electrophoresis of RNA 427
Detlev Riesner and Gerhard Steger

Introduction 427

Method 428

Principle 428

Instruments 429

Handling 429

Optimization of Experimental Conditions 430

Pore Size of the Gel Matrix 430

Electric Field 430

Ionic Strength and Urea 431

TGGE - General Interpretation Rules 431

Examples of TGGE Applications 433

Example 1: Analysis of Different RNA Molecules in a Single
TGGE 434

Example 2: Analysis of Structure Transitions in a Single RNA —
Detection of Specific Structures by Oligonucleotide
Hybridization 435

Example 3: Analysis of Mutants 438

Example 4: Detection of Protein-RNA Complexes by TGGE 439
Outlook 442

References 443

UV Melting Studies with RNA 445

Philippe Dumas, Eric Ennifar, Francois Disdier, and Philippe Walter
Introduction 445

A Simplified Account of the Physical Basis of UV Absorption 445
Definitions and Nomenclature 446

Well-Known and Less Well-Known Characteristics of UV Absorption
by Nucleic Acids Bases 447

The Basis of UV Melting Experiments for Thermodynamic

Studies 449

The Only Valid Definition of a Melting Temperature 450
Reminders 450

Unimolecular Transitions 451

Bimolecular Transitions 452



XVI| Contents

22.5.4.1
22.5.4.2

22.5.43
22.5.4.4

22.5.45
22.6
22.7
22.8
229

22.10

2211

22111
22.11.2
22.12

22.12.1
22122
22123
22124
22125

23

23.1
23.2
23.21
23.2.2
23.2.3
23.2.31
23.2.3.2
233
23.3.1
23.3.2
23.3.3
2334

Entropic Considerations 452

Basic and Less Basic Equations about Melting Curves Involving
Bimolecular Transitions 454

Higher Order Transitions 455

Influence of the Temperature Dependence of the Absorbance
Parameters 455

The Different Ways of Obtaining Tr,, AH, and AS 455

The Two-State Approximation and Its Limitations 459
Equilibrium and Non-equilibrium 459

A Common Pitfall with Self-Complementary Sequences 460
Extracting Thermodynamic Information from Melting Curves of
Large RNAs 461

Parameters Influencing the Melting Temperature 462
Practical Problems 463

Evaporation during Heating: an Important Improvement 463
Sloping Baseline 464

A Neat Experimental Solution to the Sloping Baseline 468
pH Variation and Buffers 468

RNA Degradation 470

Heating Rate and Data Sampling 471

Experimental Data Processing 472

Softwares 473

Acknowledgment 473

Appendix A: Difference between T, and Tp,ax and DMC
Normalization 473

Appendix B: Experimental Setup against Evaporation 475
Appendix C: The Subtleties with Partial Derivatives for ACp
Determination 475

Appendix D: Buffer pK, Variation with the Temperature 476
References 476

RNA Crystallization 481

[Jiro Kondo, Claude Sauter, and Benoit Masquida
Introduction 481

RNA Purification 482

HPLC Purification 482

Gel Electrophoresis 483

RNA Recovery 484

Elution ofithe RNA from the Gel 484
Concentrating and Desalting 484

RNA Crystallization 485

Renaturing the RNA 485

Search for Crystallization Conditions 485
Evaluation of Crystallization Assays 488
The Optimization Process 489



23.35

23.3.6

234

24

241
2411

24.1.2
2413

242

243

2431
24.4

2441
2442
2443
2444
2445
244.6

24.4.7
245

245.1
2452
2453
2454
2455

25

25.1
252
25.2.1

25.2.2

Contents

Designing RNA Constructs with Improved Crystallization
Capabilities 491

Crystallizing Complexes with Organic Ligands: the Example of
Aminoglycosides 493

Conclusions 494

References 495

Studying RNA Using Single Molecule Fluorescence Resonance Energy
Transfer 499

Felix Spenkuch, Olwen Domingo, Gerald Hinze, Thomas Basché,
and Mark Helm

Introduction 499

The Advantages of Single Molecule Fluorescence Resonance Energy
Transfer 499

Chapter Scope 500

Typical Topics of RNA Dynamics Addressed by Single Molecule
FRET 500

Theory of Fluorescence Resonance Energy Transfer 502
Experimental Design 503

Considerations for Construct Design 503

smFRET Experiments Using Immobilized Molecules 505
Instrumental Setup 505

Means of Signal Correction and Data Analysis 505

The Choice of Dye Pairs for FRET 507

Buffer Handling in Single Molecule Experiments 508
Strategies for Dye Labeling of RNA Constructs 508
Postsynthetic Labeling of Alkyne-Containing RNA
Oligonucleotides 509

Tuning Dye Endurance: Antifading Agents 510
Troubleshooting 520

RNase Contamination 520

Removal of Unbound Fluorophores 521

Drying of Samples 521

Donor-Only Populations 521

Too Dense or Too Sparse Surface Coverage 521

References 522

Atomic Force Microscopy Imaging and Force Spectroscopy of
RNA 527

Malte Bussiek, Antonie Schone, and Wolfgang Nellen
Introduction 527

AFM Imaging of RNA Structures 528

General Preconditions: Mode of Operation, Data Analysis, and
Resolution 528

Surface Preparation Conditions 531

Xvil



XVl

Contents

25.2.3
25.24

25.3

25.4
25.5
25.6

26

26.1
26.2
26.3
26.4
26.4.1
26.4.11
26.4.1.2
26.4.1.3
26.4.1.4
26.4.15
26.4.2
26.4.21
26.4.2.2
26.4.2.3
26.4.2.4
26.4.25
26.4.2.6
26.5
26.5.1
26.5.11
26.5.1.2
26.5.1.3
26.5.2
26.5.2.1
26.5.2.2
26.5.2.3
26.5.2.4
26.6

Imaging in Liquid 535

Experimental Example of Salt-Dependent RNA Folding Using a
Designed RNA Construct 535

Example Protocol: RNA Preparation for AFM Imaging in Air Using
PL-Coated Mica 537

Troubleshooting 538

Force Spectroscopy AFM 540

Outlook 544

Acknowledgments 544

References 544

Part I RNA Genomics & Bioinformatics, Global Approaches 547

Secondary Structure Prediction 549
Gerhard Steger

Introduction 549
Thermodynamics 550

Formal Background 552

mfold and UNAFold 555

Input to the mfold Server 556
Sequence Name 556

Sequence 556

Constraints 556

Further Parameters 558
Immediate versus Batch Jobs 561
Output from the mfold Server 561
Energy Dot Plot 561

Extra Files 563

Download All Foldings 563

View ss-Count Information 564
View Individual Structures 564
Dot Plot Folding Comparisons 565
RNAfold 565

Input to the RNAfold Server 566
Sequence and Constraints 566
Further Parameters 567
Immediate versus Batch Jobs 568
Output from the RNAfold Server 570
Text Output of Secondary Structure 570
Probability Dot Plot 570

Graphical Output of Secondary Structure 570
Mountain Plot 571
Troubleshooting 571
Acknowledgment 573

References 573



27

27.1
27.1.1
27.1.2
27.1.3
27.13.1
27132
27.133
27.1.3.4
27.1.35
27.13.6
27.1.4

27.1.5
27.2

27.21
27.3
27.3.1
274

27.4.1
27.5

27.5.1
276
27.7

28

281
282
283
284
285
28.5.1
285.2
2853
28.5.4
28.5.5
285.6
28.6
28.7

RNA Secondary Structure Analysis Using Abstract Shapes
Robert Giegerich and Bjérn Vo

Introduction to Abstract Shape Analysis 579

Looking Deeper into the RNA Folding Space 579
Overview of Functions of Abstract Shape Analysis 580
Definition of Shape Abstraction 580

Shapes 580

Shape Abstraction Function 581

Shape Representative Structures {shreps) 581

Levels of Abstraction 581

Shape Probabilities 582

Consensus Shape 582

General Caveats when Working with Abstract

Shapes 582

Applications of Abstract Shape Analysis 583

Protocol 1: Computing Shape Representative

Structures 584

Useful Parameters for RNAshapes 585

Protocol 2: Probabilistic Shape Analysis 585

Useful Parameters 587

Protocol 3: Comparative Shape Analysis from Aligned
Sequences 587

Useful Parameters for RNAlishapes 588

Protocol 4: Comparative Shape Analysis from Unaligned
Sequences 588

Useful Parameters for RNAshapes 592

RNAshapes Parameter Overview 592

RNAlishapes Parameter Overview 593

References 594

579

Contents

Screening Genome Sequences for known RNA Genes or Motifs 595

Daniel Gautheret

Introduction 595

Choosing the Right Search Program 596
Overview of the RNA Search Procedure 597
Assessing Search Specificity 598

A Test Case: Looking for Homologs of a Bacterial sSRNA 600

Building a First Training Set with BLASTN 600
Alignment and Structure Prediction 602
Searching with HMMER 604

Searching with RNAMOTIF 606

Searching with ERPIN 609

Searching with INFERNAL 614

Conclusion 615

Supplemental Data 615

XIX



XX

Contents

288

29

29.1
29.2
29.2.1
29.2.2
29.23
29.3
29.3.1
29.3.2
29.33
29.34
29.4

30

30.1
30.2
30.21
30.2.2
30.3
30.3.1
30.3.2
30.3.3
30.4

31

311
31.2
313
314
315

Program Versions and Download Sites 616
Acknowledgments 616
References 616

Homology Search for Small Structured Non-coding RNAs 619
Manja Marz, Stefanie Wehner, and Peter F. Stadler
Introduction 619

Materials 619

Sequence Data 619

Web Services 620

Web Service-Independent Software 621
Protocol: mascRNAs 621

The Seed 622

Low-Hanging Fruits: Initial BLAST Search 623
Initial Secondary Structure Model 624

Drilling Deep - Structure-Based Searches 625
Concluding Remarks 629

Acknowledgments 630

References 630

Predict RNA 2D and 3D Structure over the Internet Using
MC-Tools 633

Stephen Leong Koan, Jonathan Roy, Marc Parisien, and Francois Major
Introduction 633

Materials 634

Equipment 634

Data 634

MC-Tools 635

MC-Fold 635

MC-Cons 636

MC-Sym 636

Troubleshooting 663

Acknowledgments 663

References 663

$2S-Assemble2: a Semi-Automatic Bioinformatics Framework to Study
and Model RNA 3D Architectures 667

Fabrice Jossinet and Eric Westhof

Introduction 667

S2S: an Interactive RNA Alignment Viewer and Editor 668
Assemble2: an Interactive RNA 3D Modeler 671

The Semi-Automatic Architecture of S2S and Assemble2 672
Installation of S2S and Assemble2 673

References 685



32

321
32.2
323
3231
32.3.1.1
32.3.1.2
32.3.1.3
323.1.4
32.3.2
32321
32.3.2.2
32.3.23
323.24
32.3.3
3234
32.3.5
32.3.5.1
323522
32.35.3
32354
32355
32.3.5.6
32.3.6
32361
32.3.6.2
32.3.6.3
323.64
32.3.6.5
3237
3238
32381
32382
32383
32.3.84
32.3.9
32.3.10
32.3.10.1
32.3.10.2
32.3.10.3
32.3.10.4
324
324.1
324.1.1

Contents

Molecular Dynamics Simulations of RNA Systems 687
Pascal Auffinger

Introduction 687

MD Methods 689

Simulation Setups 689

Selecting an Appropriate Starting Structure 689
Model-Built Structures 689

X-Ray and Neutron Diffraction Structures 689
Cryo-Electron Microscopy (Cryo-EM) Structures 690
NMR Structures 690

Checking the Starting Structure 690

Conformational Checks 690

Rare Non-covalent Interactions 691

Protonation Issues 692

Solvent 692

Adding Hydrogen Atoms 693

Choosing the Environment (Crystal, Liquid) and Ion Types 693
Setting the Box Size and Placing the Ions and Water 693
Box Size 693

Monovalent Ions 693

Divalent lons 694

Minimal Salt Conditions 694

Water Molecules 694

Building Initial Solute and Solvent Configurations 694
Choosing the Program and Force Field 695

Programs 695

Force Fields 695

Parameterization of Modified Nucleotides, Ligands, and Ions 696
Clustering Artifacts and lon Parameters 696

Water Models 696

Treatment of Electrostatic Interactions 697

Other Simulation Parameters 697

Thermodynamic Ensemble 697

Temperature and Pressure 698

Shake, Time Steps, and Update of the Non-bonded Pair List 698
The “Flying Ice Cube Problem” 698

Equilibration 699

Sampling 699

How Long Should a Simulation Be? 699

When to Stop a Simulation 700

Multiple Molecular Dynamics (MMD) Simulations 701
Simulations of Large Systems 701

Analysis 701

Evaluating the Quality of the Trajectories 701
Consistency Checks 702



XXl

Contents

324.1.2
32413
32414
32.4.2
3243
3244
32441
32.4.4.2
32443
325

33

331
33.2
33.21
33.2.2
33.23
333
3331
33.3.2
334
3341
334.2
3343
3344

3345
3346
3347
335

3351
33.5.2
3353
336

34

341

Comparison with Experimental Data 702
Visualization 702

Validation through Statistical Survey of Structural Databases 703
Convergence Issues 703
Conformational Parameters 703

Data Analysis 704

Clustering 704

Analysis Packages 704

Solvent Analysis 704

Perspectives 704

Acknowledgments 705

References 705

Identification and Characterization of Small Non-coding RNAs
in Bacteria 719

Dimitri Podkaminski, Marie Bouvier, and J6rg Vogel
Introduction 719

Expression-Based Discovery of sSRNAs 720
Microarray 720

High-Throughput Sequencing and RNA-Seq 721
Hfq Coimmunoprecipitation 724
Expression-Independent Searches 726
Biocomputational Approaches 726

Genomic SELEX 728

Deciphering the Biological Role of an sSRNA 728
sRNA Expression Profile 729

sRNA Deletion 729

sRNA Overexpression 731

sRNA Pulse Expression Combined with Transcriptome
Analysis 733

sRNA Libraries 734

Finding sRNA-Associated Proteins 735
Biocomputational Approaches to Find Targets 736
Experimental Target Validation 737

Reporter Gene Fusions and sRNA Chimera 738
In vitro RNA-RNA Footprinting 739

In vitro Characterization of SRNA Function 741
Conclusions 742

Acknowledgments 776

References 776

The Identification of Bacterial Non-coding RNAs through
Complementary Approaches 787

Bjorm Vo and Wolfgang R. Hess

Introduction 787



34.2
34.21
34.2.2
34.2.3
34.2.4
34.2.4.1
34.24.2
343

34.3.1
34311
34.3.1.2
34.3.1.3
344

35

35.1
35.2
35.3
35.4
35.5

36

36.1
36.2
36.2.1

36.2.1.1
36.2.1.2
36.2.2
36.2.3
36.2.4
36.2.5
36.2.6
36.2.7
36.2.8

Contents

Computational Prediction 787

Workflow 788

Results and Interpretation 789

Alternative Approaches 790

Troubleshooting 791

Choice of Genomes 791

Short mRNAs and Dual-Function RNAs 794
Experimental Approaches for High-Throughput RNomics
in Bacteria 794

Microarray Analysis 794

Considerations for the Design of Tiling Microarrays 795
Considerations for the Design of Expression Microarrays 796
Direct Labeling of RNA for Microarray Hybridization 796
Troubleshooting 799

Acknowledgments 799

References 800

Experimental RNomics, a Global Approach to identify Non-coding
RNAs in Model Organisms, and RNPomics to Analyze the Non-coding
RNP Transcriptome 801

Mathieu Rederstorff and Alexander Hiittenhofer

Introduction 801

Computational Analysis of ncRNA Sequences 811

Notes 812

Computational Analysis of ncRNA Sequences 816

Notes 816

Acknowledgments 817

References 817

Computational Methods for Gene Expression Profiling Using
Next-Generation Sequencing (RNA-Seq) 821

John C. Castle

Introduction 821

Procedure Qverview 822

Understand the Experiment and the Molecular Biology
Protocol 823

Library Generation 823

Sequencing 825

Align Reads 826

Associate Reads with Transcripts 827

Determine Expression and Uncertainty 828
Normalization 828

Output and Viewing 828

Troubleshooting 829

The Future Is Bright! 830

xXui



XXIV

Contents

36.3

37

371
37.2
37.21

37.211
37.21.2
37.21.3
37.214

37.2.15

37.2.2

37.2.21
37.2.2.2
37.223
37.2.24
37.2.25
37.2.2.6
37.23

37.2.31

37.2.3.2
373
37.31
37311
37.31.2
37.3.1.3
37.3.1.4

37.3.1.5

37.3.16

3732

Protocols: Useful Algorithms, Formats, and Tools 830
References 830

Characterization and Prediction of miRNA Targets 833

Jean Hausser and Mihaela Zavolan

Introduction 833

Description 834

Building a Set of “Positives” and “Negatives”; Obtaining Examples of
Functional and Non-functional miRNA Binding Sites 835
Comparative genomics 836

miRNA perturbation and omics 837

Immunoprecipitation of RISC components 838

Measuring translation repression directly with polysome

profiles 839

Which data set should one use for inferring properties that
characterize functional miRNA binding sites? 839

Properties of Functional miRNA Binding Sites 840

The “seed” binding criterion 840

Evolutionary conservation 841

Stability of the miRNA-mRNA duplex 841

Structural accessibility 841

Sequence composition 842

Spatial effects 842

Combining Properties and Examples into a Predictive Model 843
Inferring properties that consistently predict miRNA targeting across
data sets 843

Training a miRNA target prediction model 846

Troubleshooting 847

Using miRNA target predictions in an experimental setting 847
How accurate are miRNA target predictions? 848

Which miRNA target prediction method should I use? 849

How many targets does a miRNA have? 850

Why does a particular high-confidence predicted target not change in
response to miRNA overexpression? 850

Transcript x is a target of miRNA y according to method z, yet it does
not have an “miRNA y seed match” in the 3’ UTR 850

The list of targets predicted by method x has a different type of
identifiers (Entrez Gene ID/RefSeq ID/Ensembl transcript/ . . .) than
the list predicted by method y or the list that one obtains in a
large-scale validation experiment (e.g., microarray

measurement) 851

The Complexity of Gene Regulation and its Impact on Designing
Accurate miRNA Target Prediction Methods 851

References 853



38

38.1
38.2
38.3

39

39.1
39.2

40

40.1
40.2
40.2.1
40.2.2
40.2.3
40.2.4

41

41.1
41.2
41.2.1
41.2.2

Contents

Barcoded cDNA Libraries for miRNA Profiling by Next-Generation
Sequencing 861

Markus Hafner, Neil Renwick, fohn Pena, Aleksandra Mihailovic,
and Thomas Tuschl

Introduction 861

Overview of the Method 862

Troubleshooting 872

Acknowledgments 872

References 872

Transcriptome-Wide Identification of Protein Binding Sites on RNA by
PAR-CLIP (Photoactivatable-Ribonucleoside-Enhanced Crosslinking and
Immunoprecipitation) 877

Jessica 1. Hoell, Markus Hafner, Markus Landthaler, Manuel Ascano,
Thalia A. Farazi, Greg Wardle, Jeffi Nusbaum, Pavol Cekan,

Mohsen Khorshid, Lukas Burger, Mihaela Zavolan, and Thomas Tuschl
Introduction 877

Troubleshooting 897

Acknowledgments 897

References 897

Global Analysis of Protein—RNA Interactions with Single-Nucleotide
Resolution Using iCLIP 899

Julian Kénig, Nicholas J. Mc Glincy, and Jernej Ule
Introduction 899

Procedure 900

Overview 900

Antibody and Library Preparation Quality Control 902
Oligonucleotide Design 903

Troubleshooting 904

Acknowledgments 917

References 917

Part IV RNA Function, RNP Analysis, SELEX, RNAi 919

Use of RNA Affinity Matrices for the Isolation of RNA Binding
Proteins 921

Markus Englert, Bettina Spith, Steffen Schiffer, Sylvia Résch,
Hildburg Beier, and Anita Marchfelder

Introduction 921

Applications 927

Purification of the Nuclear tRNase Z from Wheat Germ 927
Purification of the tRNA-Splicing Ligase from Wheat

Germ 930



XXVI

Contents

41.3

42

42.1
42.2
42.2.1
42.2.2
42.2.3
42.2.4
42.2.5
423
42.3.1
42.3.1.1

42.3.1.2
42.3.1.3
42.3.1.4

42.3.2

42.3.3
42.4

42.4.1
42.4.2
42.4.3

42.44

43

431
43.2
43.2.1
43.3
43.3.1

Notes 932
References 932

Biotin-Based Affinity Purification of RNA-Protein Complexes 935
Marco Preufiner, Silke Schreiner, Inna Grishina, Zsofia Palfi, Jingyi Hui,
and Albrecht Bindereif

Introduction 935

Materials 937

Biotinylated Probes 937

Affinity Matrices 937

Cell Extracts 938

Buffers and Solutions 938

Additional Materials 939

Methods 939

Affinity Purification of RNA-Protein Complexes (RNPs) 939
Depletion of Total Cell Lysate from SAg-Binding Material
(Preclearing) 940

Preblocking Streptavidin Agarose Beads 941

Affinity Selection of RNPs for Biochemical Studies 941

Elution of Affinity-Selected RNPs for Functional Studies by a
Displacement Oligonucleotide 945

Affinity Purification of Specific RNA Binding Proteins by Biotinylated
RNAs 948

Depletion of Nuclear Extract with Biotinylated RNA 951
Troubleshooting 952

Biotinylated 2’OMe RNA Oligonucleotides 952

Extracts and Buffers 952

Optimization of the Experimental Conditions, When Yields Are
Low 952

Optimization of the Experimental Conditions in the Case of High
Background 953

References 953

Affinity Purification of Spliceosomal and Small Nuclear
Ribonucleoprotein Complexes 957

Julia Dannenberg, Patrizia Fabrizio, Cindy L. Will,

and Reinhard Liihrmann

Introduction 957

Immunoaffinity Purification 958

Generation of Antipeptide Antibodies: Peptide Selection Criteria 958
RNA Aptamer-Based Affinity Purification 963

Approaches for the Isolation of Native Spliceosomal Complexes 963
Acknowledgments 971

References 972



44.1
44.2
4421
44211
44212
44.2.2
44221
44222
44.2.2.3

44.2.3
442.4

44.24.1
44242
44243
442.4.4
44245
44.2.4.6
44.24.7
44.25
44251
44.2.5.2
44253
44.2.6
44.2.6.1
44.2.6.2
44.3
44.3.1
44.3.1.1
443.1.2
44.3.1.3
44.3.2
44321
44.3.2.2
4433
44.3.3.1

4433.2
44.3.4

Contents

Study of RNA-Protein Interactions and RNA Structure in
Ribonucleoprotein Particles (RNPs) 975

Virginie Marchand, Annie Mougin, Agnés Méreau, Isabelle
Behm-Ansmant, Yuri Motorin, and Christiane Branlant
Introduction 975

Methods 978

RNP Reconstitution 978

Equipment, Materials, and Reagents 978

RNA Preparation and Renaturation Step 980

EMSA 981

EMSA Method 981

Supershift Method 983

Identification of Proteins Contained in RNP by EMSA Experiments
Coupled to a Second Gel Electrophoresis and Western Blot
Analysis 984

Purification of RNPs Reconstituted in Complex Cellular Extracts 986
Methods for RNP Purification Using Tobramycin—Sepharose or
MS2-MBP Affinity Chromatography 987

Equipment and Materials Common to the Two Approaches 987
RNP Purification Using Tobramycin—Sepharose 987
Formation of RNPs in the Cellular Extract 989

Elution of Purified RNPs under Native Conditions 989
MS2-MBP Affinity Chromatography 989

Elution and Analysis of Purified RNPs 990

Analysis of the Purified RNP Protein Content 990
Probing of RNA Structure 991

Properties of the Probes Used 991

Equipment, Material, and Reagents 993

Probing Method 994

UV Crosslinking and Immunoselection 999

Equipment, Materials, and Reagents 1000
UV-Crosslinking Method 1003

Commentaries and Pitfalls 1005

RNP Purification and Reconstitution 1005

RNA Purification and Renaturation 1005

EMSA 1005

Tobramycin-Sepharose Affinity Chromatography 1006
Probing Conditions 1006

Choice of the Probes Used 1006

Ratio of RNA/Probes 1007

UV Crosslinking 1008

Photoreactivity of Individual Amino Acids and Nucleotide
Bases 1008

Labeled Nucleotide in RNA 1008

Immunoprecipitations 1008

xvii



XXVl | Contents

443.41  Efficiency of Immunoadsorbents for Antibody Binding 1008
44.4 Troubleshooting 1008
4441 RNP Purification by Tobramycin—Sepharose or MS2-MBP Affinity
Chromatography 1008
44.4.2 RNP Reconstitution 1009
4443 RNA Probing 1009
44.4.4 UV Crosslinking 1009
4445 Immunoprecipitations 1009
Acknowledgments 1010
References 1010

45 Immunopurification of Endogenous RNAs Associated with RNA
Binding Proteins In vivo 1017
Minna-Liisa Anké and Karla M. Neugebauer
45.1 Introduction 1017
45.2 Description of Methods 1017
45.2.1 Overview 1017
45.2.2 Analysis of Coimmunoprecipitated RNA 1022
45.2.2.1  Microarray Analysis of Immunopurified RNA 1022
45.2.2.2  RT-PCR Analysis of Immunopurified RNA 1024
45.2.2.3  Next-Generation Sequencing of Immunopurified RNA 1025
45.3 Troubleshooting 1025
45.3.1 Critical Points and Common Problems 1025
45.3.2 Uncrosslinked or Crosslinked RNA Immunoprecipitation 1026
45.3.3 Microarray Data Analysis 1026
45.4 Conclusions 1027
Acknowledgments 1027
References 1027

46 Protein—RNA Crosslinking in Native Ribonucleoprotein Particles 1029
Olexandr Dybkov, Henning Urlaub, and Reinhard Liihrmann

46.1 Introduction 1029

46.2 Overall Strategy 1030

46.3 UV Crosslinking 1031

46.4 Identification of UV-Induced Protein—-RNA Crosslinking Sites by
Primer Extension Analysis 1033

46.5 Identification of Crosslinked Proteins 1037

46.6 Troubleshooting 1040

Acknowledgments 1050
References 1050

47 Sedimentation Analysis of Ribonucleoprotein Complexes 1055
Tanja Rosel, Jan Medenbach, Andrey Damianov, Silke Schreiner, and
Albrecht Bindereif

47.1 Introduction 1055



47.2
473

48.1
48.2
48.3
48.3.1
48.3.2
48.3.3
48.3.3.1
4834
48.34.1
4835
484
485
48.6

49

49.1
49.2
493

50

50.1
50.2
50.2.1
50.2.1.1
50.2.1.2
50.2.2
50.2.3
50.2.4
50.3
50.4
50.5

Contents

Glycerol Gradient Centrifugation 1056

Fractionation of Ribonucleoproteins (RNPs) by Cesium Chloride
Density Gradient Centrifugation 1061

References 1065

Identification and Characterization of RNA Binding Proteins through
Three-Hybrid Analysis 1067

Felicia Scott and David R. Engelke

Introduction 1067

Basic Strategy of the Method 1068

Detailed Components 1070

Yeast Reporter Strain 1070

Plasmids 1070

Hybrid RNA 1071

Technical Considerations for the Hybrid RNA 1071

Activation Domain FP2 1073

Technical Considerations for the Activation Domain of FP2 1074
Positive Controls 1075

Troubleshooting 1079

Additional Applications 1081

Summary 1082

Acknowledgments 1083

References 1083

Experimental Identification of MicroRNA Targets 1087
Michaela Beitzinger and Gunter Meister

Introduction 1087

Troubleshooting and Notes 1093

Buffers and Solutions 1094

References 1095

Aptamer Selection against Biological Macromolecules: Proteins and
Carbohydrates 1097

Franziska Peter and C. Stefan Voertler
Introduction 1097

General Strategy 1098

Choosing a Suitable Target 1100

Protein Targets 1100

Carbohydrate Targets 1101

Immobilization of the Target 1102
Selection Assays 1103

Design and Preparation of the Library 1103
Running the In vitro Selection Cycle 1104
Analysis of the Selection Outcome 1106
Troubleshooting 1107

XXiX



XXX

Contents

51

511
51.2
51.2.1
51.2.1.1
51.2.1.2
51.2.1.3
51.2.2
51.3
51.3.1
51.3.2
51.4
51.4.1
51.4.2
51.4.3
515
51.6
51.6.1
51.6.2
51.6.3

52

52.1
52.1.1
52.1.2
52.2
52.2.1

52.2.2

52.3
52.4

52.5
52.6
52.6.1
52.6.2

Acknowledgments 1131
References 1131

In Vitro Selection against Small Targets 1139
Dirk Eulberg, Christian Maasch, Werner G. Purschke, and
Sven Klussmann

Introduction 1139

Target Immobilization 1142

Covalent Immobilization 1143
Epoxy-Activated Matrices 1143
NHS-Activated Matrices 1145

Pyridyl Disulfide-Activated Matrices 1146
Non-covalent Immobilization 1147

Nucleic Acid Libraries 1148

Library Design 1148

Starting Pool Preparation 1149

Enzymatics 1150

Reverse Transcription 1151

Polymerase Chain Reaction 1152

In Vitro Transcription 1153

Partitioning 1154

Binding Assays 1159

Equilibrium Dialysis 1159

Equilibrium Filtration Analysis 1160
Isocratic Competitive Affinity Chromatography 1161
References 1162

SELEX Strategies to Identify Antisense and Protein Target Sites in RNA
or hnRNP Complexes 1165

Martin Liitzelberger, Martin R. Jakobsen, and Jorgen Kjems
Introduction 1165

Applications for Antisense 1166

Selecting Protein Binding Sites 1166

Construction of the Library 1166

Generation of Random DNA Fragments from Genomic or Plasmid
DNA 1168

Preparing RNA Libraries from Plasmid, cDNA, or Genomic

DNA 1168

Identification of Optimal Antisense Annealing Sites in RNAs 1169
Identification of Natural RNA Substrates for Proteins and Other
Ligands 1171

Cloning, Sequencing, and Validating the Selected Inserts 1171
Troubleshooting 1172

Sonication of Plasmid DNA does not Yield Shorter Fragments 1172
Inefficient Ligation 1172



52.6.3
52.6.4
52.6.5
52.6.6

53

531
532
53.2.1
53.2.2
53.2.3
53.23.1
53.2.3.2
53.2.3.3
53.2.34
53.2.3.5
53.23.6
53.24
53.3
5331
53.3.11
53.3.1.2
53.3.1.3
53.3.14
53.3.1.5
53.3.1.6
53.3.2
53.3.2.1
53.3.2.2
53.3.2.3

53.3.24
53.4

54

54.1
54.2
54.2.1
54.2.2

Inefficient Mme I Digestion 1172

The Amplification of the Unselected Library is Inefficient

Contents

1173

The Library Appears to be Non-Random in the Unselected Pool 1173
The Selected RNAs do not Bind to Native Protein

References 1182

Genomic SELEX 1185

1173

Jennifer L. Boots, Katarzyna Matylla-Kulinska, Marek Zywicki,
Bob Zimmermann, and Renée Schroeder

Introduction 1185

Description of the Methods 1186
Library Construction 1186

Choice of Bait 1188
SELEX Procedure 1188

Transcription of Genomic Library into RNA Library 11

Counter Selection 1190
Positive Selection 1190

Recovery and Amplification of Selected Sequences

Neutral SELEX 1192.
Cloning and Sequencing
Troubleshooting 1194

1194

Evaluation of Obtained Sequences
Computational Analysis of SELEX-Derived Sequences
Read Filtering and Cleaning 1196

Genome Mapping 1196
Assembly and Annotation

1197

Enrichment Analysis 1197
Benefits of Sequencing the Initial Library

Identification of the Binding Motif 1198

1194

1198

Biochemical Analysis of the Genomic Aptamers

Validation of the RNA-Protein Interaction
Expression Analysis of Genomic Aptamers

1199
1199

119

1199

90

1

1194

Reconstruction of the Whole-Transcript-Comprising Genomic

Aptamer 1200

Determining the Function of the RNA-Protein Interaction

Conclusions and Outlook
Acknowledgments 1202
References 1202

In vivo SELEX Strategies
Thomas A. Cooper
Introduction 1207

1202

1207

Procedure Overview 1208
Design of the Randomized Exon Cassette

Design of the Minigene

1212

1210

1200

XXXI



XXXII | Contents

54.2.3 RT-PCR Amplification 1213

54.2.4 Monitoring for Enrichment of Exon Sequences That Function as
Splicing Enhancers 1213

54.2.5 Troubleshooting 1214
Acknowledgments 1218
References 1219

55 Gene Silencing Methods Using Vector-Encoded siRNAs or
miRNAs 1221
Ying Poi Liu and Ben Berkhout

55.1 Introduction 1221

55.2 Background Information 1221

55.3 Construction of shRNA Vectors 1223

554 Construction of miRNA Vectors 1228

55.5 Construction of Extended shRNAs and 1hRNAs 1229

55.6 Production of Lentiviral Vectors Encoding Anti-HIV-1 shRNAs or

e-shRNAs 1230
55.6.1 Troubleshooting 1234
References 1235

56 Using Chemical Modification to Enhance siRNA Performance 1243
Jesper B. Bramsen, Arnold Griinweller, Roland K. Hartmann,
and Jargen Kjems

-

56.1 Introduction 1243

56.2 Numerous siRNA Designs: What siRNA Architecture to
Choose? 1243

56.3 siRNA Tolerance Toward Modification 1244

56.4 Tools for Chemical Modification of siRNAs 1245

56.4.1 siRNA Backbone Modifications 1246

56.4.2 Ribose 2’-OH Substitutions 1248

56.4.3 Alteration of the Ribose Backbone 1251

56.4.4 Base Modifications 1252

56.5 Improving siRNA Potency 1252

56.6 Enhancing siRNA Nuclease Resistance 1253

56.6.1 siRNA Stability and Ribonucleases 1253

56.6.2 Strategies for siRNA Stabilization 1254

56.7 Enhancing siRNA Silencing Duration 1255

56.8 siRNA Immunogenicity 1256

56.8.1 Cellular Response to sSiRNA 1256

56.8.2 Chemical Modification Can Abrogate siRNA Immunogenicity 1257

56.9 Reducing siRNA Off-Target Effects by Chemical Modification 1258

56.9.1 Off-Target Effects Caused by miRNA-Like Activities 1258

56.9.2 Reducing Off-Targeting by Chemical Modification of the siRNA Guide
Strand Seed Region 1258

56.9.3 Avoiding Passenger Strand Off-Targeting 1259



56.10
56.10.1
56.10.2
56.11
56.12

Contents

Chemical Modifications Can Improve siRNA Pharmacokinetics 1259
Enhancing Cellular Delivery by siRNA Conjugation 1260

Altering Biodistribution by siRNA Conjugation 1261

Chemical Modification of siRNAs — State of the Art 1261

A Guide for In vivo Studies 1261

References 1265

Appendix: UV Spectroscopy for the Quantitation of RNA 1279

Index 1283

XXX



