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A-DNA 412
o-helices 30-1
ABTS see 2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate)
AC impedance spectroscopy 201-2, 256
acetylcholinesterase 380, 383
acrylonitrile 327
activation overpotential 361
active transport systems 139
ACV see alternating current voltammetry
adenine derivatives 172
adenosine diphosphate (ADP)
biocompatibility 448
biological membranes 123
structure 5
adenosine triphosphate (ATP)
biological membranes 87, 93, 123, 139, 141-2
electron transport chains 6, 12-14, 23, 32-4
structure 5
synthesis 2, 3, 5-6, 324
ADH see alcohol dehydrogenases
adiponitrile 327
ADP see adenosine diphosphate
adriamycin 428
adsorptive transfer stripping voltammetry (AdTSV) 413, 418
affinity sensors 200
AFM see atomic force microscopy
alamethicin 136
alanine dehydrogenase 159, 179
albumin 446
alcohol dehydrogenases (ADH)
bioelectrosynthesis 334, 341-2, 349
biofuel cells 367-8
NAD(P)-based biosensors 159, 175-6
redox enzymes 55-6
alcohol oxidation 340-2
alcohol reduction 348
aldehyde dehydrogenases (ALDH)
bioelectrosynthesis 334

biofuel cells 367-8
NAD(P)-based biosensors 178
alkaline phosphatase (ALP) 380-1, 384, 388-9, 398, 400, 403
alkylphenols 239, 3424
alkylthiol monolayers 106—7
ALP see alkaline phosphatase
alternating current impedance spectroscopy 201-2, 256
alternating current voltammetry (ACV) 389, 427
amine oxidation 414
amino acid dehydrogenases 334
amperometric sensors
electrochemical immunoassays 388-9
glucose biosensors 200-1
whole-cell biosensors 255-6
amphotericin 136
ankerin 94-5
anodic stripping voltammetry (ASV) 389-90
anthracycline antibiotics 427-8
antibiotics 427-8
antibodies
electrochemical immunoassays 378-9, 384-94, 397-402
redox enzymes 46-8, 49, 67
supported bilayer lipid membranes 143
anticancer therapies 423-30
antigens
electrochemical immunoassays 379, 384-94, 397-402
redox enzymes 46-8, 49
antiporters 137
apoptosis 4267
area expansion modulus 121-2
ascorbate 44-5
ASV see anodic stripping voltammetry
atomic force microscopy (AFM) 74, 417-22
ATP see adenosine triphosphate
avidin
biological membranes 133, 143, 144-7
glucose biosensors 205-6
kinetic models 314, 316
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2,2'-azinobis (3-ethylbenzothiazoline-6-sulfonate) (ABTS) mediators 331-2, 336-9, 341
368-9, 461 oxidation of 4-alkylphenols 342—4
azure I/C 169 oxidation of alcohols/diols 340-2
oxidation of sugars 344-5
B-carotene 15-16 product isolation 332-3
B-DNA 411-12 reduction of carbonyl compounds 3468
B-galactosidase scientific factors 332
electrochemical immunoassays 380, 382, 384 synthetic procedures 340-50
phenolic biosensors 239 technological factors 329-33
whole-cell biosensors 258-60 biofuel cells 1, 359-75
B-lactamases 380, 383 economics 363
B-strands 30-1 efficiency 360, 362-3
bacteria electron transport chains 11
electron transport chains 12, 18-19 future directions 369-71
photosynthesis 18-19 in vivo applications 460-2
whole-cell biosensors 257-9 mediators 364-5
see also microbial microbial 363-6
bacteriorhodopsin (BR) 124-6, 140, 143 overpotential 361-2
BASF process 328-9, 330 oxidoreductases 3669
benzylviologens 171, 368 performance 360-3
bilayer lipid membranes (BLM) principles 359-63
dielectric relaxation 132-3 biological cell classification 2-3
DNA assays 431 biological membranes 87-156
electrical properties 90, 101-3 cell signalling 139-42
formation 100-1 dielectric relaxation 132-3
mechanical properties 120-5, 127 functions 88
membrane potentials 127, 130-2 kinetic models 273-8
pore formation 104-5 lipid monolayers 87, 95-100, 129-30
receptors 140 liposomes 107-9, 113-14, 117-18, 129-30, 139, 3867
redox enzymes 68—9 mechanical properties 120-7
stability 103-5 membrane potentials 127-32
supported 95, 106-7, 132-3, 139, 142-7 models 87, 88-90, 95-107
tethered 107 molecular dynamics 109, 111-16
transport mechanisms 135-6, 139 NAD(P)-based biosensors 183—4
bilirubin oxidase 370, 461 phase transitions 116-20, 126
biocompatibility 444-50 proteins 87-9, 94-5, 123-7
blood 447-9 receptors 13942
principles 444-5 structure 88-90, 95-107
proteins 4467, 448 supported bilayer lipid membranes 95, 106-7, 132-3, 139,
tissue 449-50 142-7
bioelectrosynthesis 1, 327-58 transport mechanisms 133-9
advantages 328, 350 whole-cell biosensors 252-3
bipolar membranes 352-3 see also bilayer lipid membranes; lipid bilayers
cell design 329-31 biomarkers for DNA damage 4234
commercial processes 327-9, 352, 354 bio-micro-electromechanical systems (Bio-MEMS)
current density 331-2, 334-5 electrochemical immunoassays 403
dihydroxyacetone phosphate synthesis 344 glucose biosensors 445, 461
electrode coatings 339-40 whole-cell biosensors 250-1, 255-7
electrodialysis 3504 bionanoelectronics 67
electrolysis 327-33 bioreactors 39
enzyme-catalysed reactions 332-5 biosensors 1
homogeneous systems 335-9 biological membranes 147
hydrodimerisation 327 classification 200
hydrogenation 348 DNA assays 430-6
hydroxylation of unactivated C—H bonds 345-6 enzyme electrodes 270-80, 28693

mechanisms 33540 enzyme kinetics 268-70, 295-317
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glucose 199-217
heterogeneous systems 302-17
homogeneous systems 287-302
kinetic models 267-325
list of symbols 324-5
NAD(P)-based 157-98
numerical simulations 280-6
phenolic 21948
redox enzymes 39—40
redox mediated enzyme electrodes 286317
transduction modes 200-2
whole-cell 249-66
biotins
biological membranes 133, 143, 144-7
DNA assays 432
glucose biosensors 205-6
kinetic models 314, 316
bipolar disc stack cells 330
bipolar membranes 352-3
bipyridinyl complexes 42-3, 44
bleomycin 428
BLM see bilayer lipid membranes
blood biocompatibility 447-9
blue copper oxidases 224
bovine spongiform encephalitis (BSE) 445
BR see bacteriorhodopsin
Bragg’s law 108
BSE see bovine spongiform encephalitis
Butler—Volmer model 60-1, 62-3, 71

Ca** -pumps 95
cAMP 141-2
cAMP response element (CRE) pathway 258-9
cancer chemotherapies 423-30
capacitance detectors 391-2
capillary electrophoresis (CE) 395-8, 403, 432
capnophorin 137
carbon nanotubes (CNT)
DNA assays 434-5
NAD(P)-based biosensors 183
redox enzymes 67-8
carbon paste electrodes (CPE)
DNA assays 419, 428-9
electrochemical immunoassays 389
glucose biosensors 205
NAD(P)-based biosensors 183, 184-5
phenolic biosensors 231, 236
carbonyl reduction 346-8
carboplatin 425
cardiolipin 91, 93
carriers 137, 144
case diagrams 278-80, 289-90, 297-8, 312-14
cast in place matrices 205
cast surfactant bilayers 69-71
catechins 168
catecholamines 239-41

catechol oxidase 228
catechol-1,2-oxygenase 225
catechol-pendant terpyridine complexes 174
cathodic stripping voltammetry (CSV) 413
CDH see cellobiose dehydrogenase

CE see capillary electrophoresis

cellobiose dehydrogenase (CDH) 220, 223, 225-6, 230, 232,

236-8
ceruloplasmin 222, 225
channel-forming ionophores 136
chemiosmosis 3-6
chlorophyll 15-16
chloroplasts 13-15, 17, 24
chromium complexes 174, 181

chronopotentiometric stripping analysis (CPSA) 418,

428, 432
citric acid cycle 7
Clark-type oxygen electrodes 227-8, 237, 239
Clausius—Clapeyron equation 117
closed-loop glucose control 443
CNT see carbon nanotubes
coagulation cascade 446-7
cobalt complexes
bioelectrosynthesis 346
NAD(P)-based biosensors 173—4, 181
cocaine 239
coenzyme Q (CoQ) 7-10, 19-20, 27, 31
cofactors
bioelectrosynthesis 333-5, 337-8, 341
NAD(P)-based biosensors 163-5
redox enzymes 39, 52, 60
colloidal gold 434
concentration overpotential 361, 362
conductimetry 201
conducting polymers
glucose biosensors 206
NAD(P)-based biosensors 1723
redox enzymes 49-52
conductometry 392
continuous glucose biosensors 203—4
cooperativity of transitions 119
copper complexes
DNA assays 424, 425-6
electron transport chains 10-11, 22, 27
CoQ see coenzyme Q
CPE see carbon paste electrodes
CPSA see chronopotentiometric stripping analysis
Crank—Nicholson method 282-3, 286
CRE see cAMP response element
creatinine iminohydrolase 179
cross-linking
bioelectrosynthesis 339
glucose biosensors 205
NAD(P)-based biosensors 184
phenolic biosensors 231
redox enzymes 44-5
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CSV see cathodic stripping voltammetry
current—voltage characteristics (IVC) 130-1, 136, 138
cyclic voltammetry (CV)

DNA assays 413, 416

kinetic models 295-300, 306, 309-11

NAD(P)-based biosensors 160, 166, 180

redox enzymes 48, 58-61, 66, 70, 74
cyclohexanones 348
cytochrome b2 223, 226-7, 232
cytochrome bf complex 14-17, 22
cytochrome ¢

biological membranes 94, 127

electron transport chains 7-12, 22, 27, 31
cytochrome oxidase 65, 69, 461-2
cytochrome P450.,,, 57-8, 62-3, 69-70, 73-5

daunomycin 428-9
dextran sulfate (DS) 115
diabetes mellitus see glucose biosensors
diamond-like carbon (DLC) coatings 4501
diaphorase 51-2, 222, 232
dielectric relaxation 132-3
dielectric spectroscopy 201-2
differential pulse voltammetry (DPV)
DNA assays 415-17, 426, 428-9
electrochemical immunoassays 389
diffuse ionic double layer potentials 127, 129-32
diffusion potentials 127, 129
digital simulation methods 283—6
dihydro-uracil dehydrogenase 159
3,4-dihydrobenzaldehydes 167
3,4-dihydroxy-6H-benzofuro[3,2,c][ 1 Jbenzopyran-6-one 168
dihydroxyacetone phosphate 344
5,5-dihydroxy-4,4'-bitryptamine 172
dimristoylphosphatidylcholine (DMPC) 98, 110, 117, 121,
125-6
diol oxidation 340-2
dioleoylphosphatidylcholine (DOPC) 99, 103, 110, 139
dioxygenases 334
dipalmitoylphosphatidylcholine (DPPC) 93, 99, 109-10,
114-15
dipole potentials 128
direct enzyme electrochemistry 41-2
disposable glucose biosensors 202-3, 207-12
5,5'-dithiobis(2-nitrobenzoic acid) 171
divided parallel plate cells 330
DLC see diamond-like carbon
DMPC see dimristoylphosphatidylcholine
DNA assays 41142
adsorption at electrode surfaces 416-22
biomarkers for DNA damage 4234
biosensors 430—6
DNA hybridisation 431-5
DNA-drug interactions 42630
DNA-metal interactions 424—6
dsDNA/ssDNA adsorption 417-22

electrochemistry of DNA 413-16

guanine adsorbates 416-17

in situ DNA damage 430-1

microarrays 435-6

oxidation 414-16, 430-1, 436

reduction 413

sensing/probing DNA interactions 422-30

structure/properties of DNA 411-13
DNA cloning 251
dopamine 240
DOPC see dioleoylphosphatidylcholine
double strand DNA (dsDNA) see DNA assays
doxorubicin 428
DPPC see dipalmitoylphosphatidylcholine
DPV see differential pulse voltammetry
DS see dextran sulfate
dsDNA see DNA assays

Eadie-Hofstee plots 269
ECIS see electric cell-substrate impedance sensing
ECL see electrochemiluminescence
EIS see electrochemical impedance spectroscopy
elastic bilayer model 122-3
elasticity moduli 120-2
electric cell-substrate impedance sensing (ECIS) 256
electroactive labels 384-6
electrocatalysis 1
NAD(P)-based biosensors 165-83
phenolic biosensors 229-37
electrochemical immunoassays (ECIA) 377410
abbreviations/terminology 377
antibodies 378-94
assay formats 394-402
capacitance 391-2
classification 379-80
competitive formats 397, 399-400
conductometry 392
detection 388-94
electroactive labels 384—6
electrochemiluminescence 393—4
enzyme labels 3804
future perspectives 402-3
heterogeneous 394-9
homogeneous 399-400
immunosensors 401-2
impedance spectrometry 392-3
labels 380-7
liposome labels 386-7
metallo-immunoassays 384—6
non-competitive formats 397-9, 400
piezoelectric detection 394
polyelectrolyte labels 387
potentiometry 390-1
principles 378-80
separation systems 395-7
voltammetry 388-90
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electrochemical impedance spectroscopy (EIS) 422
electrochemically generated polymers 206
electrochemiluminescence (ECL) 393-4
electrode fouling 39, 57
electrodialysis 350—4
electrolysis 327-33
electron paramagnetic resonance (EPR) 111-13,
119, 123
electron transport chains 1
ATP synthase 324
bacteria 12, 18-19
CoQH,—cyt ¢ reductase complex 7-8, 9-10, 27
cyt ¢ oxidase complex 7-8, 10-12, 22
electron transfer rate constants 27-31
governing principles 22-32
mitochondria 6-12
NADH-CoQ reductase complex 7-9, 27, 31
one-electron/two-electron couples 32
photosynthesis 6, 12—19
protein size 31
redox components 19-22
redox potentials 25-7
spatial separation 23-5
succinate—CoQ reductase complex 7, 9
electropolymerisation 183
electrostatic potentials 127-9
electrostriction 131-2
electrosynthesis see bioelectrosynthesis
elementary mechanosensitive centers (EMC) 140
ELIFA see enzyme-linked immunofiltration
ELISA see enzyme-linked immunosorbent assays
EMC see elementary mechanosensitive centers

EMIT see enzyme multiplied immunoassay technique

endosymbiosis 12
enoate reductases 334, 348
entrapped redox mediators 49-50
enzymatic sensors 200
enzyme labels 380—4
enzyme multiplied immunoassay technique
(EMIT) 399
enzyme-film voltammetry 58-63
enzyme-linked immunofiltration (ELIFA) 396
enzyme-linked immunosorbent assays (ELISA)
heterogeneous 394-6
phenolic biosensors 238-9
whole-cell biosensors 258
EPR see electron paramagnetic resonance
eukaryotes 2-3, 6
explicit numerical simulations 281-2
Eyring theory 138

facilitated diffusion 135-7
FAD/FADH,
bioelectrosynthesis 342
biofuel cells 369
electron transport chains 7-8, 12, 20-1, 27, 32

glucose biosensors 199, 204, 461
kinetic models 287, 295-6, 300-3, 315
NAD(P)-based biosensors 159
redox enzymes 40-1, 43-5, 47, 49-51, 55, 66
structure 21
Faradaic efficiency 362
fatty acids 92-3
FDH see formate dehydrogenase; fructose dehydrogenase
fermentation processes 202
ferredoxins
bioelectrosynthesis 340, 347
electron transport chains 14, 18, 32
redox enzymes 58, 62, 69
ferrocenes
bioelectrosynthesis 342-3, 345
biological membranes 1467
DNA assays 433
electrochemical immunoassays 386, 399, 403
glucose biosensors 457
kinetic models 295, 301-2, 314, 317
redox enzymes 40-3, 46, 48-50
ferrocyanide 2534, 386
FES see functional electrical stimulators
FET see field-effect transistors
FIA see flow injection analysis
fibrin 4467
Fick’s first law 281-2
Fick’s second law 272
field-effect transistors (FET) 201
flavin adenine dinucleotide see FAD/FADH,
flavin mononucleotide (FMN) 8, 12, 20-1
flavoenzymes 342, 344
flow injection analysis (FIA)
DNA assays 431
glucose biosensors 204
phenolic biosensors 231
fluid-mosaic model 88, 90
fluorescence spectroscopy 113-16
flux diagrams 273-6
FMN see flavin mononucleotide
formaldehyde dehydrogenase 159, 178
formate dehydrogenase (FDH) 55, 367-8
Franck—Condon principle 28
fructose dehydrogenase (FDH) 223, 225-6, 229
fuel cells see biofuel cells
fuel utilization efficiency 362-3
functional electrical stimulators (FES) 460

G-proteins 94, 141

galactose oxidase 344-5

GCE see glassy carbon electrodes

GDH see glucose dehydrogenase

gene engineering 251-2, 257-62

gene-modified bacteria 257-9

genetically modified organisms (GMO) 433

glassy carbon electrodes (GCE) 416, 419, 426, 432
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glucose biosensors 199-217
applications 202
biocompatibility 444-50
biofuel cells 4602
blood 447-9, 4567, 458—60
classification 200
construction 204-7
continuous 2034
design requirements 202—4, 207-12
disposable 202-3, 207-12
early phase responses 457-8
electrode design 451-7
immobilization methods 205-6
implantable 204, 451-62
in vivo applications 443—4
long-term monitoring 455-6
materials inferfacing strategy 450-1
mediators 199, 204-5, 211
membrane function 2067
open microflow 458-60
operation sequence 208, 211-12
performance 207-12
proteins 446-7, 448
quantification 199
reproducibility 211-12
safety features 212
sample acquisition 209-10, 211, 212
selectivity 210
sensitivity 207, 209
stability 210-11
tissue 449-50, 451-6, 457-60
transduction modes 200-2
glucose dehydrogenase (GDH)
glucose biosensors 200, 210-11
NAD(P)-based biosensors 178-9
phenolic biosensors 220, 223, 225-6, 228-30, 23641
whole-cell biosensors 253
glucose oxidase (GOx)
biofuel cells 3701
biological membranes 133, 144-7
biosensors 199-200, 201, 203-7
electrochemical immunoassays 380, 382, 399, 401-2
glucose biosensors 4524, 461-2
kinetic models 286, 289, 292, 295-6, 300-3, 306-10, 314-16
phenolic biosensors 223, 227
redox enzymes 40-1, 43-8, 50-1, 53, 66
glucose transporters 137
glucose-6-phosphate dehydrogenase 380, 383
glutamate dehydrogenase (GluDH) 177
glutaraldehyde 205
glycerophospholipids 90-1
glycolipids 88, 90, 92-3
glycolysis 6
glycophorin 94
glycophospholipids 91
glycopolysaccharides 88

glycoproteins 88, 90

GMO see genetically modified organisms
gold electrodes 432-3

gold nanoparticles 183

Goldman equation 138

Gouy—Chapman potentials 127-9, 131
GOx see glucose oxidase

gramicidin A (GRA) 136

guanine adsorbates 416-17

H-DNA 429
Hanes plots 269
HCMYV see human cytomegalovirus
heating value efficiency 362, 363
hematoxylin 168
heme complexes
electron transport chains 11-12, 21-2, 26
NAD(P)-based biosensors 159
structure 23
heparin 446, 449
hexacyanoferrates 174
high performance liquid chromatography (HPLC) 23940, 423
high-throughput screening 260-1
highly oriented pyrolytic graphite (HOPG) 419-22
histidine 171
Hopfield model 29-30
HOPG see highly oriented pyrolytic graphite
hormonal reception 140-2
horseradish peroxidase (HRP)
bioelectrosynthesis 3434, 345
DNA assays 433
electrochemical immunoassays 384, 391, 395-7, 401-2
glucose biosensors 452
phenolic biosensors 222, 224-5, 231, 233-5
redox enzymes 43, 45-6, 49, 51, 63, 66-8
HPLC see high performance liquid chromatography
HRP see horseradish peroxidase
human cytomegalovirus (HCMV) 433
hybridisation assays 431-5
hydrodimerisation 327
hydrogels 43-50
hydrogenation 348
3-hydroxybutyrate dehydrogenase 179
hydroxylation of unactivated C—H bonds 345-6
hypoglycaemia 453—4

ideal thin-layer voltammetry 58

IFSET see ion-sensitive field-effect transistors

1gG see immunoglobulin G

immunoassays see electrochemical immunoassays;
enzyme-linked immunosorbent assays

immunofiltration 395-6

immunoglobulin G (IgG) 378-9, 390, 392, 396, 403

immunomagnetic beads 396

immunosensors 401-2

impedance spectrometry 255-6, 392-3
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implantable glucose biosensors 204, 451-62 lactic acid 354
insulin 452-3 LacZ gene 258-62
integral proteins 88, 90, 94-5 Landau theory 119, 124
ion channels 136-7, 144 Langmuir-Blodgett (LB) films
ion-sensitive field-effect transistors (IFSET) 250, 255 biological membranes 96-7, 99-100, 106
iron complexes 174, 181 DNA assays 431
iron—sulfur clusters redox enzymes 68
electron transport chains 9-10, 13-14, 18, 22 LAPS see light addressable potentiometric sensors
NAD(P)-based biosensors 159 lauric acid 346
redox enzymes 60, 64 layer-by-layer (LBL) assembly
structure 24 DNA assays 424
IVC see current—voltage characteristics electrochemical immunoassays 386
glucose biosensors 451-2
KatG catalase-peroxidase enzyme 59 kinetic models 314-16
ketoacid reduction 346-8 redox enzymes 71-5
ketone reduction 3468 LB see Langmuir-Blodgett
kinetic models LBL see layer-by-layer
assumptions 273—4 LDH see lactate dehydrogenases
biosensors 267-325 light addressable potentiometric sensors (LAPS) 250, 251,
case diagrams 278-80, 289-90, 297-8, 312-14 255, 262
coupled diffusion/reaction problem 276-8 light-harvesting complex 15-17
Crank—Nicholson method 282-3, 286 linear-sweep voltammetry (LSV) 389
digital simulation methods 283-6 Lineweaver—Burk equation 146, 269, 292
enzyme electrodes 270-80, 28693 lipid bilayers
enzyme kinetics 268-70, 295-317 anisotropy 120-2
experimentatal verification 280 cooperativity of transitions 119
explicit numerical simulations 281-2 elastic bilayer model 122-3
flux diagrams 273-6 EPR/NMR spectroscopy 111-13, 119
heterogeneous systems 30217 interbilayer interactions 109-11
homogeneous systems 287-302 lyotropic transitions 116
layer-by-layer self-assembly 314-16 mechanical properties 120-7
list of symbols 324-5 membrane potentials 130-2
mediator-limited kinetics 312—-13 molecular dynamics 109, 111-16
monolayers 304—-6 optical spectroscopy 113-16
multilayers 306—17 order parameters 118-19
numerical simulations 2806 phase transitions 11620, 126
reciprocal expressions 275-6 protein—lipid interactions 123-7
redox mediated enzyme electrodes 286317 redox enzymes 68-71
substrate-limited kinetics 313 structural parameters 108-9, 110
thin-film approximation 313-14 thermotropic transitions 116-17
titration case 314 trans—gauche isomerization 117-18
transport mechanisms 135-6
lab-on-a-chip X-ray diffraction 108-9
biofuel cells 363, 367 lipid monolayers
whole-cell biosensors 251-2, 257, 261-2 biological membranes 87, 95-100, 129-30
laccases membrane potentials 129-30
biofuel cells 368-9 m—A isotherms 98-9
electrochemical immunoassays 380, 383, 391 properties 97-100
phenolic biosensors 221, 224, 228-30, 233, 236, surface tension 96-7
23840 lipid-film coated electrodes see supported bilayer lipid membranes
lactate dehydrogenases (LDH) lipoamide dehydrogenase 55
bioelectrosynthesis 334, 340-2 lipopolysaccharides (LPS) 88
glucose biosensors 452 liposomes
NAD(P)-based biosensors 1767 biological membranes 107-9, 113-14, 117-18,
phenolic biosensors 223 129-30, 139

redox enzymes 55 electrochemical immunoassays 3867
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LSV see linear-sweep voltammetry
luminol 172
lyotropic transitions 116

U-CCA see microscale cell culture analog
U-TAS see micro total analysis system
malate dehydrogenase 179
manganese complexes 15
Marcus theory 42, 60-1, 63, 65
MD see molecular dynamics
mediated enzyme electrochemistry 42-57
mediators
bioelectrosynthesis 331-2, 336-9, 341
biofuel cells 364-5
glucose biosensors 199, 204-5, 211
kinetic models 312-13
NAD(P)-based biosensors 165-83
redox enzymes 40-1, 42-3, 49-50
Meldola blue 168, 174, 180
membrane potentials 127-32
current—voltage characteristics 1301, 136, 138
diffusion potentials 127
electrostatic potentials 127-9
electrostriction 131-2
Gouy—Chapman potentials 127-9, 131
measurement 129-32
surface potentials 127, 129-32
MEMS see bio-micro-electromechanical systems
metal coated electrodes 181-3
metallo-immunoassays 384—6
metallopolymer hydrogels 43-50
metalloporphyrins 425
methylene blue 170, 180
methylene green 170
10-(3’-methylthiopropyl)-isoalloxazinyl-7-carboxylic acid 170
methylviologens 54-5, 171, 33940, 347
micelles 87, 89-90
Michaelis—Menten model
applications 269-70
biosensors 268-70, 272, 276-80, 287-8, 292
data analysis 268-9
heterogeneous systems 302-17
homogeneous systems 287-302
non-steady-state 295-302
redox enzymes 43, 61-2
steady-state 268, 287
micro total analysis systems (L-TAS)
DNA assays 435
electrochemical immunoassays 403
whole-cell biosensors 251-2, 257, 261-2
microarrays 435-6
microbial
array chips 253-4, 259-60
biofuel cells 363-6
sensors 200
microelectrochemical enzyme transistors 51-2

microscale cell culture analog (U-CCA) 257
MiniMed system 454-5

MIP see molecular imprinted polymers
mitochondria 3-4, 6-12

mitoxantrone (MTX) 428

MLV see multilamellar liposomes

molecular dynamics (MD) 109, 111-16
molecular imprinted polymers (MIP) 379
molecular wires 50-1

molybdenum complexes 64

monensin 137

monooxygenases 334, 343

MP-11 dithiol 371

MTX see mitoxantrone

multilamellar liposomes 107, 108-9, 113
multilayer surfactant bilayer films 69-71
multiwalled carbon nanotube (MWCNT) electrodes 67
mushroom tyrosinase 220-1, 224, 228-31, 234-6
MWCNT see multiwalled carbon nanotube

N-methylphenazinium 171, 174, 180
NAD(P) + /NAD(P)H
bioelectrosynthesis 333-4, 33743, 345-8
biofuel cells 367-8
electron transport chains 1, 6-9, 12—15, 19-22, 25-7, 312
glucose biosensors 200, 461
kinetic models 280
phenolic biosensors 225
redox enzymes 51-7, 65-6
redox processes 157-9, 161-5
structure 22, 157-8
whole-cell biosensors 252
NAD(P)-based biosensors 157-98
adsorption effects 1601
amphoteric sensors 175-9
biological membranes 183—4
carbon paste electrodes 183, 184-5
construction 183-5
cross-linking 184
electrochemistry 159-63
electropolymerisation 183
gold nanoparticles 183
mechanism and kinetics 161-5
mediators for electrocatalysis 165-83
metal coated electrodes 181-3
nylon nets 184
polymer films 184
redox processes 157-9, 161-3
self-assembled monolayers 185
soluble cofactors 163-5
Nafion coatings 339, 348, 457
nanobioelectrochemistry 67
nanomaterials 67-8, 183, 433-5
naphthol green 169
Nernst diffusion layers 275, 296, 303, 305, 310
Nernst potentials 127
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Nernst—Planck equation 134, 138 palmitoyloleylphosphatidylcholine (POPC) 93
netropsin 428 PAN see poly(aniline)
nickel complexes 173-4, 181 PAP see p-aminophenol
nicotinamide adenine dinucleotides see NAD(P)+/NAD(P)H; PAPG see p-aminophenyl -D-galactopyranoside
NAD(P)-based biosensors parallel plate cells 330
Nile blue 169, 180 passive diffusion 134-5
nitrate reductases 64 PEM see polymer electrolyte membrane
nitro-fluorenone derivatives 170 PEO see poly(ethylene oxide)
nitroimidazoles 429 peripheral proteins 88, 94
NMR see nuclear magnetic resonance permeability coefficients 134
non-steady-state enzyme kinetics 295-302 peroxidases (POD)
nonactin 137 electrochemical immunoassays 380-2, 384, 391-3, 397-8
nordihydroguairaetic acid 168 kinetic models 286
nuclear magnetic resonance (NMR) 111-13, 119, 136 phenolic biosensors 222, 224-5, 229, 231, 233-5
nucleic acid hybridisation assays 434 see also horseradish peroxidase
numerical simulations 280-6 1,10-phenanthroline-5,6-dione 173, 181
nylon nets 184 phenol hydroxylase 222, 225, 228
phenolic biosensors 219-48
OCYV see open circuit voltage applications 23741
ODH see oligosaccharide dehydrogenase catecholamines 23941
ODN see oligodeoxynucleotides design requirements 227-37
ohmic overpotential 361-2 electrocatalysis 229-37
oligodeoxynucleotides (ODN) 430, 435-6 enzymes 220-7
oligoproline bridges 29-30 flow cells 237-8
oligosaccharide dehydrogenase (ODH) 223, 226-7, 233, 238 immobilization methods 231, 236
on-chip gene engineering 251-2, 257, 261-2 oxidases/oxygenases 220-5, 229-36
Onsager equation 137 oxygen consumption 227-9
open circuit voltage (OCV) 360-2, 366 prevalence of phenolic compounds 219-20
open microflow monitoring 458-60 reducing enzymes 225-7, 2367
open-loop glucose control 443 selectivity 229
optical spectroscopy 113-16 sensitive label detectors 238-9
order parameters 118-19 sensitivity 229, 236, 240
osmium complexes stability 229, 240
DNA assays 424 waste water treatment 237-8
electron transport chains 30 phenothiazines 171, 180, 429
kinetic models 299-300, 302, 314-16 phospholipids
NAD(P)-based biosensors 1734, 181 biological membranes 904, 103
phenolic biosensors 236 electron transport chains 23-5
redox enzymes 44-6, 48—50 structure 23-5
overpotential 361-2 photopolymerizable materials 206
oxidases photosynthesis
bioelectrosynthesis 334, 342 bacteria 18-19
phenolic biosensors 220-5, 229-36 chemiosmosis 3—4
oxidoreductases 1, 366-9 cytochrome bf complex 14-17
8-oxoguanines 415-16, 4234 electron transport chains 6, 12-19
oxygenases 220-5, 229-36, 334, 343 light-harvesting complex 15-17
photosystem I 13-15, 17-18
m—A isotherms 98-9 photosystem II 13-16
p-aminophenol (PAP) physical reception 140
electrochemical immunoassays 380-1, 384, 388, piezoelectric detectors 394
397-8, 400, 403 plasmalogens 93
whole-cell biosensors 258 plastocyanin 15-17, 22, 27, 31
p-aminophenyl B-D-galactopyranoside (PAPG) 258-9 Plateau—Gibbs border 100-2
PAA see poly(allylamine) platinum complexes 425
PAD see pulsed amperometric detection POD see peroxidases

PAIT see pulsed-accelerated immunoassay technique poly vinyl alcohol (PVA) 456
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poly(adenylic acid) 172 quantum dots 434
poly(allylamine) (PAA) 48-9 quartz-crystal microbalance (QCM)
poly(aniline) (PAN) 49, 51-3, 173, 206 electrochemical immunoassays 394
polyclonal antibodies 379 redox enzymes 48, 66, 73—4
polyelectrolyte labels 387, 391 quercetin 425-6
poly(ethylene oxide) (PEO) 446, 449, 452 quinone-hemoprotein alcohol dehydrogenase (QH-ADH) 51-2
polyindole 49 quinones
polyion films 71-5 electron transport chains 7-10, 13-18, 19-20
poly(lysine) 71 NAD(P)-based biosensors 167-8, 180-1
polymer electrolyte membrane (PEM) fuel cells 1, 11 phenolic biosensors 220, 223, 225-6, 228-30, 23641
polymer films 184 structures 20
poly(N-vinyl imidazole) (PVI) 45
polynomial curve fitting 283 RBC see red blood cells
polyphenoloxidase 221 RC see reaction center
poly(pyrrole) (PPy) 49-52, 172, 206 RDV see rotating-disc voltammetry
poly(styrenesulfonate) (PSS) 51, 73 reaction center (RC) enzymes 71
poly(thiophene) 49, 206 reactive oxygen species (ROS) 423-6, 428
poly(vinylpyridine) (PVP) 44-5, 49 real-time glucose monitoring 443
POPC see palmitoyloleylphosphatidylcholine real-time in situ hybridisation 431
porins 6 receptors 13942
porphyrins 28 red blood cells (RBC) 210
potentiometry redox dyes 168—70, 180
electrochemical immunoassays 390-1 redox enzymes 39-85
glucose biosensors 201 adsorbed/coadsorbed monolayers 63-5
whole-cell biosensors 250, 251, 255, 262 antigen—antibody assemblies 46-8, 49
PPy see poly(pyrrole) carbon nanotube electrodes 67—8
PQQ see pyrroloquinoline quinone chemical regeneration 53—4
pre-formed membranes 205 conducting polymers 49-52
probing DNA interactions 422-30 covalent bonding to electrodes 65-7
prokaryotes 2-3, 6, 12 cyclic voltammetry 48, 58-61, 66, 70, 74
protein biocompatibility 446-7, 448 direct electron transfer 57-75
protein-film voltammetry 40, 41-2, 58-61, 64 direct enzyme electrochemistry 41-2
proton motive force 3-5 electrochemical regeneration 54-5, 56
PSS see poly(styrenesulfonate) electrochemistry 39-85
pulse voltammetry 389 electron mediation 42-3
pulsed amperometric detection (PAD) 388 entrapped mediators 49-50
pulsed-accelerated immunoassay technique (PAIT) 388-9 enzymatic regeneration 55-6
putidaredoxin 57-8 enzyme-film voltammetry 58-63
PVA see poly vinyl alcohol enzymes in solution 57-8
PVI see poly(N-vinyl imidazole) historical development 39-40
PVP see poly(vinylpyridine) layer-by-layer film assembly 71-5
pyrocatechol sulfonephthalein 167 lipid bilayer films 68-71
pyrolline-2-carboxylate dehydrogenase 159 mediated enzyme electrochemistry 42-57
pyrophosphatase 5 metallopolymer hydrogels 43-50
pyrroloquinoline quinone (PQQ) microelectrochemical enzyme transistors 51-2
biofuel cells 369, 371 molecular wires 501
glucose biosensors 210 NAD(P)H/NAD(P) + dependent enzymes 51-7, 65-6
kinetic models 303 photochemical regeneration 53—4, 567
NAD(P)-based biosensors 180-1 polyion films 71-5
phenolic biosensors 225 protein-film voltammetry 40, 41-2, 58-61, 64
redox enzymes 51-2, 66 regeneration of NAD(P) + 55-7
pyruvate 67 regeneration of NAD(P)H 53-5
rotating-disc voltammetry 61, 62
QCM see quartz-crystal microbalance self-assembled monolayers 65-7, 72-3
QH-ADH see quinone-hemoprotein alcohol dehydrogenase soluble mediators 401, 42-3

quantitative structure—activity relationships (QSAR) 430, 436 square-wave voltammetry 61-3, 69
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stereo/regioselectivity 55-6, 74-5
styrene epoxidation 74-5
redox potentials 25-7
redox proteins 1, 39
regeneration enzymes 333-5, 338, 341, 348
reverse transfection-type microarrays 261-2
riboflavin 172
Rieske complexes 24
ROS see reactive oxygen species
rotating disc electrodes 271
rotating-disc voltammetry (RDV) 61, 62
ruthenium complexes
DNA assays 424-5
electron transport chains 28, 30-1
NAD(P)-based biosensors 173—4, 181

SAM see self-assembled monolayers
sandwich assays 397-8
SBLM see supported bilayer lipid membranes
scanning electrochemical microscopy (SECM) 403
scanning tunnel microscopy (STM) 419
SECM see scanning electrochemical microscopy
secreted placental alkaline phosphatase (SPAP) 259
self-assembled monolayers (SAM)
biological membranes 143, 147
DNA assays 431, 433
NAD(P)-based biosensors 185
redox enzymes 65-7, 72-3
sensing DNA interactions 422-30
sensitive label detectors 238-9
SERS see surface enhanced Raman spectroscopy
single nucleotide polymorphism (SNP) 435
single strand DNA (ssDNA) 412, 414-16, 417-22,
428, 4304
single walled carbon nanotube (SWCNT)
electrodes 67-8
slow electron exchange 39, 57
smell reception 142
Smulochovsky equation 130
SNP see single nucleotide polymorphism
sodium cholate 94
sodium dodecylsulfate 94
sol-gel matrices 205
soluble cofactors 163-5
sorbitol dehydrogenase 177
SPAN see sulfonated polyaniline
SPAP see secreted placental alkaline phosphatase
spectrin 94-5
sphingophospholipids 90-1
spinach photosystem I enzyme 60
square-wave voltammetry (SWV) 61-3, 69
ssDNA see single strand DNA
steady-state enzyme kinetics 268, 287
steroids 346
sterols 92
STM see scanning tunnel microscopy

streptavidin
biological membranes 143, 144
DNA assays 432, 434
structural proteins 94-5
styrene epoxidation 74-5
substrate-limited kinetics 313
succinate 7, 9
succinate reductases 64
sugar dehydrogenases 334
sugar oxidation 344-5, 414
sugar reductases 334
sulfite reductase 159
sulfonated polyaniline (SPAN) 51
supported bilayer lipid membranes (sBLM) 1427
applications 143-7
dielectric relaxation 132-3
functional macromolecules 142-3
immobilized enzymes 144-7
structure 95, 1067
transport mechanisms 139, 144
surface charge 128-9, 201
surface coagulation cascade 446-7
surface enhanced Raman spectroscopy (SERS) 419
surface potentials 127, 129-32
SWCNT see single walled carbon nanotube
SWV see square-wave voltammetry
symporters 137

taste reception 142
TCNQ see tetracyanoquinodimethane
telomeres 412
tethered bilayer lipid membranes (tBLM) 107
tetracyanoquinodimethane (TCNQ) 171, 174, 181
3,3'-5,5'-tetramethylbenzidine (TMB) 397-8
tetraminophthalocyanine complexes 173
tetrathiofulvalene (TTF) 174, 181
thermotropic transitions 116-17
thin-film approximation 313-14
thionine 170
thioredoxins 69
thylakoid membranes 13-15, 17, 24
tissue biocompatibility 449-50
titration case 314
TMB see 3,3'-5,5'-tetramethylbenzidine
toluidine blue O 169
trans—gauche isomerization 117-18
transmembrane potential 3-5
transport mechanisms

active transport systems 139

biological membranes 133-9

carriers 137, 144

facilitated diffusion 135-7

ion channels 136-7, 144

mechanisms 137-9

passive diffusion 134-5
transverse elasticity modulus 120-1
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2,4,7-trinitro-9-fluorenone 182 see also cyclic voltammetry
triple helix DNA 412, 429 volume compressibility modulus 120-2
Triton X-100 94
trumpet plots 61-2 waste water treatment 237-8
TTF see tetrathiofulvalene whole-cell biosensors 249-66
tubular cells 330-1 amperometric sensors 255-6
tubulin 94-5 bio-micro-electromechanical systems 250-1, 255-7
tyrosinases 220-1, 224, 226, 228-31, cellular functions 2524
234-9 gene engineering 251-2, 257-62
gene-modified bacteria 257-9
ultrafiltration 342 high-throughput screening 2601
UMV see unilamellar liposomes impedance sensors 255-6
unactivated C-H bonds 345-6 in vitro cell cultures 2567
undivided parallel plate cells 330 lab-on-a-chip 251-2, 257, 261-2
unilamellar liposomes 107, 113-14, 117-18 microbial array chips 253—4, 259-60
uniporter carriers 137 potentiometric sensors 250, 251, 255, 262
urate 44-5 principles 249-51
ureases 380, 383 redox reactions 252-3
reverse transfection-type microarrays 261-2

valinomycin (VAL) 137 selectivity 256
vesicles see liposomes transcriptional responses 259—60
viologens

bioelectrosynthesis 33940, 347 X-ray diffraction (XRD) 108-9

biofuel cells 368

NAD(P)-based biosensors 171 yeast 1-isocytochrome (YCC) 65

redox enzymes 54-5 yeast two-hybrid (YTH) bioassays 258-9, 260
voltammetry Youngs moduli of elasticity 120-2

DNA assays 413, 415-18, 426-9, 436

electrochemical immunoassays 388-90 Z-DNA 411

redox enzymes 40, 41-2, 58—63, 64, 69 zinc complexes 173



