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Preface

The third volume in this series, Nanosystem Characterization Tools for the Life
Sciences, is being presented to you sooner than expected thanks to the dedication
of all the contributing authors. In a very timely manner, they present here their
in-depth reviews on several important characterization tools that are currently be-
ing utilized and are in the process of development and refinement for nanotechno-
logical applications in the life sciences.

While the book is certainly not an exhaustive source for all the characterization
tools, it is for sure first of its kind to provide, under one umbrella, several of the
very important tools. My gratitude goes to all those who have been part of this proj-
ect, most importantly the authors, my employer, family, friends and Wiley-VCH
publishers. 1 do hope that the information provided will help the readers in their
scientific pursuits. I do realize that there is always a scope for improvement and
therefore. your comments and suggestions are very valuable.

Traditional fluorescence imaging tools have so far helped life scientists in unrav-
eling several mysteries. However, the advent of quantum dots is poised to take flu-
orescence imaging to a different level altogether. In the first chapter, Fluorescence
Imaging In Biology using Nanoprobes, author Daniele Gerion from Lawrence Liver-
more National Laboratory in California, USA, provides a unique perspective to how
various nanoprobes are changing the limits of fluorescence imaging, and shares
her views on what future holds in this exciting field.

The second chapter in the book is a journey into imaging of biological samples
using scanning probe microscopy techniques (SPM). The authors, Anthony W.
Coleman and colleagues from CNRS-UCBL, France, critically analyse the utility of
SPM in imaging hitherto unseen biological systems, understanding their mechan-
ical properties and how they are useful in developing sensor systems. The chapter
is aptly entitled Characterization of Nanoscale Systems in Biology using Scanning
Probe Microscopy Techniques.

Continuing on the similar theme of imaging techniques, Rhonda Dzakpasu and
Daniel Axelrod from the University of Michigan at Ann Arbor, USA, provide an ex-
ceptional account of a novel imaging technique using optical microscopy based on
dynamic light scattering in the tenth chapter— Dynamic Light Scattering Microscopy.
It has an all-embracing account on the theory of DLSM followed by a description
of the detection system that uses a slow scan CCD to record the rapid kHz range
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fluctuations of DLS. and finally followed by tests on a model system of small poly-
styrene beads in suspension and a living cell system of macrophages.

While the imaging techniques described in the first two chapters provide direct
tools for understanding biological systems. the third chapter is an insight into use
of an indirect tool, quartz crystal microbalance (QCM), which is a widely-used,
popular and effective tool for evaluation of the assembly of biological structures.
David E. Cliffel's group from Vanderbilt University in Nashville, USA, has done a
remarkable job in capturing their experience in utilization of QCM techniques in
life sciences. In this chapter. Quartz Crystal Microbalance Characterization of Nano-
structure Assemblies in Biosensing. the authors cover important biological applica-
tions of QCM in addition to providing the principles and operational aspects.

Yet another indirect approach for understanding nanoscaled biologically impor-
tant systems is the use of traditional spectroscopy tools. Nuclear Magnetic Reso-
nance is playing a key role in the development and design of nanoscaled pharma-
ceutical carriers by providing comprehensive data on the structure and the
function of these systems under a large variety of conditions. Christian Mayer
from Gerhard Mercator University in Duisburg, Germany, provides an authorita-
tive account of application of NMR tools for nanoscaled systems in the fourth
chapter, entitted NMR Characterization Techniques— Application to Nanoscaled Phar-
maceutical Carriers. The author's own words succinctly summarize the importance
of this growing field: Unlike any other analytical technique. it combines a distinctly
non-invasive character with the ability to analyze for a chemical composition as
well as for local mobility of individual system components.

In the sixth chapter—In Situ Characterization of Drug Nanoparticles by FTIR Spec-
troscopy—Michael Tiirk and Ruth Signorell from the University of Gottingen, Ger-
many. focus on the in situ characterization of nanoparticles by Fourier-transform
infrared (FTIR) spectroscopy. In situ characterization tools such as these are a
must for life scientists as they allow not only investigation, but also provide control
of the properties of nanoparticles, especially drug nanoparticles, during their for-
mation.

Electron Spin Resonance (ESR) or synonymously Electron Paramagnetic Reso-
nance (EPR) can be regarded as a sister method for Nuclear Magnetic Resonance
(NMR). This is yet another traditional spectroscopy tool that is being developed fur-
ther to provide understanding of nanoscale drug delivery systems. The seventh
chapter contributed by Karsten Mider from Martin Luther University of Halle, Ger-
many. discusses how ESR can contribute to shedding more light on nanoscaled
drug delivery systems. providing examples that show how useful information can
be extracted from the spectra and how this information can be used to characterize
drug delivery systems. This chapter—Characterization of Nanoscaled Drug Delivery
Systems by Electron Spin Resonance—is a must not only for practioners of ESR, but
also for life scientists interested in nanoscale drug delivery systems.

Synchrotron radiation based spectroscopies have become an indispensable tool
in many areas of biological sciences. Of these. soft x-ray absorption spectroscopy
(XAS) and soft x-ray emission spectroscopy (XES) are gaining importance in the
field of nanoscience. The eighth chapter. entitled X-ray Absorption and Emission
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Spectroscopy in Nanoscience and Life Science. by Jinghua Guo from Lawrence Ber-
keley National Laboratory in California, USA, brings out how XAS and XES tech-
niques are sensitive detection tools for nanostructured and molecular materials
using a number of examples.

Each characterization tool provides unique information. However, a combination
of several techniques is always required in order to obtain complete information
about any nanoscaled biological systems. Two chapters, numbers five and nine,
provide a broader perspective to the application of multiple characterization tools
in nanosystem’s characterization. The fifth chapter, Characterization of Nanofeatures
in Biopolymers using Small-angle X-ray Scattering, Electron Microscopy and Modeling,
was written by Angelika Krebs and co-workers from the European Molecular Biol-
ogy Laboratory (EMBL) at Heidelberg, Germany. This chapter is an indication of
how an appropriate combination of characterization tools will be used in future
even though such an approach has not yet been well established.

The ninth chapter. Some New Advances and Challenges in Biological and Biomedi-
cal Materials Characterization, by F. Braet and co-workers from the Australia Key
Centre for Microscopy and Microanalysis at Sydney University, Australia, describe
recent advances as well as challenges in the microscopy of selected biological and
biomedical materials using three very important tools: atom probe tomography.
atomic force microscopy, and cryo-transmission electron microscopy.

In the final chapter of the book. X-ray Characterization Tools for Nanosystems in
Life Science. Cheng K. Saw from Lawrence Livermore National Laboratory in Cali-
fornia, USA, provides the basics of using X-ray diffraction techniques to obtain in-
formation on the structure and morphology of nanosystems in general.

I do hope that this book will be a useful source of information both for life sci-
entists interested in nanoscale systems and for characterization specialists inter-
ested in applying their tools in biological systems.

October 2005, Baton Rouge Challa S. S. R. Kumar



List of Contributors

Daniel Axelrod

The University of Michigan
275 West Hall

Randall Laboratory

500 E. University Ave.

Ann Arbor, M1 48109-1120
USA

Bettina Béttcher

European Molecular Biology Laboratory
Structural and Computational Biology
Programme

Meyerhofstrasse 1

69117 Heidelberg

Germany

Filip Braet

The University of Sydney

Nanostructural Analysis Network Organisation
Major National Research Facility, NANO-
MNRF

Electron Microscope Unit, Madsen Building.
F09

Sydney. NSW, 2006

Australia

Sebastien Cecillon

Laboratoire d’Assemblages Moléculaires
d’Intérét Biologique

Institut de Biologie et Chimie des Protéines —
CNRS/UCBL UMR 5086

7, passage du Vercors

F69367 Lyon Cedex 07

France

David E. Cliffel
Vanderbilt University
Department of Chemistry
Station B 351822
Nashville. TN 37235

USA

Anthony W. Coleman

Laboratoire d’Assemblages Moléeculaires
d’Intérét Biologique

Institut de Biologie et Chimie des Protéines —
CNRS/UCBL UMR 5086

7. passage du Vercors

F69367 Lyon Cedex 07

France

Rhonda Dzakpasu

The University of Michigan
Department of Physics
Biophysics Research Division
275 West Hall

Randall Laboratory

500 E. University Ave.

Ann Arbor. M1 48109-1120
USA

Aren E. Gerdon
Vanderbilt University
Department of Chemistry
Station B 351822
Nashville, TN 37235

USA

Daniele Gerion

Lawrence Livermore National Laboratory
Physics and Advanced Technology (PAT)
Directorate and Chemistry and Materials
Sciences (CMS) Directorate

7000 East Avenue

Livermore, CA 94551

USA

Jinghua Guo

Advanced Light Source Division
Lawrence Berkeley National Laboratory
One Cyclotron Road, MS 7R0222
Berkeley. CA 94720-8226

USA

Xvii



Xvi

List of Contributors

Thomas F. Kelly

Imago Scientific Instruments Corporation
6300 Enterprise Lane

Madison, WI 53719

USA

Angelika Krebs

European Molecular Biology Laboratory
Structural and Computational Biology
Programme

Meyerhofstrasse 1

69117 Heidelberg

Germany

David J. Larson

Imago Scientific Instruments Corporation
6300 Enterprise Lane

Madison. WI 53719

USA

Adina N. Lazar

Laboratoire d'’Assemblages Moléculaires
d’'Intérét Biologique

Institut de Biologie et Chimie des Protéines —
CNRS/UCBL UMR 5086

7. passage du Vercors

F69367 Lyon Cedex 07

France

Karsten Mider

Institute of Pharmaceutics & Biopharmacy
Martin Luther University of Halle
Wolfgang-Langenbeck-Str. 4

06120 Halle a. d. Saale

Germany

Christian Mayer

Fachbereich Chemie
University of Duisburg-Essen
Lotharstr. 1

47057 Duisburg

Germany

Simon P. Ringer

The University of Sydney

Australian Key Centre for Microscopy &
Microanalysis

Nanostructural Analysis Network Organisation
Major National Research Facility, NANO-
MNRF

Electron Microscope Unit, Madsen Building,
F09

Sydney, NSW. 2006

Australia

Cecile F. Rousseau

Laboratoire d’Assemblages Moléculaires
d'Intérét Biologique

Institut de Biologie et Chimie des Protéines —
CNRS/UCBL UMR 5086

7. passage du Vercors

F69367 Lyon Cedex 07

France

Cheng K. Saw

Materials Science & Technology Division
Chemistry & Materials Science Directorate
Lawrence Livermore National Laboratory
P.O. Box 808, L350

Livermore, CA 94551

USA

Patrick Shahgaldian
BCP

UMR 5086 CNRS-UCBL
7. passage du Vercors
69367 Lyon cedex 07
France

Ruth Signorell

University of British Columbia
Department of Chemistry
2036 Main Mall

Vancouver, B. C. V6T 171
Canada

Lilian Soon

The University of Sydney

Nanostructural Analysis Network Organisation
Major National Research Facility, NANO-
MNRF

Electron Microscope Unit, Madsen Blg, F09
Sydney. NSW, 2006

Australia

Michael Tiirk

University of Karlsruhe

Institut fiir Technische Thermodynamik
und Kiltetchnik

Engler—Bunte—Ring 21

76131 Karlsruhe

Germany

David W. Wright
Vanderbilt University
Department of Chemistry
Station B 351822
Nashville, TN 37235

USA



1.1
1.1.1
1.1.2

1.2
1.2.1
1.2.2
1.2.21
1.2:2.2
1.2.2.3
1.2.2.4
1.2.2.5
1.2.3
1.23.1
1.2.3.2
1.3
1.3.1
1.3.1.1
1.3.1.2
1.3.2
1.3.2.1
1.3.2.2
1.4
1.4.1
1.4.2
1.43
1.4.4

Contents

Preface  XIII
List of Contributors X VI

Fluorescence Imaging in Biology using Nanoprobes |

Daniele Gerion

Introduction and Outlook 1

A New Era in Cell Biology 1

Nanotechnology and its Perspectives for Fluorescence Imaging in Cell
Biology 2

Fundamentals of Fluorescence 3

Basic Principles 3

A Few Types of Fluorescent Probes 6

Small Luminescent Units and Autofluorescence of Living Organisms
A few Organic Dyes and their Limitation in Live Cell Labeling 7
Green Fluorescent Protein and its Cousin Mutants 8

Quantum Dots 9

Toxicity Issues of Nanomaterials 13

Sources and Detectors 14

Light Sources 14

Detectors 15

Microscope Configurations 17

Wide-field Methods: Epi-, and Total Internal Reflection (TIR) 17
Epifluorescence Illumination 17

Total Internal Reflection (TIR) Illumination 18

Scanning Methods for Microscopy 19

Laser-scanning or Stage-scanning Confocal Microscopy 19
Near-field Scanning Optical Microscopy (NSOM) 20

Strategies for Image Acquisition 21

Intensity Imaging 21

Spectral Imaging 23

Lifetime and Time-gated Imaging 24

Other Imaging Modalities: Polarization and FRET Imaging 26

Nanotechnologies for the Life Sciences Vol. 3

Nanosystem Characterization Tools in the Life Sciences. Edited by Challa S. S. R. Kumar
Copyright © 2006 WILEY-VCH Verlag GmbH & Co. KGaA. Weinheim

ISBN: 3-527-31383-4



VI | Contents

1.5 Qdots in Biology: A Few Selected Examples 26

1.5.1  Ultra-high Colocalization of Qdots for Genetic Mapping 27

1.5.2  Dynamics of Biomolecules in a Cellular Environment 28

1.5.2.1 Trafficking of Glycine Receptors in Neural Membranes of Live Cells 29
1.5.2.2 Dynamics of Labeled Nuclear Localization Sequences Inside Living

Cells 30
1.5.3  In Viro and Non-invasive Detection Using Qdot Reporters 31
1.6 Outlook: Is there a Role for Nanoscience in Cellular Biology and in

Medicine? 31
Acknowledgments 32
References 33

2 Characterization of Nanoscale Systems in Biology using Scanning Probe
Microscopy Techniques 38
Anthony W. Coleman, Adina N. Lazar, Cecile F. Rousseau, Sebastien Cecillon, and
Patrick Shahgaldian

2.1 Introduction 38

2.2 The Scanning Probe Microscopy Experiment 39
2.3 Scanning Tunneling Microscopy Imaging 40
2.4 Atomic Force Microscopy 41

241  Generalities 41

242  Tips and Cantilevers 44

2.4.3  Contact Mode AFM 46

2.44  Dynamic Modes 47

2441 Generalities 47

2.4.42 Non-contact Mode 48

2.4.4.3 Intermittent Contact Mode 49

2.4.44 Force Modulation Mode 49

2,45  Friction Force Mode or Lateral Force Mode 50
2.4.6  Force-Distance Analysis 50

2.4.7  Chemical Force Imaging 52

2.48 Dip-pen Lithography 54

249  Cantilever Array Sensors 54

2.5 Near-field Scanning Optical Microscopy 56
2.6 Artifacts 57

2.6.1  Artifacts Related to Tip Size and Geometry 57
2.6.2  Artifacts from Damaged Tips 59

2.6.3  Artifacts from Tip—Sample Interactions 59
2.6.4  Sample Artifacts 59

2.7 Using the Tools 60

271 DNA 60

2.7.1.1 Topographic Imaging of DNA 60

2.7.1.2 Imaging DNA Translocation 62

2.7.1.3 DNA Interactions and Stretching 62

2.7.2  Proteins 67



2:7.2:1
2.7.2.2
2.7.2.3
2.7.3
2:7:3:1
2.7.4
2741
2.7.4.2
2743
2.7.5
2.7.6
2.7.7
2.7.7.1
2,772
2773
2.7.8
2.8

3.1
3.1.1
3.1.2
3.13
3.1.4
3.1.5
3.2
3.2.1
3.2.2
3.3
3.4
3.5
3.5.1
3.5.2
353
3.5.3.1
3.5.3:2
3533
3.5.34

Contents

Topographic Imaging of Proteins 67

Dip-pen Nanolithography Patterning of Proteins 69
Protein—Protein and Protein—Ligand Interactions 69
Polysaccharides 72

Proteoglycan Topographic Imaging 72

Lipid Systems 74

Liposomes 74

Solid Lipid Nanoparticles (SLNs) 78

Supported Lipid Bilayers and Monolayers 81

SNOM Imaging 85

Viruses 87

Cells 89

Topographic Imaging 89

Interactions and Mechanical Properties 89

NSOM Imaging 91

Cantilever Arrays as Biosensors 93

Conclusion 93

Acknowledgments 94

References 94

Appendix 1 Books on Scanning Probe Microsopies Reviews on Scanning
Probe Microsopies in Biology 100

Appendix 2 Reviews on Scanning Probe Microsopies in Biology 102

Quartz Crystal Microbalance Characterization of Nanostructure Assemblies in
Biosensing 109

Aren E. Gerdon, David W. Wright, and David E. Cliffel
Introduction 109

Principles of QCM 109

QCM Wave Penetration Depth 112

QCM Sensor Specificity 113

Calculation of Equilibrium and Kinetic Constants 114
QCM Application to Life Sciences 116

Interface Between Biology and Nanomaterials 118
Antibodies 120

Nanoparticles 121

QCM Nanoparticle-based Chemical Sensors 124
QCM Nanoparticle-based Biosensors 125

QCM Nanoparticle-based Immunosensors 125
Traditional Immunoassays 126

Immunoassays using Nanotechnology 127

QCM Nanoparticle-based Immunosensors 128
Antigen Mimic Design =~ 129

Glutathione-protected Nanocluster 130
Hemagglutanin Mimic Nanocluster 131

Protective Antigen of B. anthracis Mimic Nanocluster 133

Vil



VIl | Contents

3.6 Conclusions and Future Directions 136
Acknowledgments 137
Symbols 137
References 138

4 NMR Characterization Techniques — Application to Nanoscaled Pharmaceutical
Carriers 145
Christian Mayer

41 Introduction 145

4.2 Structural Analysis of Nanoparticles 146

43 Phase Transitions of the Particle Matrix 154

4.4 Adsorption to the Particle Surface 156

4.5 Molecular Exchange through Nanocapsule Membranes 161
4.6 Particle Degradation and Release 166

4.7 Summary and Outlook 170
References 171

5 Characterization of Nano Features in Biopolymers using Small-angle X-ray
Scattering, Electron Microscopy and Modeling 175
Angelika Krebs and Bettina Bottcher

5.1 Introduction 175

5.2 Small-angle X-ray Scattering 176

5.2.1  Scattering Technique 176

5.2.1.1 Scattering Phenomenon 176

5.2.1.2 Scattering Curve and Pair Distance Distribution Function 178

5.2.1.3 Determination of Scattering Parameters 179

5.2.1.4 Experimental Setup 180

5.2.2  Interpretation of Data 181

5.2.2.1 Direct Methods 181

5.2.2.2 Indirect Methods 182

5.3 Electron Microscopy 185

5.3.1 Image Formation 186

5.3.1.1 Interference of Electrons with Matter 186

5.3.1.2 Contrast Transfer Function 187

5.3.2  Sample Preparation 188

5.3.2.1 Vitrification of Biological Specimens 188

5.3.3  Two-dimensional Merging of Electron Microscopic Data 191

5.3.3.1 Cross Correlation Function 192

5.3.3.2 Identification of the Different Views 193

5.3.4  Merging of EM-data in Three Dimensions 195

5.3.4.1 Sinogram Correlation 195

5.3.4.2 Reconstruction of the Three-dimensional Model 196

5.4 Merging of Methods 199

5.4.1  Comparison of EM and SAXS Data 199

5.4.2  SAXS Modeling Approaches using EM Information 201
References 203



6.1
6.2
6.2.1
6:2.2
6.3
6.3.1
6.3.1.1
6.3.1.2
6.3.2
6.3.3
6.4

6.5
6:5.1
6.5.2
6.5.3
6.6

7.1
7.2
7.3
7.3.1
7.3.2
733
7.3.4
7.4
7.5

8.1

8.2

8.2.1
8.2.2
8.2.3
8.2.4
8.2.5

Contents

In Situ Characterization of Drug Nanoparticles by FTIR Spectroscopy 208
Michael Tiirk and Ruth Signorell

Introduction 208

Particle Generation Methods 209

Rapid Expansion of Supercritical Solutions (RESS) 209
Electro-Spraying 211

Particle Characterization Methods =~ 212

In Situ Characterization with FTIR Spectroscopy 212

Experimental Setup 212

Characterization of the RESS Process 214

In Situ Characterization with 3-WEM 217

Characterization with SMPS and SEM 218

Determination of Refractive Index Data in the Mid-infrared Region 219
Examples 222

Phenanthrene Particles: Size, Shape, Optical Data 222

Sugar Nanoparticles 226

Drug Nanoparticles 229

Summary and Conclusion 236

Acknowledgment 236

References 237

Characterization of Nanoscaled Drug Delivery Systems by Electron Spin
Resonance (ESR) 241

Karsten Mdder

Introduction 241

ESR Basics and Requirements 242

Information from ESR Spectroscopy and Imaging 246
Nitroxide Concentration 246

Micropolarity and Microviscosity 247

Monitoring of Microacidity 253

ESR Imaging 254

In Vivo ESR 255

Summary and Outlook 255

Acknowledgment 256

References 256

X-ray Absorption and Emission Spectroscopy in Nanoscience and
Lifesciences 259

Jinghua Guo

Introduction 259

Soft X-ray Spectroscopy 260

Soft X-ray Absorption Edges 261

Soft X-ray Emission Spectroscopy 261

Soft X-ray Absorption Spectroscopy 263

Resonant Soft X-ray Emission Spectroscopy 264
Experimental Details 265

1X



X

Contents

8.3

8.3.1
8.3.2
833
8.4

8.4.1
8.4.2
8.4.3
8.5

8.5.1
8.5.2
8.5.3
8.5.4
8.5.5

9.1
9.2

9.2.1
9.2.1.1
9.2.1.2
9213
9.3
9.3.1
9.3.2
9.3.2.1
9.3.3
9.4
9.4.1
9.4.2
9.4.2.1
9.4.3
9.5

10

10.1
10.2

Chemical Sensitivity of Soft X-ray Spectroscopy 267
Electronic Structure and Geometrical Structure 268
Hydrogen Bonding Effect 270

Charge and Spin States of Transition Metals 271
Electronic Structure and Nanostructure 272

Wide Bandgap Nanostructured Semiconductors 273
Cu Nanoclusters 275

ZnO Nanocrystals 276

Electronic Structure and Molecular Structure 277
Hydrogen Bonding in Liquid Water 277

Molecular Structure in Liquid Alcohol and Water Mixture 278
Electronic Structure and Ton Solvations 280

Drugs in Water Solution 282

Electronic Structure of Bases in DNA Duplexes 282
Acknowledgments 285

References 286

Some New Advances and Challenges in Biological and Biomedical Materials
Characterization 292

Filip Braet, Lilian Soon, Thomas F. Kelly, David |. Larson, and Simon P. Ringer
Introduction 292

Modern Atom Probe Tomography: Principles, Applications in
Biomaterials and Potential Applications for Biology 293

The Need for an Ideal Microscope 293

Field lon Microscopy and the Modern Atom Probe Instrument 293
Applications in Biomaterials 298

Applications and Challenges for Biological Science 301

Atomic Force Microscopy 307

Introduction 307

Instrumentation 308

Live Cell Imaging 309

Summary 312

Cryo-electron Microscopy 312

Introduction 312

Instrumentation 313

Cryo-electron Microscopy Imaging 313

Summary 314

Conclusions 314

Acknowledgments 315

References 315

Dynamic Light Scattering Microscopy 319
Rhonda Dzakpasu and Daniel Axelrod
Introduction 319

Theory 320



10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6
10.2.7
10.2.8
10.3

10.3.1
10.3.2
10.3.3
10.3.4
10.3.5
10.4

10.4.1
10.4.2
10.4.3
10.5

10.5.1
10.5.2
10.5.3
10.5.4
19:5.5
10.5.6
10.5.7
10.6

10.6.1
10.6.2
10.6.3

11

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9

Contents

Single Scattering Center ~ 321

Multiple Scattering Centers 324

Temporal Autocorrelation of Intensity 324

Phase Fluctuation Factors 325

Number Fluctuation Factors 329

Characteristic Times and Distances 331

Spatial Autocorrelation of Intensity 331

Variance of Intensity Fluctuations: Mobile Fraction 334
Experimental Design 335

Optical Setup 335

Data Acquisition 335

Sample Preparation: Polystyrene Beads 337

Sample Preparation: Living Macrophages 338

Buffer Changes during Data Acquisition 338

Data Analysis 339

Temporal Intensity Autocorrelation Function 339
Spatial Intensity Autocorrelation Function 339

Mobile Fraction 340

Experimental Results 341

Polystyrene Beads: Temporal Phase Autocorrelation 341
Variance of Intensity Fluctuations on Beads: Phase Fluctuations 342
Polystyrene Beads: Number Fluctuations 343
Polystyrene Beads: Spatial Autocorrelation 345
Polystyrene Beads: Mobile Fractions 346

Living Macrophage Cells: Temporal Autocorrelation 347
Living Macrophage Cells: Mobile Fraction 348
Discussion 348

Polystyrene Beads 348

Macrophages 350

Improvements for DLSM 351

Acknowledgments 352

References 352

X-ray Scattering Techniques for Characterization of Nanosystems
in Lifesciences 354

Cheng K. Saw

Introduction 354

Brief Historical Background and Unique Properties 356
Scattering of X-rays 357

Crystallography 359

Scattering from a Powder Sample 360

Scattering by Atomic Aggregates 362

Crystallite Size and Paracrystallinity 364

Production of X-rays 365

Absorption of X-rays 367

Xl



Xn

Contents

11.10
11.11
11.11.1
11.11.2
11.12
11.13
11.14

Instrumentation: WAXS 367
Small Angle X-ray Scattering 370
Dilute Systems 371

Highly Correlating Systems 373
SAXS Instrumentation 373
Synchrotron Radiation 375
Concluding Remarks 376
Acknowledgment 377
References 377

Index 379



1
Fluorescence Imaging in Biology
using Nanoprobes

Daniele Gerion

1.1
Introduction and Outlook

1.1.1
A New Era in Cell Biology

Fluorescence is ubiquitous in biology. Indeed, any biology textbook contains a mul-
titude of colorful images, most of which would not disfigure an art gallery [1|. For
decades, biologists have mastered the use of fluorescently labeled molecules to
stain cells in cultures or tissues. They developed the tools to target different com-
partments inside the cells, such as the nucleus and mitochondria, and subcompart-
ment structures, such as chromosomes and the telomeres using light-emitting or-
ganic markers. These traditional approaches permitted the unraveling of a wealth
of information on organs and tissues and. to a smaller scale, on the cell organiza-
tion and its functioning. Images of cellular division captured by fluorescence
microscopy are breathtaking, particularly the movement of the duplicated chromo-
somes along the spindle apparatus towards the two poles of the parent cell. Similar
examples abound in the scientific literature and in fluorescent dye catalogs to the
point that biology may convey a false sense of completeness. Indeed, an engineer
or a physicist like myself may have the impression that everything interesting
in biology has been already discovered and that only a few blanks remain to be
filled.

Yet, in recent years, biology has witnessed an extraordinary revolution. Modern
biology looks beyond responses to stimuli or the morphological description of
structures. Modern biology does not satisfy itself with the successful sequencing
of the human genome because a list of four repeating letters does not reveal a bio-
logical function. Modern biology is much more ambitious. It seeks to understand
how biological and chemical processes work together to make cells and living or-
ganisms |2]. The journey towards this “Holy Grail” of biology depends on our abil-
ity to decipher interconnected cellular networks, mainly by observing molecular
pathways of proteins and other metabolites in living organisms. The ultimate goal
is to know where and when proteins and metabolites are expressed, how and at
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