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8.1 Encircling the Problem 293
8.2 What Is the Unique Information? 295
8.2.1 Kinetics Can Be Directly Resolved 295
8.2.2 Full Probability Distributions Can Be Measured 296
8.2.3 Structures Can Be Related to Functional States 297
8.2.4 Structures Can Be Imaged at Superresolution 298
8.2.5 Bioanalysis Can Be Extended Down

to the Single-Molecule Level 300
8.3 Building a Single-Molecule Microscope 301
8.3.1 Microscopes/Objectives 301
8.3.2 Light Source 304
8.3.3 Detector 310
8.4 Analyzing Single-Molecule Signals: Position, Orientation,

Color, and Brightness 316
8.4.1 Localizing in Two Dimensions 316
8.4.2 Localizing along the Optical Axis 318
8.4.3 Brightness 320
8.4.4 Orientation 321
8.4.5 Color 322



X Contents

8.5 Learning from Single-Molecule Signals 323
8.5.1 Determination of Molecular Associations 323
8.5.2 Determination of Molecular Conformations via FRET 325
8.5.3 Superresolution Single-Molecule Microscopy 329
8.5.4 Single-Molecule Tracking 332
8.5.5 Detecting Transitions 332

Acknowledgments 334
References 334

9 Super-Resolution Microscopy: Interference
and Pattern Techniques 345
Gerrit Best, Roman Amberger, and Christoph Cremer

9.1 Introduction 345
9.1.1 Review: The Resolution Limit 346
9.2 Structured Illumination Microscopy (SIM) 347
9.2.1 Image Generation in Structured Illumination Microscopy 349
9.2.2 Extracting the High-Resolution Information 352
9.2.3 Optical Sectioning by SIM 353
9.2.4 How the Illumination Pattern is Generated 355
9.2.5 Mathematical Derivation of the Interference Pattern 355
9.2.6 Examples for SIM Setups 358
9.3 Spatially Modulated Illumination (SMI) Microscopy 362
9.3.1 Overview 362
9.3.2 SMI Setup 363
9.3.3 The Optical Path 364
9.3.4 Size Estimation with SMI Microscopy 366
9.4 Application of Patterned Techniques 368
9.5 Conclusion 372
9.6 Summary 372

Acknowledgments 373
References 373

10 STED Microscopy 375
Travis J. Gould, Patrina A. Pellett, and Joerg Bewersdorf

10.1 Introduction 375
10.2 The Concepts behind STED Microscopy 376
10.2.1 Fundamental Concepts 376
10.2.2 Key Parameters in STED Microscopy 380
10.3 Experimental Setup 384
10.3.1 Light Sources and Synchronization 384
10.3.2 Scanning and Speed 385
10.3.3 Multicolor STED Imaging 386
10.3.4 Improving Axial Resolution in STED Microscopy 388
10.4 Applications 388
10.4.1 Choice of Fluorophore 388



Contents XI

10.4.2 Labeling Strategies 389
Summary 390
References 391

A Appendix: Practical Guide to Optical Alignment 393
Rainer Heintzmann

A.1 How to Obtain a Widened Parallel Laser Beam 393
A.2 Mirror Alignment 395
A.3 Lens Alignment 396
A.4 Autocollimation Telescope 396
A.5 Aligning a Single Lens Using a Laser Beam 397
A.6 How to Find the Focal Plane of a Lens 399
A.7 How to Focus to the Back Focal Plane of an Objective

Lens 400

Index 403




