Contents

Abbreviations . . . . . . . . L XI
Introduction . . . . . . . . . ... 1
Chapter 1. Spectroscopic Properties of Protein Chromophores - . . . . . . . 5
1.1 Basic Principles and Definitions of Light Absorption and Emission Spectroscopy . . . 5
1.I.1 ADbBSOTPHON . . . . . . .. e 5
1.1.2 Emission . . . . . . . . . oo e e e e e e e e e e 8
1.2 Light Absorption by the Amide Chromophore . . . . . . . . . . . . . . .. .. 10
1.3 The Absorption Spectra of Amino Acid Residues and Their Analogs . . . . . . . . 11
1.3.1 Phenylalanine . . . . . . . . . . ..o Y|
132 Tyrosine. . . . . . . o . . .o 14
1.33 Tryptophan . . . . . . . . .. .o 16
1.3.4 Other Protein Chromophores . . . . . . . . . . . . . . ... 21
1.4  Emission Properties of Aromatic Amino Acids . . . . . . . . .. .. ... ... 22
1.41 Phenylalanine . . . . . . . . . ..o 2
1.42 Tyrosine. . . . . . . . . . . ..o 23
1.43 Tryptophan . . . . . . . . . . . .o oo e 24
1.5 Conclusions . . . . . . . . . . ..o e e 26
Chapter 2. Display of Intramolecular and Intermolecular Interactions

in Electronic Spectra of Amino Acids and Proteins - - - - - . . . 27
2.1  Spectroscopic Analysis of the Environmental Polarity and Polarizability Effects . . . . 29
2.2 Spectroscopic Manifestation of the Hydrogen Bond . . . . . . . . . . . . . . .. 34
2.3 Substitution and Charge Effects . . . . . . . . . . ... .00 40
2.4  Charge-Transfer Complexes . . . . . . . . . . . . . . .. ... ... 46
2.5 Broadening of Electronic Spectra . . . . . . . . . . . ... ..o 48
2.6  Excited State Processes . . . . . . . . ... ..o 52
2.6.1 Solvent Relaxation . . . . . . . . . . . . ..o 52
262 Exciplexes . . . . . . . . L L e 54
2.6.3 Excited State Proton Transfer . . . . . . . . . . . . . ... 57
2.6.4 Excited State Electron Transfer. . . . . . . . . . . . e e e 59
2.6.5 On the Nature of the Emitting State of Indole and Tryptophan . . . . . . . . . .. 61
27 Conclusions . . . . . . . .. L e e e e e e e e 63
Chapter 3. Difference Spectra of Proteins - . . . . . . . .. ... ... )
3.1 Informational Significance of Difference Spectra . . . . . . . . . . . . ... .. 64
3.2  Studies of Protein Denaturation . . . . . . . . . . . .. ..o 68
3.3 Functional Transformations and Association of Proteins. . . . . . . . . . . . .. 72

Bibliografische Informationen

digitalisiert durch
http://d-nb.info/860487695



http://d-nb.info/860487695

VIII Contents

3.3.1 Conformational Changes Under Activation of Precursor Proteins . . . . . . . . . . 72
3.3.2 Formation of Enzyme-Substrate and Enzyme-Inhibitor Complexes. Studies on

Mechanisms of Catalytic Activity . . . . . . . . . . . . . . .. ... ... 74
3.3.3 Interaction of Proteins with Small Molecules and Ions. . . . . . . . . . . . . .. 9
3.3.4 Association of Subunits and Formation of Supermolecular Structures . . . . . . . . 80
3.4 Solvent Perturbation Difference Spectra and Studies in Surface Topography

of Protein Molecules . . . . . . . . . . . . . . ... 82
3.5 Protein-Model Difference Spectra. . . . . . . . . . . .. ... ... 88
36 Conclusions . . . . . . ..o e 90

Chapter 4. Thermal Perturbation Difference Spectroscopy and Temperature-
Dependent Conformational Transitions of Proteins . . . . . . . | 91

4.1  Characteristics of Tyrosine, Tryptophan, and Phenylalanine Spectra and Their Origin 92

4.1.1 Quantitative Analysis of the Experimental Data. Account of Correction Factors . . . 92
4.1.2 TPDS of Tryptophan, Tyrosine, and Phenylalanine . . . . . . . . . . . . . . .. 93
4.1.3  Origin of Thermal Perturbation Difference Spectra . . . . . . . . . . . . . . .. 95
4.14 On the Nature of Longwave Shift with the Temperature Rise. . . . . . . . . . .. 98
42  Studies of Thermal Perturbation of Tyrosine, Tryptophan, and Phenylalanine Residues

mProteins. . . . . . . ..o 101
42.1 Dropin Intensity of TPDS. . . . . . . . . . . . ..o 102
42.2 Longwave Shift of TPDS Maxima . . . . . . . . . . . . . . .. .. ... .. 106
42.3 Absence of Tyrosine Maxima at 287-289nm . . . . . . . . . . . . . . .. . .. 110
42.4 Presence of TPDS Maxima in the Region of 300-307nm . . . . . . . . . . . .. 110
4.3  TPDS and Protein Conformational Transitions Depending on Temperature

and pHof the Medium . . . . . . . . . . . .o 114
44 Conclusions . . . . . . . . ..o o 119

Chapter 5. Derivative Spectroscopy of Aromatic Amino Acids and Proteins . 121

51 TheTheoretical Grounds . . . . . . . . . . . . . .. oL 121
5.2 Derivative Spectra of Tryptophan, Tyrosine, and Phenylalanine. . . . . . . . . . . 124
5.3  Influence of Solvents on the Derivative Spectra of Aromatic Amino Acids . . . . . 125
5.4  Analysis of Chromophore Environment in Proteins . . . . . . . . . . . .. ... 127
5.4.1 The State of Phenvlalanine Residues . . . . . . . . . . . . . . ... ... .. 127
5.4.2 The State of Tyrosine and Tryptophan . . . . . . . . . . . . ... ... ... 128
5.5  Studies of Conformational Transitions in Proteins. Difference-Derivative Spectroscopy 129
5.6  Studies on Broadening of Absorption Spectra . . . . . . . . . . .. ... ... 132
57 Conclusions . . . . . . . ..o Lo e e 135
Chapter 6. Spectrophotometric Titration of Proteins - - - - . . . . . . .. .. 137
6.1  The Spectrophotometric Titration Method . . . . . . . . . . . . .. .. .. .. 137
6.2  Titration of Tyrosine Residues at AlkalinepH . . . . . . . . .. .. ... ... 140
63 Conclusions . . . . . . . . ... e 144
Chapter 7. Fluorescence Molecular Relaxation Spectroscopy . . . . . . . . . 145
7.1  Relaxational Shift of the Fluorescence Spectra . . . . . . . . . . .. . . .. .. 147
7.2 Time-Resolved Spectroscopy . . . . . . . . . . . . ..o 154

7.3 Edge Excitation Fluorescence Spectroscopy . . . . . . . . . . . . . . . . . .. 158



Contents IX

7.3.1 Physical Principles . . . . . . . . . . . ... 158
7.3.2 The Effect of Selective Excitation on Fluorescence Spectra of Indole and Tryptophan 164
7.3.3 The Structural Relaxation of Indolic Chromophore in Proteins . . . . . . . . . . . 166
74  Conclusions . . . . . . . . . .. e e e e e e e e 172
Chapter 8. Fluorescence Quenching - - - - - - - - - - -« .. ... .. 173
8.1 Effects of External Diffusional Quenchers . . . . . . . . . . . . . . .. .. .. 173
8.2  Quenching by Protein Internal Groups and Its Temperature Dependence . . . . . . 179
83 Conclusions . . . . . . . ..o s e e 181
Chapter 9. Nonradiative Transfer of Electronic Excitation Energy - - - . . . 183
91 General Theory . . . . . . . . . . . . e 183
9.2 The Effect of Inhomogeneous Broadening of Spectra and Molecular Relaxation

on the Nonradiative Transfer of Energy . . . . . . . . . . . . . . . .. .. .. 186
9.3  The Energy Transfer Between Aromatic Amino Acid Residues in Proteins . . . . . . 192
94 Conclusions . . . . . . . . .. L e e e e 197
Chapter 10. Fluorescence Polarization and Rotational Mobility - - - - . . . . 198
10.1 The Method of Fluorescence Depolarization . . . . . . . . . . . . . . . . ... 198
10.2 The Effect of Dipolar-Reorientational Relaxation on Rotational Depolarization

of Fluorescence. . . . . . . . . . . . . .. oo 201
10.3  Intramolecular Mobility in Proteins as Estimated by Data on Fluorescence Polarization 204
104 Conclusions . . . . . . . . . ... e e e e 207
Chapter 11. Intrinsic Phosphorescence of Proteins - - - - . . . . . . . .. .. 208
11.1  General Mechanisms of Phosphorescence . . . . . . . . . . . . . . ... ... 208
11.1.1 The Principle of the Method . . . . . . . . . . . . .. e e e e 208
11.1.2 Inhomogeneous Broadening and Molecular Relaxations in Spectroscopy of the

Triplet State . . . . . . . . . .. 210
11.1.3 Indole and Tryptophan Phosphorescence . . . . . . . . . . . .. . ... ... 212
11.2  Phosphorescence Assay of Protein Structures. . . . . . . . . . . . . ... ... 214
11.2.1 Low-Temperature Phosphorescence . . . . . . . . . . . . . . . . . . . .. .. 214
11.2.2 Temperature Dependence of Phosphorescence Parameters . . . . . . . . . . . .. 215
11.2.3 Phosphorescence of Proteins and Membranes at Room Temperature . . . . . . . . 217
11.2.4 Phosphorescence and Optically Detected Magnetic Resonance . . . . . . . . . .. 220
1.3 Conclusions . . . . . . . . . . . ... e e e e s 221
Chapter 12. Employment of Ultraviolet Spectroscopy in Analytical Chemistry

of Proteins . . . . . . . . . .. ... ... 222

12.1 A Method for the Quantitative Spectroscopic Determination of Protein Concentration 222
12.1.1 Determination of Protein Concentration in the 280 nm Region . . . . . . . . . . . 222
12.1.2 Determination of Protein Concentration in the Far-Ultraviolet Region . . . . . . . . 225
12.1.3 Determination of Protein Concentration in the Presence of Other Light-Absorbing

Substances. . . . . . . . .. oL Lo 227
12.2  Determination of Tryptophan, Tyrosine, and Phenylalanine Content in Proteins . . . . 227

12.2.1 Determination of Tyrosine and Tryptophan Concentration by Absorption Spectra . . 228



X Contents

12.2.2 Determination of Tyrosine, Tryptophan, and Phenylalanine by Use of Derivatives

of the Absorption Spectrum . . . . . . . . . . . . .. .. ... FE 229
12.2.3 Employment of the Method of Difference and Thermal Perturbation Difference Spectra 233
12.2.4 Fluorescence Spectroscopic Tryptophan and Tyrosine Assay . . . . . . . . . . . . 234
12.3  Spectroscopic Studies of Peptide Bond Splitting in Protein Hydrolysis . . . . . . . . 235
12.4  Study of the Modification and Oxidation of Chromophore Groups . . . . . . . . . 236
12.5 Hydrogen-Deuterium Exchange in Peptides and Proteins. . . . . . . . . . . . .. 238
126 Conclusions . . . . . . . . . ... 0L oL 239
Chapter 13. Experimental Technique in Protein Spectroscopy . . . . . . . . . 241
13.1 Spectrophotometric Analysis . . . . . . . . . . . . .o 241
13.1.1 Spectrophotometers, Their Main Characteristics and Calibration . . . . . . . . . . 241
13.1.2 Peculiarities of Recording the Difference Spectra of Proteins . . . . . . . . . . . . 244
13.1.3 Difference Spectra of Protein Preparations Differing in Initial Concentration . . . . . 247
13.1.4 The Recording of Derivative Spectra . . . . . . . . . . . . . . . . . ... .. 251
13.1.5 Turbidity of Protein Preparation and Possibilities of Its Account . . . . . . . . . . 252
132 Technique of Luminescence Studies . . . . . . . . . . . . . ... 255
13.2.1 Steady State Spectra of Excitation and Fluorescence . . . . . . . . . . . . . .. 255
13.2.2 Technique of Polarization Measurements . . . . . . . . . . . . . . . . . . .. 256
13.2.3 Technique of Time-Resolved Fluorimetry . . . . . . . . . . . . . . . ... .. 258
13.2.4 Technique of Phosphorescence Studies . . . . . . . . . . .. .. . ... ... 260
13.3 Multiparametric Detection and Analysis of Spectroscopic Data . . . . . . . . . . . 260
134 Conclusions . . . . . . . . . o e e e e e e e e e e e 261
Chapter 14. General Conclusions and Prospects . . . . . . . .. . . ... .. 263
14.1 Advantages and Limitations of Molecular Probe Methods . . . . . . . . . . . . . 263
14.2 The Comparative Analysis of UV-Spectroscopic Information and the Data

of X-Ray Diffraction Analysisand NMR . . . . . . . . . . . ... ... ... 267
14.3 The Spectroscopic Manifestation of the Dynamic Nature of Proteins . . . . . . . . 272
14.3.1 Distribution of Microstates . . . . . . . . . . ... e e e e 272
14.3.2 Analysis of the Dynamics by Emission Spectrscopy . . . . . . . . . . . . . . .. 273
14.3.3 Conformational Dynamics and Functional Properties of Proteins . . . . . . . . . . 275
144 Subject and Method in Protein Spectroscopy . . . . . . . . . . ... ... 277
References. . . . . . . . . . . . L 279

Subject Index . . . . . . . . ... 307



