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Abbe's equation 224
 
absorbance oflight 15
 
absorption spectroscopy 7-9
 
absorption spectrum, of f1uorophore
 

MR121 11
 
acceptor absorbance 148, 149, 158, 159, 161
 
acousto-optic tunable filters (AOTFs) 89
 
acyl azides 64
 
adenosine triphosphate binding 67
 
Aequorea Victoria 76
 
Alexa derivatives 43
 
Alexa dyes 40
 
Alexa Fluor 594, 65
 
aliphatic amines 62
 
allophycocyanin 33
 
alternating laser excitation (ALEX) 160,
 

161
 
ambiphilic polymers 55
 
amine alcylation 64
 
Angstrom-scale structural 260
 
Anthozoa species 78
 
antibunching 122-124
 
antisense oligonucleotides 71
 
AOTFs. see acousto-optic tunable filters
 

(AOTFs)
 
arginine-rich peptides 71
 
aromatic amines 62, 64
 
aromatic amino acids 31
 
- molecular structures 32
 
ATP-hydrolysis 263
 
ATIO dyes 40, 234
 
autocorrelation functions 118
 
autofluorescence 50, 51, 79, 87
 
autofluorescent impurities 87
 
automated DNA sequencing 35
 
avalanchephotodiodes 87
 
aziridines 65, 67
 

b 
back-rotation operator 130
 
bathochromic shift 1, 2
 
biarsenical f1uorophores 73, 80
 
biliprotein photosensors 34
 
bioconjugation chemistry 68
 
biologically compatible NCs 76
 
biotin/streptavidin binding 80
 
- on paramagnetic beads 214
 
biotinylated biomolecules 55
 
- assembling of water soluble quantum dots
 

carrying streptavidin layer 55
 
bis-functional cysteine reactive
 

f1uorophores 67
 
Bodipy dyes 48
 
Boltzmann-distribution 15
 
bovine serum albumine (BSA) layer 247
 
B-phycoerythrin 34
 
breast cancer 213
 
bungarotoxin 74·
 

c 
carbodiimide 62
 
carbopyronin dyes 47,87
 
carborhodamine dyes 47
 
carboxamides 61
 
carboxylate-containing f1uorophore 62
 
CdSe nanocrystals 52
 
- absorption and emission spectra of 54
 
charge-coupled device (CCO) 220
 
chlorophyll a fluorescence 33
 
cholesterol oxidase
 
- kinetics of 249
 
- single-turnover study of 250, 255
 
colloidal nanocrystals 53
 
colocalization methods 220
 
complementary f1uorophore-maleimide 68
 
confocal fluorescence microscopy 87
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conformational dynamics 259, 260 - fluctuations 259 FLCS. see fluorescence lif 

conjugated system 3 - fluorescence intensity time traces, data spectroscopy (Fl.CS) 

coumarin dyes 38 analysis of flow cytometry 51 

cross-correlation function 118 - - autocorrelation analysis 267 fluctuating enzyme modE 

CUlvularia verruculosa bromoperoxidase - threshold method 266-267 fluorescein 36, 40 

253 - individual 243 fluorescein isocyanate 

cyanine derivatives - single-enzyme mechanisms, shedding fluorescein labeled polya 

- molecular structures of 44 light'on ~·heptaarginines 72 

- spectroscopic characteristics 45 - MM-model 263 fluorescence 

cyanine dyes 5, 43, 46 -- molecular motor enzymes on actin - of 7-aminocoumarins 

- molecular oxygen 89 filaments 263 - anisotropy 27-29, 67, 

- n-electron cloud 3 - phospholipid bilayers, lipase-catalyzed - and competing process< 

- resonance hybrid, limiting structures of 3 hydrolysis of 263-265 - DNA-hairpin 211 

cyanobacteria 33 - single-enzyme studies - efficiency 36, 37, 42, ' 

Cy3B - classical Michaelis-Menten model -  of infrared dyes 43 

- exhibits fluorescence quantum yield 46 255-259 -  of xanthene dyes 41 

- cis-trans isomerization 46 - single enzyme assays 244-248 - emission 1, 14,20, 24 

Cy5 dye molecules 46 - single-turnover experiments 248-255 223,226,228,230,234 

cysteine 65, 67, 73 - single-molecule DNA sequencing - impurities 43 

260-263 - intensity 3,23, 33, 71, 

d - single-turnover sensitivity 260 175,177,197,212,225 

degree oflabeling (DOL) 232 - waiting times, 2D-correlation plot of 259 - intermittencies complic 

deuterium 36 enzyme-catalyzed reactions 242 imaging 88 

D-galactal inhibitor 248 enzyme kinetics 263 - lifetime of xanthene de 

dielectric relaxation 21 enzyme-linked immunosorbent assay - markers 

7-diethylaminocoumarin-3-acetic acid 38 (ELISA) 212 - in DNA sequencing 

dihydrorhodamine, oxidation of 251 enzyme populations, heterogeneities 241 - in immunoassays M 

dimethylcadmium (Me2Cd) 54 eosin 37 - probes 71 

direct stochastic reconstruction microscopy epidermal growth factor (EGF) 69 - proteins 79 

(dSTORM) 234-237 equilibrium constant 12 -  limitations 79 

dithiofluorescein 37 Escherichia coli dihydrofolate reductase - quantum yields 40, 8l 

dithiothreitol (DTI) 65, 90 (eDHFR) fusion proteins 74 -  carbopyronin derivati' 

DLS. see dynamic light scattering (DLS) ethylenediamine 65 - Cy3B exhibiting 46 

DNA sequencing eukaryotic algae 33 -- FlAsH 73 

- single molecule 260-263 Euler angles 125, 126 - of f1avins 32 

donor excitation 88, 158, 159 excitation 25, 27, 28 -  fluorescein derivative: 

double-strand DNA (ds-DNA) - coefficient 10 -  and lifetime 22-27 

- hydrolysis of 254 - fluorophores 147 -  organic dyes 36 

DRONPA molecules 79 excited state energy transfer 147-183 - phycobiliproteins 3

dual-focus FCS 111-122 y-exonuclease -  for tryptophan 31 

dynamic light scattering (0LS) 103 - time-resolved activity study of 256 -  various red·absorbinl 

dynamic saturation optical microscopy dyes 47 

(DSOM) 225 f - various xanthene der 

femtoliter chambers - quenching 37 

e - ~-D-galactosidase activity, wide-field image -  of dye labeled to 3'-, 

electromagnetic spectrum 1-3 of 247 -  efficiency 39 

electronic polarization 20 - fabrication process of 246 -  interactions by Trp rt 

electron microscopy (EM) 73 -loading of 247 -  intramolecular 198 

electron transfer (E1) 254 FlAsH f1uorophores 80 -  of long-lifetime fluO! 

ELISA. see enzyme-linked immunosorbent flavin adenine dinucleotide (FAD) 31-33 - ofMR121 208 

assay (ELISA) flavin cofactors 32 - by PET 189-192 

enzymatic activity 260 flavin mononucleotide (FMN) 32, 33 - of rhodamine 209 

- biochemical principles of 242, 243 f1avoenzymes 32 - - synthesisofpeptide e 

- conformational dynamics 258-260 f1avoproteins 32 - signal fluctuations 9 
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FLCS. see fluorescence lifetime correlation 
spectroscopy (FLCS) 

flow cytometry 51
 
fluctuating enzyme model 257
 
fluorescein 36, 40
 
fluorescein isocyanate 36
 
fluorescein labeled polycationic
 

~-heptaarginines 72
 
fluorescence
 
- of 7-aminocoumarins 38
 
- anisotropy 27-29,67, 156
 
- and competing processes 17-20
 
- DNA-hairpin 211
 
- efficiency 36, 37,42,43
 
- - of infrared dyes 43
 
-- of xanthene dyes 41
 
- emission 1,14,20,24,28,86,197,204,
 

223,226,228,230,234
 
- impurities 43
 
- intensity 3,23,33,71,79,93,96,104, 110,
 

175,177,197,212,225,247,262,266
 
- intermittencies complicate fluorescence
 

imaging 88
 
- lifetime of xanthene derivatives 48
 
- markers 
-- in DNA sequencing 40
 
-- in immunoassays 40
 
- probes 71
 
- proteins 79
 
- - limitations 79
 
- quantum yields 40, 86
 
- - carbopyronin derivatives exhibiting 48
 
-- Cy3B exhibiting 46
 
-- FlAsH 73
 
-- of flavins 32
 
- - fluorescein derivatives 37
 
-- and lifetime 22-27
 
- - organic dyes 36
 
-- phycobiliproteins 34
 
-- for tryptophan 31
 
-- various red-absorbing and emitting
 

dyes 47
 
- - various xanthene derivatives in 42
 
- quenching 37
 
-- of dye labeled to 3'-end 211
 
- - efficiency 39
 
- - interactions by Trp residue 206, 207
 
- - intramolecular 198
 
- - oflong-lifetime fluorescence probes 205
 
-- of MR121 208
 
-- by PET 189-192
 
-- of rhodamine 209
 
- - synthesis ofpeptide epitopes based on 212
 
- signal fluctuations 93
 

- transients of ATT0647N labeled double-

stranded DNA immobilized in 90
 

fluorescence correlation spectroscopy
 
(FCS) 34,93-143
 

- advantages 98
 
- autocorrelation function 94
 
- - calculation 100, 101
 
- data acquisition and evaluation 99-103
 
- detected fluorescence intensity 94
 
- dual-focus 111-122
 
- fluorescence fluctuations, concentration
 

dependence of 96
 
- for measuring diffusion coefficients 103
 
- optical set-up, for FCS measurements 99
 
- physical meaning of autocorrelation 94
 
- second-order correlation function 94
 
- single-focus 104-111
 
- software correlation algorithm,
 

visualization 101-103
 
- temporal decay of g(l:) 95
 
- typical anatomy of 97
 
fluorescence emission 1, 226
 
fluorescence fluctuation spectroscopy
 

(FFS) 93
 
fluorescence imaging, super-resolution
 

219--237
 
- multi-photon microscopy 221-223
 
- optical microscopy, diffraction barrier
 

of 219,220 
- single-molecule based photoswitching 

microscopy methods 226-229
 
- - principles of 229--236
 
- stimulated emission depletion
 

(STED) 223-225
 
- structured illumination microscopy
 

221-223
 
- temporal resolution of 236, 237
 
fluorescence imaging with one nanometer
 

accuracy (FIONA) 226
 
fluorescence in vivo hybridization (FIYH) 69
 
fluorescence labeling
 
- in living cells 69-80
 
- - efficient fluorescence quenching via
 

PET 80
 
-- fluorescence image of3T3 mouse fibroblast
 

cells treated with 72
 
- - fluorescence in vivo hybridization
 

(FIYH) 69
 
-- fluorescence signals observed in pipette
 

70
 
- - gene detection experiments in living
 

cells 71
 
- - to improve maturation properties and
 

reducing aggregation 78
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-- label proteins in vivo 76, 77
 
-- microinjection technique 69,70
 
-- photobleaching of natural/artificial
 

fluorophores 76
 
-- purification of proteins Strep-tag
 

strategies 74
 
- - strategy of protein labeling in 75
 
-- tetracysteine-biarsenical system 73,74
 
-- use ofTMP-eDHFR 74
 
- in vitro 61-69
 
fluorescence lifetime correlation spectroscopy 

(FLCS) 100, 135-143
 
- brightness ratio 141
 
- covariance matrix 138
 
- cross-correlation (CCF) functions 137,
 

138, 140
 
- Cy5-labeled protein streptavidin,
 

measurements 141
 
-- ACFs and CCFs 142
 
-- measured TCSPC curve 142
 
- dye-protein complex, four-state model
 

for 139
 
- eigenvalues 141
 
- fluorescence decay-specific auto-(ACF)
 

function 137, 138, 140
 
- intensity signal lj 137
 
fluorescence microscopes 219, 254
 
- confocal 262
 
- wide-field 244
 
fluorescence photoactivation localization
 

microscopy (FPALM) 228
 
fluorescence quenching 212
 
fluorescence resonance energy transfer
 

(FRET) 37, 51, 77, 85, 147, 154, 189,
 
254, 260
 

- acceptor fluorophore for 68
 
- applications (see FRET-based molecular
 

biosensors) 
- depolarization 
- - advantage ofdepolarization measurements 

over 157
 
-- fluorescence anisotropy (A), decrease
 

in 156
 
-- homo-FRET and FRET-induced 154,
 

156. 157
 
- - polarization anisotropy 157
 
- - types of FRET transitions 155
 
- efficiency 88
 
- mechanism. and mathematical
 

formalism 148
 
- - electronic coupling, promoting energy
 

transfer 143
 
- - factor y detector correction factor 150
 
-- Forster radius Ro 149. 151
 

-- FRETefficiency E 149-151,153
 
-- orientation factor e 149
 
-- rate (kPRET) 148
 
- single-molecule observation of 168
 
-- hairpin ribozyme dynamics. and
 

activity 179. 180
 
-- light-harvesting systems 168-180
 
-- protein (un)folding and dynamics
 

180-183
 
- spin rules 154
 
fluorescence signal. on excitation
 

intensity 221
 
fluorescence spectroscopy 12
 
- fluorophores 1
 
- single-molecule 200
 
fluorescent labels 35.51
 
- oligonucleotides 70
 
fluorophore-NHS ester 65
 
fluorophor~uencher system
 
- electron transfer (ET) studies of 260
 
fluorophores 1.27.28
 
- classes 38-49
 
- coupling reactions to amino/thiol
 

groups 68
 
- dimerization 9-12
 
- emission of 226
 
- energy differences 3
 
- exhibiting high triplet quantum yield 88
 
- light, absorption of 3
 
- modifications 64
 
- Onsager radius of 21
 
- photochemical stability of 3
 
- polymethine dyes 3
 
- to protein molar ratios 67
 
- reaction of sulfonly chloride modified
 

64
 
- two-dimensional diffusion coefficient of
 

the 78
 
Forster mechanism 154
 
Forster type energy transfer 148
 
Franck-Condon principle 12-15
 
FRET. see fluorescence resonance energy
 

transfer (FRET)
 
FRET-based molecular biosensors 162-168
 
- ECFP-EYFP cameleon 164
 
- first order polyphenylene dendrimer 166
 
-- anisotropy decay curves 165
 
- - fitting parameters of anisotropy decay
 

curves 166, 167
 
- for probing enteroviral infection 164
 
- for probing methyitTansferase activity
 

163
 
functional xanthene derivatives, for biological
 

labeling 43
 

g
 
~-galactosidase molecules
 
gas constant 29
 
Gaussian distributions
 
Gaussian fit 230
 
glucose oxidase 89
 
glutathione 89, 90
 
glycine 61
 
green fluorescent protein 

76,77 
- like fluorescent protein 
ground-state depletion fol 

molecule return (GSDI 

h 
H-aggregates 10
 
hapten-fluorophore conjt
 
HeLa cells 71
 
helium:neon laser 34
 
hexamethyldisilathiane
 
highest occupied molecul
 

(HOMO) 2
 
histidine 65
 
hole-burning 17
 
homobifunctional rhodan
 
horseradish peroxidase. c
 

251
 
human 06-alkylguanine.I 

(hAGT) 74
 
hybridization 71
 
hybrid systems 73
 
hydrolysis of 6-hydroxyftt 

(6HFG) 244
 
p-hydroxybenzylideneirni, 
N-hydroxysulfosuccinimi, 

; 
immunofluorescence 3' 
- fluorescein isocyanate 
- limitations 72
 
immunofluorescent label 

cancermarkers 55
 
immunolabeling 71
 
individual enzymes, sin! 

in 255
 
inelastic scattering 43
 
interferometric arranger 
- alignment of 228
 
- operating principle of 
in vitro fluorescence labl 
in vivo fluorescence labe 
iodoacetamides 65
 
isocyanate 36
 
isomerization 34
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g 
~-galactosidase molecules 69
 
gas constant 29
 
Gaussian distributions 115, 266
 
Gaussian fit 230
 
glucose oxidase 89
 
glutathione 89, 90
 
glycine 61
 
green fluorescent protein (G FP) 35,
 

76,77
 
-like fluorescent protein DRONPA 79
 
ground-state depletion followed by individual
 

molecule return (GSDIM) 228
 

h 
H-aggregates 10
 
hapten-fluorophore conjugates 74
 
HeLa cells 71
 
helium:neon laser 34
 
hexamethyldisilathiane 54
 
highest occupied molecular orbital
 

(HOMO) 2
 
histidine 65
 
hole-burning 17
 
homobifunctional rhodamine derivatives 67
 
horseradish peroxidase, catalytic cycle of
 

251
 
human 0 6-alkylguanine-DNAalkyltransferase
 

(hAGT) 74
 
hybridization 71
 
hybrid systems 73
 
hydrolysis of 6-hydroxyfluoran-[3-D-galactose
 

(6HFG) 244
 
p-hydroxybenzylideneimidazolinone 76
 
N-hydroxysulfosuccinimide 62
 

; 
immunofluorescence 36, 51
 
- fluorescein isocyanate 36
 
- limitations 72
 
immunofluorescent labeling of
 

cancermarkers 55
 
immunolabeling 71
 
individual enzymes, single-turnover counting
 

in 255
 
inelastic scattering 43
 
interferometric arrangement
 
- alignment of 228
 
- operating principle of 229
 
in vitro fluorescence labeling 61-69
 
in vivo fluorescence labeling 76
 
iodoacetamides 65
 
isocyanate 36
 
isomerization 34
 

- cis-trans isomerization 44, 121
 
isosbestic points 10
 
isothiocyanates 36, 64
 

j 
J-type aggregates 10
 

I
 
Lambert-Beer law 7, 8
 
laser-induced fluorescence 34
 
lens-based microscope 219
 
light
 
- blurred spot 219
 
- emission 15
 
- intensity 8
 
- scattering 9
 
linkers 61, 64
 
lipolytic enzymes 264
 
live cell applications 225
 
live-cell imaging 237
 
live cell super-resolution imaging 228
 
living cell 77, 79
 
lowest unoccupied molecular orbital
 

(LUMO) 2
 

lysine 62, 64, 67
 

m 
magic angle 28
 
maleic anhydride 65
 
maleimide reactions 65
 
mammalian cells
 
- AGT deficient cell lines 74
 
- cytoskeletal network of
 
-- super-resolution imaging 235
 
- microtubular network of 222
 
- nuclear periphery of 221
 
- protein labeling 275
 
maximum likelihood estimator (MLE) 27
 
l3-mercaptoethanol 65, 89
 
l3-mercaptoethylamine 46,89,90
 
mesomeric forms of coumarin 38
 
mesomeric structures of xanthene dyes 40
 
metal ion chelating nitrilotriacetate 74
 
methionine 67
 
7-methylguanosine 32
 
7-methylinosine 32
 
Michaelis-Menten model 242, 243
 
micropipettes 70
 
Moire fringes 221
 
molar extinction coefficients
 
- of cyanine derivatives 44
 
molecular motor enzymes 263
 
molecular optical switches 227
 
molecular oxygen 89
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molecule detection function (MDF) 99, 129,
 
140
 

monoexponential MLE-algorithm 27
 
monomeric photoactivatable PA-GFPs 79
 
multichromophoric dendrimers 51
 
multichromophoric labels 49-51
 
multiexponential anisotropy decays 28
 
multi-photon absorption
 
- of semiconductor quantum dots 222
 
multi-photon microscopy 212
 
myosin 67
 
myosin, single-turnover study of 249
 
myosin enzymes 263
 

n 
nanocrystals (NCs) 52-56,76
 
- biocompatibility 55
 
- CdSe 52
 
- colloidal 53
 
- hydrophobic 55
 
- semiconductor 52
 
-- light-emitting 76
 
- water-soluble 56
 
nanodots 56
 
nanometer resolution 220
 
natural fluorophores 31-35
 
near-infrared (NIR) dyes for bioanalytical
 

applications 43
 
near-infrared fluorescence 43
 
N-hydroxysuccinimide (NHS) esters 62
 
nicotinamide adenine dinucleotide
 

(NADH) 31,32
 
Ni-NTA-functionalized fluorophores 74
 
NPHI gene 35
 
nucleic acids 31
 
nucleotides 31
 
Nyquist-Shannon sampling theorem 230,
 

231
 

o
 
06-alkylguanine-DNAalkyltransferase 74
 
06-benzylguanine (BG) derivative 74
 
~-oligoarginines 71
 
oligonucleotides 64
 
one-photon excitation (OPE) 39
 
optical microscopy, diffraction barrier for 220
 
organic dye-based FRET pairs 152
 
organic fluorescent dyes 35
 
organic fluorophores 35, 71, 74, 232
 
orientational polarization 21
 
oxazine dyes 12, 38
 
- Atto655 122
 
- DNA-hairpins 211
 
- molecular structures 45
 

- MR121 and ATT0655 exhibit 204
 
- Trp 205
 
- with tryptophan 12
 
oxygen-scavenging system 89
 

p 
I-palmitoyl-2-oleoyl-sn-glycero-3

phosphocholine (POPC)
 
- enzymatic digestion of 264
 
n-paraffins 15
 
Pauli's exclusion principle 4
 
- ad hoc invocation of 4
 
p53-autoantibodies
 
- detection 212
 
- peptide-based PET biosensor 213
 
ll-bonds 1
 
pectiniidae 79
 
ll-electrons 3
 
- distribution in chromophore 40
 
- electronic structure 4
 
peptidomimetics 71
 
perylene dyes perylenetetracarboxdiimide
 

(PDI) 49
 
perylenetetracarboxdiimide (PDI) 48
 
phenolphthalein 36
 
phenylalanine 31
 
phenyl rings 36
 
phosphate-buffered saline (PBS) 46
 
phospholipid layers
 
- hydrolysis of 265
 
photoactivated localization microscopy
 

(PALM) 228
 
photobleached fluorophores 74
 
photobleaching 40, 78, 88, 89
 
- of common organic fluorophores 86
 
-- photophysical model 86
 
- fluorescence recovery after 78
 
- of natural or artificial fluorophores 76
 
photochemical decomposition 1
 
photodestruction 88
 
photoinduced electron transfer (PET) 37, 39,
 

80,85,189-214
 
- based quenching method
 
-- sensitivity of 212
 
- single-molecule sensitive fluorescence
 

sensors 199-202
 
photoionization 88
 
photolabeling 79
 
photoluminescence lifetimes 56
 
photoluminescence quantum yields 54
 
photon absorption 55
 
photon antibunching 97
 
photons 27
 
photooxidation 88, 89
 

.1 

photoswitchable f1uoroph 
photoswitching process 
- microscopy, single-mole 

226-229
 
phycobiliproteins 33, 51
 
- spectroscopic characteri
 
phycobilisomes 33
 
phycocyanins 33
 
phycocyanobilin 33
 
phycoerythrins 33
 
phycoerythrobilin chrom4
 
phytochromes 34
 
phytofluors 34
 
4Pi microscopy 221
 
Planek relationship 5
 
point-spread function (P!
 
polydimethylsiloxane (P[
 
polyrnethine dyes 3,43
 
polypeptides 64
 
poly(vinly alcohol) (PVA)
 
probability density functi
 
- stretched exponential
 
- of waiting times 257,
 
proteases/nucleases, dete
 
- PET-quenched probes
 
protein-coding DNA 69
 
protein~ye complex 1:
 
protein-protein interacti.
 
proteins 31, 34, 79
 
- 15N_spin relaxation 2~
 

proteolytic degradation
 
pseudobase 48
 
pseudoisocyanine (PIC)
 
puromycin 69
 
pyronin 46
 
pyronin chromophore
 

q 
quantum dots (QDs) 5
 
quantum dot triexciton i
 
- using QDot655 223
 

r 
Raman scattering 43, I
 
Rayleigh scattering 43
 
recombinant proteins
 
red-absorbing f1uorophc
 
red-absorbing organic fl
 
red-absorbing xanthene
 
red fluorescent proteins
 
red-shift 21
 
- absorption spectrum
 
- energy trapping 154
 
- excitation energy 17
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photoswitchable fluorophores 228
 
photoswitching process 228, 237
 
- microscopy, single-molecule based
 

226--229
 
phycobiliproteins 33, 51
 
- spectroscopic characteristics 34
 
phycobilisomes 33
 
phycocyanins 33
 
phycocyanobilin 33
 
phycoerythrins 33
 
phycoerythrobilin chromophores 33
 
phytochromes 34
 
phytofluors 34
 
4Pi microscopy 221
 
Planck relationship 5
 
point-spread function (PSF) 219
 
polydimethylsiloxane (PDMS) 246
 
polymethine dyes 3, 43
 
polypeptides 64
 
poly(vinly alcohol) (PVA) 79,232
 
probability density function (pdf)
 
- stretched exponential 258
 
- of waiting times 257,258
 
proteases/nucleases, detection of
 
- PET-quenched probes 214
 
protein-coding DNA 69
 
protein-dye complex 130
 
protein-protein interactions 28
 
proteins 31, 34, 79
 
- l5N_spin relaxation 259
 
proteolytic degradation 71
 
pseudobase 48
 
pseudoisocyanine (PIC) 9
 
puromycin 69
 
pyronin 46
 
pyronin chromophore 46
 

q 
quantum dots (QDs) 53
 
quantum dot triexciton imaging (QDTI) 222
 
- using QDot655 223
 

r 
Raman scattering 43, 87
 
Rayleigh scattering 43, 87
 
recombinant proteins 69
 
red-absorbing fluorophores 43
 
red-absorbing organic fluorophores 79
 
red-absorbing xanthene derivatives 48
 
red fluorescent proteins (RFPs) 77
 
red-shift 21
 
- absorption spectrum 191
 
- energy trapping 154
 
- excitation energy 170
 

- fluorescent protein DsRed 78
 
reducing and oxidizing system (ROXS) 90,
 

91,233
 
refractive index 21
 
resonance energy transfer (RET) dyes 31,
 

51
 
rhodamine 101 41
 
rhodamine B 41
 
rhodamine derivative JA 22 48
 
rhodamine dyes 12, 38, 42, 46
 
- enzyme action 245
 
- molecular structures 41
 
- a-carboxyl group 42
 
- photobleaching yield of 39
 
riboflavin 32
 
rosamines 42
 
rotational diffusion 125-135
 
- back-rotation Q 130
 
- coefficient
 
- - on ellipsoid eccentricity, dependence
 

135
 
- - and hydrodynamic radius 125
 
- - for oblate ellipsoid of rotation with 134
 
- correlation functions for globular
 

protein 132, 133
 
- depolarization effects 131
 
- eigenfunctions 128
 
-- of angular momentum operator 127
 
- Euler angles 126, 128
 
- and fluorescence lifetime 129
 
- Green's function 129
 
- molecule detection function (MDF) 129,
 

130
 
- orthogonal emission polarizations 131
 
- spherical harmonics Ylm(~,CX) 130
 
- Stokes-Einstein-Debye equation 125
 
- Wigner's rotation matrices 127
 

s
 
Scheibe-type aggregates 10
 
Schroedinger equation 4
 
cr-electrons 1
 
Shpolski effect 15
 
signal-to-noise ratios (SN R) 50, 266
 
single a-chymotrypsin enzyme, spontaneous
 

deactivation of 253
 
single-enzyme activity 241
 
single-enzymes assays
 
- capillary electrophoresis 245, 246
 
- electrophoretic assays of 245
 
- femtoliter chambers 246, 247
 
- femtoliter wells etched, in optical fiber
 

bundles 247, 248
 
- water-in-oil emulsions 244, 245
 

~!........ 
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- without single-turnover sensitivity 248
 
single-focus FCS 104-111
 
single-molecule based photoswitching
 

methods 229
 
single-molecule DNA sequencing
 
- scheme of 261
 
single-molecule enzymology 267
 
single-molecule fluorescence microscopy 263
 
single molecule fluorescence spectroscopy
 

(SMFS) 31.79,85,86.90,213,244
 
- of oligonucleotides labeled with 90
 
single molecule real time (SMRT) sequencing
 
- of oligonucleotides labeled 90
 
- principle of 262
 
- selection criteria for fluorophores 22
 
- in vivo reporter 78
 
single-molecule sensitive optical techniques
 

87
 
single-molecule spectroscopy (SMS) 16
 
single-molecule techniques 85, 183
 
single pair fluorescence resonance energy
 

transfer (sp-FRET) 46
 
- experimental approach 157
 
- - alternating-laser excitation (ALEX) 160,
 

161
 
-- single-laser excitation 157-160
 
singlephoton avalanche diode (SPAD) 98
 
single-turnover experiments
 
- BCECF-AM, CALB-catalyzed hydrolysis
 

of 252
 
- I)-a-galactosidase 252
 
- kinetic scheme, ON-OFF representation
 

of 251
 
single-turnover resolved activity 268
 
single-turnover time resolution 241
 
small organic fluorophores 28. 90
 
solid-phase peptide synthesis 68
 
solvatochroism 20, 21
 
solvent polarity 21
 
solvent relaxation 20
 
spectroscopic characteristics 193
 
- for ATIO 725 and 4 ns for ATIO 590 or
 

JA 2247
 
- cyanine derivatives 45
 
- depending on coupling position 68
 
- fluorescent protein 78
 
- GFP variant 77
 
- photoswitchable proteins 79
 
- prominent phycobiliproteins 34
 
- red-absorbing and emitting dyes 47
 
- xanthene derivatives 42
 
spectroscopic transition strengths 5-7
 
spin--{)rbit coupling 37
 
spin quantum numbers 4
 

stimulated emission depletion (STED) 
microscopy 223
 

- principle of 224
 
- stimulated emission 225
 
stochastic optical reconstruction microscopy
 

(STORM) 228
 
Stokes-Einstein relationship 103
 
Stokes shift 14,20.21. 36, 38.47.48,
 

86, 87
 
- chromophore 48
 
- coumarin derivatives 38
 
- electron distribution changes 20
 
- fluorescein dyes 10,40
 
- fluorescence spectroscopy 86
 
- fluorophores 51
 
- microspheres exhibit 51
 
- solvent polarity 21
 
streptavidin 55
 
streptolysin 0 (SLO) 70
 
structured illumination microscopy
 

(SIM) 222
 
- principle of 221
 
- saturated 222
 
- three-dimensional 222
 
N-succinimidyl esters 36
 
sulfonamides 61
 
sulfo-NHS esters 62
 
sulfonly chloride 64
 
super-resolution optical fluctuation imaging
 

(SOF!) 225
 
symmetrical cyanine dyes 5
 
synthetic oligonucleotides 61
 

t 
tandem dyes 51
 
TAT protein 71
 
terrylenediimide (TDI)
 
- basic molecular structures of 49
 
- derivatives 49
 
- excitation energy. transfer 172
 
tetracysteine-biarsenical system 73
 
tetrafluorophenyl (TFP) esters 64
 
tetramethyl rhodamine (TMR) 260
 
Texas red 74
 
thioether 65
 
thiol coupling reactions 66
 
thiol functional group 64
 
thiol-reactive fluorophore 65
 
thiophosgene 64
 
thioureas 61
 
threshold method 266-267
 
- autocorrelation 267
 
- fluorescence intensity 266
 
- trace analysis 266
 

time-correlated single.phc 
(TCSPC) 27. 137
 

time-resolved fluoresceno
 
time-tagged time-resolved
 
total internal reflection (I
 

249
 
trimethoprim (IMP) den1
 

tri-n-octylphosphine oxide
 
tri-noctylphosphine seleni
 

[(CgH17)JPSe] 54
 
triphenylmethane 48
 

Trolox 91
 
true single molecule sequ
 
tryptophan/tyrosine resid
 

fluorescence of 31
 
two-photon excitation (IF 
tyrosine 31
 

u 
urokinase plasminogen a 

"van der Wals interactiom
 
vitamin B2 32
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