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Acenaphthene
oxidation, 459
structure, 454
Acetaminophen, 565, 580, 597, 604
bioactivation, 577
metabolism, see Metabolism
oxidation, 489
toxicity, 577
Acetone, 489
Acetylcholine esterase, 118, 119, 534
Acidity constants (of)
coordinated water, 198
Acetinobacter sp., 527, 528
ACTH, see Adrenocorticotrophin
Activation (of)
dioxygen, see Dioxygen
enthalpy for carbon monoxide binding
to P450, 210
entropy for carbon monoxide binding
to P450, 210
Active site of P450s, see P450s
Adamantane, 38, 44, 47, 174, 175, 204,

205, 209, 210
acetamide, 178
wire, 178

Adenosine monophosphate, see AMP
Adenosine 5’-triphosphate, see ATP
Adipose tissue

steroid hormone biosynthesis, 370, 382

Adrenal cortex
steroid hormone biosynthesis,
366-369, 372, 374-380
Adrenocorticosteroids, 600
Adrenocorticotrophin, 375-377, 380
Adrenodoxin, 8, 136, 364, 365, 367-369,
371, 372, 381, 382, 384
phosphorylation, 372
reductase, see Reductases
Aflatoxins, 418, 485, 487, 488, 490, 497
biosynthesis, 417
structure, 418
African Americans, 601, 606
Alcanivorax borkumensis, 528
Alcohols (see also individual names),
416419
keto, 403408
perillyl, 531
Aldehyde(s) (see also individual names),
408-415
isocaproic, 398
oxidation, 412
Aldosterone, 364, 367, 374, 384
formation, 365-367, 375
structure, 363
synthase, see Synthases
Aldrin
epoxidation, 509-511
Alectoris rufa, 490
Algae (see also individual names), 47
blue green, 18
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Algae (see also individual names)
(Continued)
green, 513
toxins, 100, 119
Alkaloids, 417
phytotoxins, 505
Alkanes (see also individual names), 446,
447
hydroxylation, see Hydroxylation
oxidation, 446, 459, 462, 525-529
Alkene
epoxidation, 158, 343, 453
Allegra®, see Fexofenadine
Allelochemicals
detoxification, 504, 505, 507
plant, 504, 505, 507, 513, 520
Alopecia, 600
Amines (see also individual names)
aromatic, 483
heterocyclic, 483
Amino acid radicals, see Radicals
Aminopyrine, 514
AMP
cyclic, see cAMP
Amphibians (see also individual names),
487
chemical defense, 490, 491
P450 regulation, 491-493
Anabaena variabilis, 18
Androstane diol, 44
Androstenedione, 323, 363, 369, 380,
381, 409411
hydroxylase, 463, 489
structure, 410
Androsterone
dehydroepi-, 363, 369, 380
dehydroiso-, 403
structure, 363
Angiotensin II, 383, 384
Animal(s) (see also individual names)
models for drug metabolism, 586-570
—plant chemical warfare, 478, 498,
499, 504, 505, 507
Annelids (see also individual names)
chemical defense, 510, 511
P450s, 101, 103
Anopheles gambiae
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genome, 4, 8
Anthracene
9-methyl-, 454, 459
dimethylbenz-, see
Dimethylbenzanthracene
oxidation, 459
structure, 454
Anthropogenic chemicals, 103, 120
Antibacterials (see also individual
names), 599
Antibiotic(s) (see also individual names),
579, 596
antifungal treatment, 287
macrolide, 485, 610-612
resistance to azoles, 302
synthesis, see Synthesis
Antibodies, 580, 581
Anticancer drugs (see also individual
names), 467, 531, 599
oxidation, 463
Anticoagulants (see also individual
names), 601
Antidepressants, 602, 610
Antifungals (see also individual names),
300, 301, 303, 579
azoles, 300-305, 598, 599
Antihistamine
non-sedating, 578
Anti-HIV agents (see also individual
names), 599
Antihypertensives (see also individual
names), 599, 602, 604
Antimicrobial agents (see also individual
names), 401
Antioxidants (see also individual names),
14
Antipsychotics, 602
Antisense oligonucleotides, 377
Antley-Bixler syndrome, 371
Apis mellifera
genome, 4, 8
P450, 4, 5
Apoptosis, 298, 369
Arabidopsis sp., 14
P450 genes, 58
thaliana, 4-6, 8, 9, 408, 418, 423, 514,
519, 520
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Arachidonic acid, 39, 247, 426, 486, 488
metabolism, see Metabolism
oxidation, 333

Archaea (see also individual names),

86-91
acidothermophilic, 87
hyperthermophilic, 86
P450s, 4, 86-90

Arenes
hydroxylation, see Hydroxylation

Aromatase (see also CYP19), 104, 323,

343, 381, 382, 409-412, 414, 429
inhibition, 300, 301, 371, 374
mechanism, 410, 411

Aromatic hydrocarbons, 14, 15, 99, 118,

119, 453, 486
halogenated, 496
hydroxylation, see Hydroxylation
oxidation, 447, 448, 459, 532
polycyclic, 453, 483, 496, 497, 509,

511, 532, 533
structures, 448

Arrhythmias, 578, 596, 610

Artemisinin, 467

Arthrobacter globiformis, 171

Arthropods (see also individual names)
P450s, 101, 105-108

Ascaris suum, 238

Ascidians (see also individual names), 498

Ascochyta pisi, 521

Ascorbate, 173, 352
peroxidase, see Peroxidases

Asian population, 573, 601

Aspergillus parasiticus, 417

Association constants (see also Binding

constants), 43, 47

Assays
Comet, 118, 119
fluorescence, see Fluorescence
luminescence, see Luminescence
micronucleus, 118, 119

Asterias rubens, 108, 508

Atomic force microscopy
studies of P450s, 76

ATP, 475, 512, 607, 631, 637
-binding cassette transporter, 603
production, 320
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Atrazine, 104, 510, 512
Autoxidation, 211
rate constants, see Rate constants
Azoles
as antifungal drugs, 300-305, 598, 599
as inhibitors of P450s, 300-305, 382,
606
heme binding, 304
structures, 301, 304

B

Bacillus
megaterium, 7, 17, 87, 160-162, 291,
306, 331, 332, 442, 453, 527
subtilis, 7, 17, 291, 401, 461, 462, 527
thuringiensis, 119
Bacteria(l) (see also individual names), 4,
8, 59, 520
P450 genes, 99
P450s, see P450s
Balanus eburneus, 106
Baeyer-Villiger pathway, 404, 405, 408,
409, 412, 413, 417, 418
Barbiturates, 309, 565, 573, 579, 580
Barium(II)
crown ether complexes, 34
Barley, 418
Barnacles (see also individual names) 106
Benz[a]anthracene, 103, 511
Benzenes
biodegradation, 447, 449
ethyl-, 175, 176
polychlorinated, 447-450
trichloro-, see 1,3,5-Trichlorobenzene
Benzodiazepines, 610
Benzo[a]pyrenes, 14, 102-108, 447, 506,
507, 511, 512, 514
hydroxylation, see Hydroxylation
metabolism, see Metabolism
Benzoic acid
m-chloroperoxy-, see
m-Chloroperoxybenzoic acid
Benzphetamine, 209, 331, 467
demethylation, see Demethylation
metabolism, 507
structure, 330, 464
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Bifonazole
structure, 301, 304
Binding constants
azoles/P450, 302
heme/nitric oxide, 297
imidazoles/P450, 300
P450, 288
Bioavailability of
cyclosporin, 608
drugs, 563, 564, 567, 580, 595, 599,
604, 606, 608
felodopine, 608
imunosuppressive agents, 605
terfenadine, 608
Biocatalysts, 530
Biodegradation of
polychlorinated benzenes, 447, 449
vitamin D;, 463
Biomonitors or biomonitoring studies,
103, 106, 118-120, 481, 487, 488,
494, 497, 511
Biomphalaria glabrata, 105, 110, 511
Bioreaktor, 531, 532
Bioremediation, 165
by bacterial P450s, 532
of explosives, 533
Biosensors, 158, 165, 533, 534
Biosynthesis (of) (see also Synthesis)
aflatoxins, 417
aldosterone, 367, 372, 383, 385
biotin, 401
brassinolide, 15, 17, 408, 409
brassinosteroids, 16, 17
cAMP, 375
cholesterol, 371, 400
corticoid, 383
cortisol, 308, 367, 372
ecdysone, 16, 17
erythromycin, 248
estradiol, 16, 380
estrogen, 11, 287, 300, 343, 370, 379,
381
estrone, 323, 380
gibberellins, 418, 419, 429
hormones, 16, 17, 27, 158
pregnonolone, 363, 365, 374-376, 379,
380, 398-400
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progesterone, 379-381, 403
prostaglandins, 426-429
psoralen, 407, 416, 417
reaction types for steroid hormones,
365-371
steroid hormones, 16, 17, 106. 107,
322, 361-386, 403, 409,
411, 463
sterol, 4
testosterone, 378-381
thromboxane, 428, 429
vitamin D, 384, 400, 463
Biotechnological application of P450s,
18, 286
Biotin, 401
Biphenyls
polychlorinated, see PCBs
Birds
chemical defense, 488-490
P450s, 488-490
Blood pressure regulation, 384
Bombix mori, 8, 9
Bortezomib, 11
Bradyrhizobium japonicum, 527
Brain
steroid hormone biosynthesis, 370,
382, 383
Brassinolide
biosynthesis, 16, 17, 408, 409
Brassinosteroids
biosynthesis, 16, 17
Breast
cancer, 373, 374, 382
cancer treatment, 300, 301, 371, 374,
382
Bunodosoma cavernata, 102
Buproprion
hydroxylation, see Hydroxylation
Burkholderia, 528
Butler-Volmer theory, 130

Cc

Caenorhabditis elegans, 91, 480
chemical defense, 509
genome, 4, 8, 509
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Caffeic acid, 14
Caffeine, 573, 597
demethylation, see Demethylation
Calcitroic acid, see Vitamin D;
Calcium(IT)
activation of fluxes, 290
channel blocker (see also individual
names), 581
Caldariomyces fumago, 81, 216, 307
Caldariomycin, 81
Callinectes sapidus, 106
Calmodulins, 290
Camalexin
synthesis, 14
cAMP, 376, 378, 381, 382
biosynthesis, see Biosynthesis
-dependent phosphorylation, 372
-dependent transcription of genes, 378
response system, 377
Camphane, 199, 200, 205, 209, 210
Camphor, 29, 30, 145, 176, 197-199,
201, 204, 205, 212, 444
1R-, 199, 201, 205, 209, 221, 323
1S-, 199, 205
5-hydroxy, 30, 238, 241
bromo-, 205, 210
hydroxylation, see Hydroxylation
nor-, see Norcamphor
P450 monooxygenase, see P450cam
-quinone, 199
structure, 73
Cancer
breast, see Breast
hormone-dependent, 371
prostate, 373, 374
Candida
maltosa, 18, 524
tropicalis, 524
Capitella capitata, 103, 111, 511
Capric acid, 462
oxidation, 459
structure, 454
Carbamate(s)
insecticides, 118, 490
thio-, see Thiocarbamates
Carbon
3¢, 303
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radical, see Radicals
Carbon—carbon bond cleavage
alpha to acids, 419-421
alpha to alcohols, 416-419
alpha to aldehydes, 408415
alpha to carbon bearing nitrogen, 422,
423
alpha to ethers, 421, 422
alpha to ketones, 408
by P450s, 397-430
diols, 398403
involving fatty acids, 423-425
keto alcohols, 403—408
Carbon dioxide, 415, 420
Carbon monoxide, 12, 98, 192, 193,
203-211, 287, 289, 305-308,
424
BCo, 32
binding to Fe(Il), 31, 38, 51, 82, 158,
306, 307, 322
myoglobin complex, 203
P450 complexes, see P450s
Re complex, 175
sensing transcriptional activators, 268
sensor for the heme pocket, 203-211
spectral properties of the P450
complexes, 203-208
Carcinogenesis, 99, 158, 182, 463
Carcinus
aestuarii, 106
maenas, 107, 110, 508
Cardiovascular diseases, 384
Carnegiae gigantea, 505
Carotenoids, 87
epoxidation, see Epoxidation
Castasterone
biosynthesis, 16
oxidation, 408, 409
Catalases, 179, 320
Catfish, 496
Catharanthus roseus, 417
Caucasian population, 571, 601, 606
Caulobacter crescentus, 527
cGMP, 290, 299
Chemical defense (of), 477-535
amphibians, 490, 491
annelids, 510, 511
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Chemical defense (of) (Continued)
birds, 488—490
Caenorhabditis elegans, 509
cnidarians, 512
crustaceans, 507, 508
definition, 479, 480
echinoderms, 508, 509
evolution, 480
fish, 493-497
fungi, 521-525
insects, 497-507
invertebrates, 497-512
mammals, 481487
molluscs, 511, 512
nematodes, 509
plants, 513-521
poriferans, 512
prokaryotes, 525-529
protista, 513
reptiles, 490, 491
Cherax quadricarinatus, 508
Chiral synthons, 286
Chlamydomonas reinhardtii, 4
Chloramphenicol, 309
m-Chloroperoxybenzoic acid, 3942, 217,
218, 222, 325, 352
Chloroperoxidase, 12, 40, 50, 51, 66, 81,
169, 170, 179, 216-218, 252, 270,
273, 294, 307
structure, 81, 268
Cholesterol, 209, 212, 295, 322, 610
cleavage, 8, 365, 367
conversion to pregnenolone, 363, 365,
374-376, 379, 380, 398400
ester hydrolase, 376
structure, 362, 363
Chromatography
high-performance liquid, see
High-performance liquid
chromatography
ion exchange,105
Chryptochiton stelleri, 105
Chymotrypsin, 70
Cigarette smoke (see also Tobacco), 572,
607
Cineole, 72, 239
hydroxylation, see Hydroxylation
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structure, 73
Cinnamate hydroxylase, 519, 520
Ciona intestinalis, 498
Circular dichroism
magnetic, see Magnetic circular
dichroism
P450s, 191, 192
Citrobacter braakii, 72
Citrulline, 82, 291
Clams (see also individual names), 512
P450s, 111
Clarithromycin, 597, 599
Cleavage
cholesterol, see Cholesterol
diols, see Diols
heterolytic, 279, 325, 333-335, 399,
439
homolytic, 279, 325, 399, 404, 427
0O-0 bond, 81, 213-215, 224, 251,
259, 273, 279, 325, 333-335, 337,
405, 414, 420, 427, 439, 446
pregnenolone, 408
progesterone, 408
steroids, 408
Clofibrate, 103, 104, 486, 506, 510, 511
Clotrimazole, 497
structure, 301
Clusters
2Fe-2S (see also Ferredoxins), 7, 8,
74, 367, 368, 537, 538
iron-sulfur, 8, 66
Cnidarians
chemical defense, 512
detoxification mechanism, 102, 103
P450s, 101-103
Cobalt, 165, 167
0Co, 349
porphyrins, see Porphyrins
Cobalt(IIT)
sepulchrate cage complex, 167
Cobaltocene, 167
Codeine, 602, 604, 605
Cofactors
P450, see P450
Comamonas testosteroni, 528
Compound 0
definition, 335
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Compound I, 11, 29, 30, 32, 36, 39, 40, 52,
67,68,81,82, 128, 164, 165, 171,
196, 217, 225, 320, 325, 326, 333,
334,338, 341-343, 352, 352, 440
analogues, 46
characterization, 168
definition, 169, 216, 218, 251, 345, 439
FeV=0, 163, 346, 439
formation, 439
oxo iron(IV) porphyrin radical cation,
39-41, 159, 251, 345
oxygen insertion, 37
reactivity, 48
structure, 345
two states model, 347, 348
Compound II, 325
definition, 169, 215
FelV=0-H, 169-171, 179, 180, 425
Congenital lipoid adrenal hyperplasia,
366, 367, 370, 376
Contraceptives (see also individual names)
oral, 579
Copper(I), 46
Corals (see also individual names), 512
Gorgonian, 493, 497
P450s, 102, 103
Corticosteroids
adreno-, 600
commercial production, 523
Corticosterone, 369
structure, 363
Cortisol, 364, 366, 369, 374, 600
11-deoxy-, 365
biosynthesis, see Biosynthesis
hydroxylation, see Hydroxylation
Corynebacterium sp., 527
Coscinasterias muricata, 509
Cotton, 514
Coumarin(s), 72
7-methoxy-, 518
7-methoxy-4-trifluoromethyl-, 464,
466, 484, 496
alkoxy-, 481
demethylation, see Demethylation
ethoxy-, 106, 507, 518
furano-, 14, 17, 117, 416, 504,
505, 520
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hydroxylation, see Hydroxylation
O-dealkylation, 485
propoxy-, 485
structure, 464
Crabs (see also individual names), 106,
110, 508
Crayfish (see also individual names)
P450s, 102, 105-107, 508
Crocodile, 491
meat, 487
Crown ethers
barium(II) complex, 34
Crustaceans (see also individual names),
100, 118
chemical defense, 507, 508
P450s, 101, 102, 110, 111
Cryo crystallography, 191
Crystal structures of
chloroperoxidase, 81
CYP51, 69
CYP119, 71, 72, 86-89, 304
CYP121, 268, 269
CYP158A2, 258, 442-444
ferredoxin, 66
P450 3A4, 78
P450 BM3, 88
P450 BSB, 85
P450 distal side, 275, 276
P450cam, 88, 197
P450nor, 83
P450 models, 32, 36
P450s, 6, 62-64, 269
rubredoxin, 66
Cucumaria miniata, 508
Cushing’s disease, 309
Cyanide
as P450 inhibitor, 287-289, 308
Cyclic voltammetry (studies of) (see also
Voltammetry), 140-144, 162
P450 models, 32
B-Cyclodextrins
Mn porphyrin, 44-46
Ru porphyrin, 47
substrate recognition, 43, 45, 46
Cyclohexane
phenyl-, 448, 450
structure, 448
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Cyclohexene
oxidation, 347
Cyclophosphamide, 463, 467
structure, 464
Cyclosporin, 485, 597, 603, 605, 606,
610-612, 614
bioavailability, 608
elimination, 598
Cylindrocarpon tonkinese, 296
CYP1 family, 105, 109-113, 463, 483,
488, 492, 495, 508, 512
A2, 243, 465, 466
CYP2 family, 105, 109, 110, 112-116,
309, 463, 483486, 488-490, 492,
494, 495, 512
inhibition, 302
CYP2A4 (= P450 15a), 72
CYP2AS5 (= P450 COH), 72
CYP2A6, 466
CYP2B1, 466, 467
CYP2B4, 331, 333, 340, 344, 348, 410,
413, 420, 463
active site, 329
dioxygen complex, 330
mutants, 333, 347, 414
redox potential, see Redox potentials
structure, 329
CYP2BS, 442, 463
CYP2D6, 574, 582, 582, 596, 602
CYP3 family, 103-105, 109-111,
113-116, 270, 485, 486, 489,
494-497, 508
mutation, 278
CYP3A4 (see also P450 3A4), 236, 278,
279, 301, 302, 309, 422, 463, 467,
574-576, 595-598, 600, 606,
608-610
activity, 595, 596
inhibitors, 575, 606, 608, 610-612
CYP3AS, 463
CYP4 family, 4, 103, 105, 107, 108, 110,
111, 114-116, 189, 270, 271, 486,
498, 508, 512
CYP4A, 222, 453
CYP4B1, 268, 486
CYPS5, 426429
CYPS, 426429
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CYP11A1, see P450scc
CYPI11BI1 (= P450 11B), 364, 366, 367,
372, 374, 375, 384, 385
inhibition, 374
mutation, 370
CYP11B2, see P450aldo
CYP17 (= P450c17), 363, 369, 370,
373-375, 377-385, 413, 414
inhibition, 374
CYP17A, 404, 405, 408, 410
CYP19 (see also Aromatase), 369-371,
374, 380-383, 414
inhibition, 374, 382
CYP21 (= P450c21), 363, 364, 369, 370,
383
CYP24, 406, 408
CYP51 (= P450 14DM = lanosterol
14a-demethylase), 4, 59, 60,
304-306, 363, 409, 411, 412, 414,
429
crystal structure, see Crystal structures
inhibition, 300, 302
CYP55A1, see P450nor
CYP74 tamily, 423-426
CYPS85A family, 408
CYPS88A, 418, 419
CYP93C, 421, 422
CYP101, see P450cam
CYP102, see P450 BM3
CYP107A1, see P450eryF
CYP107H1 (= P450 Biol), 400, 401
CYP108, see P450terp
CYPI111 (= P450lin), 526
CYP119, 86, 238, 305, 456
autoxidation rate constant, 212
structure, 71, 72, 87, 88, 304
CYPI121 (= Mtb P450), 268, 288, 302
active site, 268
crystal structure, 268, 269
hydrogen bonding network, 276
CYP158A2, 253, 257, 258, 441, 456
crystal structure, 258, 442-444
hydrogen bonding network, 276-278,
443
CYP165B1 (= OxyB), 239, 243
structure, 241
CYP176A1, see P450cin
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Cypermethrin, 506
Cysteine (and residues), 334
dissociation, 308
N-acetyl-, 578
nitrosylation, 298
oxidation to cysteic acid, 273
Cytochrome bs, 8, 9, 102, 149, 189, 190,
291, 370, 373, 380, 499, 506, 508
bsgr, 275
reductase, see Reductases
Cytochrome ¢
oxidase, see Oxidases
Cytochrome c¢ peroxidase, 273, 280, 335
active site, 274
hydrogen bonding network, 280
Cytochromes P450, see CYPs and P450s
Cytokines, 290

D
Danio rerio, 111-115, 494-496
Daphnia
magna, 106
pulex, 107, 508
DDT, 490

detoxification, 506
hydroxylation, see Hydroxylation
resistance, 119, 506
Dealkylation (of) (see also
Demethylation), 158
7-pentoxyresorufin, 484, 485, 491, 513
coumarins, 485, 496
phenacetin, 495
tributyltin, 511
Deamination
oxidative, 99
Debaryomyces hansenii, 524
Debrisoquine, 581
Decarboxylation
oxidative, 421
P450-catalyzed, 419-421
O-Deethylases or deethylation
ethoxycoumarin, 104, 105, 466, 485,
490, 491, 495, 506, 509-513
ethoxyresorufin, 104, 106, 483, 488,
490, 491, 495, 496, 506, 511-513
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phenacetin, 483, 485
Deformylation, 344, 345
Dehalogenation, 99, 158
Dehydrogenases

33-hydroxysteroid, 376

FAD, 7, 8

formate, 166

glyceraldehyde-3-phosphate, 298
Demethylation (of) (see also

Dealkylation)

androgen steroids, 343

benzphetamine, 495

caffeine, 483, 570, 572

coumarin, 491

erythromycin, 485, 489, 491

lanosterol, 300

methoxyresorufin, 488, 491, 495

oxidative, 244

theophylline, 483
Density functional theory calculations

P450 models, 36, 273

P450s, 67, 68, 198, 203, 213, 326, 327,

341, 342
6-Deoxyerythronolide, 248, 257
hydroxylation, see Hydroxylation
Detoxification of

DDT, 506

genes, 120

P450-based, 103

pesticides, 507

plant allelochemicals, 504, 505, 507

xenobiotics, 9, 58, 102, 322
Dexamethasone, 485, 486, 489, 497
DFT calculations, see Density functional

theory calculations
Diazepam, 597

hydroxylation, see Hydroxylation
Diazinon, 490, 518
Dichlorodiphenyltrichloroethane, see

DDT
Diclofenac, 597

hydroxylation, see Hydroxylation
Dielectric

constant, 135, 330

environment, 137, 147-149
Digitalis, 362
Dihydralazine, 581
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Diltiazem, 597-599, 611
Dimethylbenzanthracene
metabolism, see Metabolism
Dinitrogen monoxide (nitrous oxide;
N,O0), 7, 83, 249
formation, 295-297
Dinitrogen trioxide
formation, 298
Diols (see also individual names)
androstane, 44
cleavage, 29, 36, 398-403
Dioxins, 14, 15, 99, 106, 497

dibenzo[p]-, 454, 459, 488, 489, 492,

496, 497, 508
polychlorinated, 532
Dioxygen (see also Oxygen)

activation, 68-70, 82, 243, 275, 341,

438, 439, 441, 443, 444

atmospheric, 2, 7
binding to P450s, see P450s
cleavage, see Cleavage
consumption, 216, 217, 241, 247
heme-bound, 242, 328, 443
iron-linked, 85
labelling studies, 163-165, 168
triplet state, 188

Dioxygenases, 2, 321
definition, 320

Dipteran species, 504

Dolphins, 100

Drosophila
genome, 4, 8, 13
insecticide-resistant, 119
melanogaster, 504-507
mettleri, 505

SUBJECT INDEX

clearance, 564

distribution, 593, 594

excretion, 593, 594
high-throughput screening, 567, 568
inhibition, 605, 606

interactions, see Drug interactions
metabolism, see Metabolism
non-invasive assays, 570
nonsteroidal anti-inflammatory, 7, 8
oxidation, 463, 566

P450 inducers, 600, 601

preclinical development, 463, 563
pro-, 604, 605

properties in patients, 591-615
targets, 373, 374

therapeutic window, 573

toxicity, 565

transport, 603, 604

triazole-based, 300

Drug interactions, 596

adverse, 593, 599, 600

beneficial, 611, 612

clinical significance, 613, 614

cytochrome-mediated, 593

diet, 607

disease state, 607

—drug, 12, 565, 567, 598, 599,
610-612

ethnicity differences, 606

FDA regulations, 582, 612, 613

herbs, 609, 610

pharmacodynamic, 583

pharmacokinetic, 583

sex differences, 606

smoking, 607

nigrospiracula, 505 Dugong, 100
P450 genes, 58, 108, 110
P450s, 9, 18, 60, 111, 118, 119, 498
simulans, 506 E
Drug(s) (see also individual names), 98,
99, 158 Earth

absorption, 593, 594 life on, 85, 86
administration, 605, 606 Earthworms (see also individual names),
azoles, see Azoles 511
bioavailability, 563, 564, 567, 580, Ecdysone, 106
595, 599, 604-606, 608 20-hydroxy-, 107
candidates, 567 biosynthesis, 16, 17
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Echinoderms
chemical defense, 508, 509
P450s, 101, 108, 110, 508, 509
Econazole, 301
EE,
hydroxylation, see Hydroxylation
metabolism, see Metabolism
structure, 579
Eicosanoids, 98, 99, 571
metabolism, see Metabolism
Eisenia fetida, 511
Electrochemistry of
P450s, 127-151
sensors, 171
Electrodes
Ag/AgCl, 130, 162, 167, 171
antimony-doped tin oxide, 168, 531
basal-plane graphite, 147, 162, 166
clay-modified, 147-149, 166
edge-plane graphite, 145, 149, 150, 166
glassy carbon, 145, 170, 531
gold, 147, 166, 531, 534
indium-tin oxide, 145
list of modified electrodes, 148
modifications, 144, 145, 147, 148
montmorillonite-modified glassy
carbon, 147
normal hydrogen, 130, 158, 160,
171, 179
polylysine-modified, 149
pyrolytic graphite, 534
rhodium graphite, 531, 534
rotating disk, 165
standard calomel, 130
standard hydrogen, 129, 130
surface-modified, 166
Electron density
P450, 216
P450 BM3, 79
P450cam, 137, 207, 211, 335
Electron nuclear double resonance, see
ENDOR
Electron paramagnetic resonance, see EPR
Electron potentials, see Redox potentials
Electron spin echo modulation, see
ESEEM
Electron spin resonance, see EPR
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Electron transfer (in)
FAD, 290, 455
FMN, 290, 455
heme-dioxygen binding, 158
mechanism, 331
microsomal, 364
mitochondrial, 364, 371-373
P450s, 74, 75, 158-180, 245, 249, 338,
428, 440, 455, 456
pathways, 455
rate constant, 179
regulation, 371-374
second electron transfer, 245
Electron tunneling
wires, see Wires
ELISA, 99, 118
Enchytraeus crypticus, 511
Endoplasmic reticulum
steroid hormone biosynthesis, 369,
375, 379, 380
ENDOR spectroscopy (of)
'H, 245
P450 models, 33
P450s, 191, 214, 245, 252, 349, 350
Enthalpy of activation, 190, 210
Entropy of activation, 210
Environment
monitoring, 118, 119
pollutants, 447, 463, 487, 494, 607
Enzyme-linked immunosorbent assay, see
ELISA
Enzymes (see also Proteins and
individual names)
phenotyping, 565, 566
Eplerenone, 384
Epoxidation (of)
aldrin, 509-511
alkenes, 158, 343, 453
by ferryl species, 169
by manganese porphyrins, 42, 43
carotenoids, 47
double bonds, 246
in P450s, 29, 36, 44, 286, 411
mechanism, 342, 343
olefins, 41, 48, 51, 324, 325, 342, 343,
439, 440
P450-catalyzed, 319-353
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Epoxidation (of) (Continued)
propene, 36
terpenes, 43
o-pinene, 52
EPR studies (of)
detection of amino acid radicals, 192
P450 models, 31, 33, 38
P450s, 191, 192, 197, 198, 214,
217-221, 302, 349, 350, 352
Ergosterol, 363
formation, 300, 600
structure, 362
Eriocheir japonicus, 508
Erythromycin, 212, 213, 248, 518, 527,
565, 578, 579, 597-599, 610
-bound P450, see P450eryF
demethylation, see Demethylation
metabolism, see Metabolism
Escherichia coli (expression of)
adrenodoxin, 368
CYP11Al, 365
CYP2C, 467
CYP72A1, 417
human P450s, 530, 566
NADPH-cytochrome P450
reductase, 371
P450 Biol, 401
ESEEM
P450 models, 33
P450s, 191, 192, 197
ESR, see EPR
Esterases (see also individual names),
376, 572
acetylcholine, 118, 119, 534
Estradiol, 104
17B-, 483, 579
biosynthesis, see Biosynthesis
ethynyl-, 565
hydroxylation, see Hydroxylation
metabolism, see Metabolism
structure, 363, 410
Estrogens, 364, 370, 374, 409, 600
biosynthesis, see Biosynthesis
in breast cancer, 371
structure, 410
Estrone, 409, 410, 579
biosynthesis, see Biosynthesis
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Ethanol (see also Alcohol), 489, 510, 601
Eucalyptus, 527
leaves, 481
Euglena gracilis, 513
Eukaryotes (see also individual names),
59, 86, 98
Evolution of
eukaryotes, 98
life, 2
P450s, 59, 60
EXAFS studies of
P450s, 191, 192, 296
Extended absorption fine structure
spectroscopy, see EXAFS
Extensive metabolizer, 564, 574,
601, 602

F

FAD (in), 76, 78, 90, 160, 161, 167, 190,
291, 323, 331, 368, 371
dehydrogenase, see Dehydrogenases
electron transfer, see Electron transfer
Fadrozole, 300
structure, 301
Fatty acids, 98, 99, 175, 571
hydroperoxy, 423426
hydroxylation, see Hydroxylation
oxidation, 84, 453, 571
oxygenated, see Eicosanoids
transformation, 27
unsaturated, 424, 425
Favia fragrum, 102, 512
FDA
regulations for drug interactions, 582,
612, 613
Felodopine, 608
Fenchone, 199, 205, 210
Ferredoxins (see also individual names),
66, 86, 87, 149, 160, 291, 372
Fe,S,, 7, 8, 74, 367, 368, 537, 538
Fe;S,, 8
reductase, see Reductases
Fexofenadine, 578, 579, 610, 611
Fish (see also individual names), 100, 487
bioactivation of xenobiotics, 497
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Fish (Continued)
chemical defense, 493-497
Japanese puffer-, see Fugu and
Takifugu rubripes
killi-, see Killifish
P450 families, 111-115
zebra-, see Danio rerio
Flash photolysis of
P450s, 191, 192, 208-210
Flavin adenine dinucleotide, see FAD
Flavin mononucleotide, see FMN
Flaviolin, 277-279
binding, 257, 258, 442-444
Flavodoxins, 291
Flavonoids, 608
Fluconazole, 302, 605
P450 binding, 304, 305
structure, 301, 304
Fluoranthene, 103, 447, 511
structure, 448
Fluorene oxidation, 459
Fluorescence
assay, 165, 453, 567
sensors, 171
FMN, 7, 74, 86, 90, 137, 167, 168, 190,
291, 323, 331, 371, 527
electron transfer, see Electron transfer
P450 BM3, 76, 79, 160, 161
P450cin, 74, 76
reductase, see Reductases
Food
charbroiled, 572, 597, 607
monitoring of toxicants, 119
sea-, see Seafood
Food and Drug Administration of the
United States, see FDA
Forster energy transfer quenching, 178
Fossils
chemical, 86, 87
Fourier transform infrared spectroscopy
(studies of)
high pressure, 208
P450s, 191, 192, 197, 201, 207, 209
Freeze-quench experiments, 221
Frogs, 487, 490-492
Fruit fly, see Drosophila melanogaster

631

FTIR, see Fourier transform infrared
spectroscopy
Fugu (see also Takifugu rubripes), 497
genome, 496
Fundulus heteroclitus, 494, 495
Fungi (see also individual names), 417,
418
chemical defense, 521-525
list of, 522, 523
P450s, see P450s
phytopathogenic, 520-524
xenobiotic metabolism, 522
Fungicides (see also individual names),
489, 490
Furafylline, 572
Fusarium
oxysporum, 7, 83, 295-297
solani, 521

G

Gallus gallus, 487, 488
Garlic, 609
Gasoline additives, 528
Gastrointestinal tract
drug metabolism, 594, 595
P450s, 482
Genes
P450s, see P450s
Genistein, 467
Genomes
Anopheles gambiae, 4
Apis mellifera, 4
Caenorhabditis elegans, 4
Chlamydomonas reinhardtii, 4
Drosophila melanogaster, 4
human, 4
moss, 4
Oryza sativa, 4
yeast, 4
Genotoxicity of
food toxicants, 119
pesticides, 507
Gibberrella
fujikuroi, 418, 419, 430
pulicaris, 524
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Gibberellins, 418, 419, 430
biosynthesis, see Biosynthesis
Glucocorticoid remediable
hyperaldosteronism, 367
Glucocorticoids, 364-366, 370, 374, 375,
485, 486, 492, 497
Glutaraldehyde, 147
Glutathione, 577
Glycine
N-palmitoyl-, 246, 248
Glycosides, 362
Glycosylation of
P450s, 15
Gonads (see also Testis), 366, 369
steroid hormone biosynthesis, 376,
378-382
G-protein, 377
Grapefruit juice, 450, 575, 597, 607-609,
612
GTP, 290
Guaiacols, 352
peroxidation, 337
Guanosine monophosphate
cyclic, see cGMP
Guanosine 5 -triphosphate, see GTP
Guanylate cyclase, 299
nitric oxide binding, 290

H

Haemonchus contortus, 510
Haliotis rufescens, 512
Health of ecosystem, 118, 119
Heart
disease, 374, 384
failure, 384
fibrosis, 373, 384
Helianthus tuberosus, 8, 9, 519
Helicoverpa zea, 504-506
Heme
—azole complexes, 303-305
degradation, 222
dioxygen complex, see Dioxygen
distal site, 12, 242-249
electrochemical oxidation, 168—171
electronic nature, 348
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pocket, 192, 195, 201-211, 221
propionate interactions, 67, 68
redox potentials, see Redox potentials
solvent accessibility, 210, 221
spin state, 192
—thiolate systems, 12, 13, 28, 31, 51,
66, 82, 158, 188, 216, 218, 268,
273, 274, 306, 307
water in pocket, 223
Heme oxygenase, 252, 277, 279
homolytic dioxygen cleavage, 279
hydrogen bonding network, 276, 277
Hemoglobin, 211, 320, 325, 337
Hepatotoxicity of
tienilic acid, 573
Hepatitis, 580, 581, 607
Heptachlor,107
Herbicides (see also individual names),
513, 514, 528
list of, 515, 516
metabolism, see Metabolism
resistance, 514
safeners, 519, 520
structures, 515, 516
Herbivores, 513, 520
Herbs (see also individual names)
drug interactions, 609, 610
Hexadecane
biotransformation, 523, 524
High-performance liquid
chromatography, 567
HIV
protease inhibitors, 599, 609, 610, 612
treatment, 612
Homarus americanus, 107, 111, 508
Honeybee, see Apis mellifera
Hordeum vulgare, 418
Hormone(s) (see also individual names)
biosynthesis, see Biosynthesis
-dependent cancer, 371
follicle stimulating, 381
gonadal, see Gonads
luteinizing, 379-381
molting, 106, 107, 508
plant, 418
receptors, 486, 492, 493, 497, 575
sex, 364, 369, 370, 379-381, 600
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Hormone(s) (Continued)
steroid, see Steroids and individual
names
treatment of disorders, 308

Horseradish peroxidase, 40, 169, 171, 252

Housefly (see also Musca domestica), 499
HPLC, see High-performance liquid
chromatography
Human (see also Mammal)
genome, 4
immunodeficiency virus, see HIV
in vivo drug studies, 570
list of P450s, 571
P450 genes, 58, 99
Hydra
attenuata, 512
magnipapillata, 110
Hydride transfer, 7, 84, 168, 296-298
3-Hydroacetanilide, see Acetaminophen
Hydrocarbons, 106
aromatic, see Aromatic hydrocarbons
formation in insects, 415
halogenated, 532
hydroxylation, see Hydroxylation
metabolism, see Metabolism
Hydrogen bonding network in
CYP121, see CYP121
CYP158A2, see CYP158A2
cytochrome ¢ peroxidase, see
Cytochrome ¢ peroxidase
heme oxygenase, see Heme oxygenase
iron-sulfur clusters, 66, 67
myoglobin, see Myoglobin
nitric oxide synthase, see Nitric oxide
synthase(s)
P450cam, see P450cam
P450eryF, see P450eryF
P450nor, see P450nor
P450s, see P450s
proximal, 138
Hydrogen peroxide, 7, 49, 189, 211, 215,
217, 218, 222, 333, 344, 400, 414,
415, 466, 467
formation, 164, 213, 214, 216,
222-224, 241, 242, 252, 286, 325,
335, 337, 440
reduction, 321
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scavenging, 179
Hydrolases (see also Proteases and
individual names)
androstenedione, 463
cholesterol ester, 376
peppermint limonene-3-, 468
spearmint limonene-6-, 468
Hydroperoxide(s) (see also Peroxides),
101, 102, 106, 400
ferric, see Iron(IIT)
Hydroxylases (see also individual names)
11B-, 366
androstenedione, 463
aryl hydrocarbon, 488, 491, 495, 508,
509, 511, 512
as drug targets, 374
cinnamate, 519, 520
laurate, 104, 243
pregnenolone, 108
steroid, 374-376
Hydroxylation (of), 30, 32, 67, 99, 286,
407, 409
6-deoxyerythronolide, 248
alkanes, 48, 338, 458, 460, 531
androstenedione, 489
arenes, 458
aromatic, 29, 36
aromatic hydrocarbons, 458
aromatic hydrocarbons, 458
benzo[a]pyrenes, 483
benzylic, 29
buproprion, 484
camphor, 168, 214, 215, 217, 237, 239,
277, 323, 330, 340, 525, 526
C-H bonds, 44, 49, 128
cineole, 527
cortisol, 492
coumarin, 6, 466, 484, 491, 570
DDT, 506
debrisoquine, 581
diazepam, 491
diclofenac, 484, 567
EE,, 579, 580
estradiol, 483, 496
fatty acids, 7, 14, 17, 18, 86, 87, 246,
287, 292, 331, 401, 453, 458, 486,
491, 527
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Hydroxylation (of) (Continued)
hydrocarbons, 158
isotope effect, 340
L-arginine, 82, 291
lauric acid, 167, 271, 485, 491, 495,

497, 511, 512

limonene, 6, 468, 531
linalool, 526
mechanism, 337-342
naphthalene, 491, 495, 508
nitric oxide, 4
octane, 462
P450-catalyzed, 319-353
paclitaxel, 484
perhexiline, 581, 582
phenytoin, 484
p-nitrophenol, 489
pregnenolone, 301, 369

progesterone, 301, 369, 463, 464, 484,

489, 495, 508
radical pathway, 339-341
stereochemical scrambling, 340
steroids, 45, 58, 365, 370-373, 485
S-warfarin, 484

testosterone, 6, 17, 484, 485, 489, 491,

495, 496, 508, 511, 576
tolbutamine (methyl-), 484, 567, 570
vitamin D,, 408

Hydroxyl radical, see Radicals

Hydroxymethylglutarate, 530

Hyperaldosteronism

type I, see Glucocorticoid remediable

hyperaldosteronism

Hypericum perforatum, see St. John’s
wort

Hypertension, 373, 374

Hypokalemia, 600

Ifosfamide, 463, 467
structure, 464
Imidazole (and moieties), 71, 72, 170
as ligand, 335
as P450 inhibitor, 287, 288, 300-305,
329, 333
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binding constants, 300
phenyl-, 71, 72, 240, 300, 301, 304,
305, 330, 333
Immune function, 289
Immunosuppressive agents, 596, 605,
606, 611, 612
Imposex, 104
Indigo
formation, 458, 466, 467
structure, 464
Indirubin, 466
structure, 464
Indole, 464
3-methyl-, 485
oxidation, 467, 484
Indomethacin
structure, 421
Infrared (spectroscopy studies of)
Fourier transform, see Fourier
transform infrared spectroscopy
P450s, 191, 192, 296
Inhibitors or inhibition (see also
individual names)
azoles, see Azoles
cyanide, see Cyanide
imidazole, see Imidazole
index, 599
of P450s, see P450s
suicide, 287, 599, 610
Insects (see also individual names and
species)
chemical defense, 497-507
hydrocarbon formation, 415
list of P450s involved in xenobiotic
metabolism, 500-503
P450s, 8, 13, 15-18, 101, 110, 116,
117, 415, 480, 498
steroid hormones, 16, 17, 111
xenobiotic metabolism, 506, 507
Insecticides (see also individual names),
99, 119, 499, 505, 534
carbamate, 118, 490
organophosphate, 118
pyrethroid, 505, 506
resistance, 118-120
Insulin, 510
-like growth factor, 510
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Invertebrates (see also individual names)
aquatic, 99-119
chemical defense, 497-512
P450 genes, 108-111
physiology and ecology, 116, 117
Ion exchange chromatography, 105
B-Ionone, 459, 462
structure, 454
IR, see Infrared
Iron
Fe, 303
SFe, 219
Iron(IT), 50, 51, 166
carbon monoxide binding, see Carbon
monoxide
redox potentials, see Redox potentials
thiolate, 333
Iron(IIT), 29, 40, 41, 48-50, 169, 410, 411
hydroperoxide, 164, 174, 341
hydroperoxo intermediate, 333, 334,
342, 345, 349
low-spin, 33
peroxo species, 343-345, 349
porphyrin, see Porphyrins
redox potentials, see Redox potentials
superoxide complex, 163, 164, 173
Iron(IV), 41, 216
Fe'V=0 (oxoferryl species), 67, 68, 82,
159, 218, 219, 221, 244, 291, 399,
414-416, 421, 439
FelV=0-H, 169-171, 179, 180, 425
Fe'V-OH,, 179
Mossbauer parameters, 218
-porphyrin r-cation radical, 216, 218,
251, 252, 325, 343, 352
Iron(V)
FeV=0 (compound I), 163, 169, 439
Iron-sulfur proteins (see also individual
names), 67, 189
Isazofos, 518
Isoniazid, 599
Isotope effects, 245, 405, 409, 419
kinetic, 338, 340, 345, 576
Itraconazole
structure, 301
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Jasmonic acid, 7, 8

K

Ketoconazole, 565, 566, 578, 579, 597,
605, 606, 611, 612
P450 binding, 304, 305

structure, 301, 304
Ketones, 408
Ketoprofen
structure, 421
Killifish, 100, 494-496
Kinases
cyclin-dependent, 466
elF2, 307, 308
glycogen synthase, 466
protein, see Protein kinase

L

Lactoperoxidase, 271, 294
Lactone
formation, 429, 430
Lanosterol, 363, 411
14a-demethylase, see CYP51
conversion, 600
metabolism, see Metabolism
Lauric acid, 167, 247, 462, 486
hydroxylase, see Hydroxylases
hydroxylation, see Hydroxylation
oxidation, 333
Lepidopteran species, 499
Leptasterias polaris, 509
Letrozole, 300
structure, 301
Leydig cells, 379-381
Ligase
ubiquitin, 298
Lignin peroxidase, see Peroxidases
Limonene
hydroxylation, see Hydroxylation
oxidation, 450, 531
peppermint, 468
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Limonene (Continued)
spearmint, 468
structure, 448
Linoleic acid, 424
Linolenic acid, 424
Linum usitatissimum, 423
Lipid(s), 145, 146, 148
metabolism, see Metabolism
Lipoxygenase, 171
Liver
disease, 607
P450s, 481, 607
Lobster (see also individual names)
American, 107, 111
P450s, 101, 107, 508
spiny, 106, 110
Loganin
structure, 417
Lufenuron, 111
Lumbricus terrestris, 511
Luminescence assay, 567
Lyase
hydroperoxide, 7
Lycopersicon esculentum, 408, 423
Lymnaea, 511
palustris, 104, 512
stagnalis, 511
Lytechinus anamesus, 108, 509

Macroconstants, see Acidity constants
and Binding constants
Macrolide antibiotics, see Antibiotic(s)
Magnetic circular dichroism studies of
oxyferrous intermediate, 349
P450s, 191, 192, 302, 303
Malathion, 106, 490, 518
Mamestra brassica, 499

Mammals (see also individual names and

species)
aquatic, 100, 115, 116
chemical defense, 481487
marine, see individual names
P450s, see P450s
Manduca sexta, 505

Met. Ions Life Sci. 3, 619-652 (2007)

SUBJECT INDEX

Manganese(II), 50
propionate ligand, 67
Manganese(III), 40-45, 50
Manganese(IV), 41
Manganese(V), 41, 52
Marcus theory, 195
Marmesin, 416, 417
conversion to psoralen, 416
structure, 416
Marsupials, 481
Mass spectrometry, 567
MCD, see Magnetic circular dichroism
Meat
charbroiled, 572, 597, 607
Meleagris gallopavo, 488
Mercenaria mercenaria, 111, 512
Metabolism
acetaminophen, 576-578
arachidonic acid, 495
benzo[a]pyrenes, 102, 108, 507, 508
benzphetamine, 507
dimethylbenzanthracene, 495
drugs, 27, 58, 69, 322, 365, 371, 485,
561-583, 593-596, 613, 614
EE,, 579, 580
eicosanoids, 571
erythromycin, 507
estradiol, 104, 569
fat, 569
herbicides, 513-517
hydrocarbons, 104
lanosterol, 412, 413
lipid, 498
nicotine, 484, 505
nitric oxide, 295-298
olanexidine, 402, 403
perhexiline, 581
polychlorinated biphenyls, 507
scoparone, 489
steroids, 70, 106, 107, 111
terfenadine, 578, 579
terpene, 531
tienilic acid, 580, 581
testosterone, 104, 106
tributyltin, 507, 509
vitamin D,, 408
warfarin, 573
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Metabolism (Continued)
xenobiotics, 18, 102, 120, 365, 371,
413, 422, 462, 506-509, 514-517,
519, 533
Metabolizer
extensive, 564, 574, 601, 602
poor, 564, 573, 601, 602, 605
Methane oxidation, 447
3-Methylcholanthrene, 14, 15, 103, 104,
483, 484, 486, 489, 492, 508, 511,
512
Methylococcus capsulatus, 8
Methyl viologen, 173
Metyrapone, 308
Michaelis-Menten kinetics
non-, 278
Miconazole, 302
structure, 301
Microarray analysis, 13, 14
Microscopy
atomic force, see Atomic force
microscopy
Microsomes or microsomal
electron transfer, see Electron transfer
invertebrate, 101
P450s, see P450s
Midazolam, 534
Mineralocorticoids, 364-366, 370, 374,
383, 385
Mitochondria(l)
electron transfer, see Electron transfer
P450s, see P450s
steroid hormone synthesis, 379
Molecular dynamics simulation
P450 3A4, 76, 77
P450cam, 180, 202, 238, 259, 326
random expulsion, 238
Molecular mechanics calculations
P450eryF, 326
P450s, 198, 215, 259
Molluscs (see also individual names)
chemical defense, 511, 512
gastropod, 104
P450s, see P450s
Monooxygenases, 321
cytochrome P450, see P450s
definition, 320
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steroid 11B3-, 61
styrene, 168
Morphine, 602, 605
ethyl-, 508, 518
Mosquitos (see also individual names)
genome, 4, 8
P450 genes, 108
P450s, 5
Moss
genome, 4
Maossbauer spectroscopy
studies of P450s, 11, 191, 192, 211,
217-221, 352
Musca domestica
P450s, 8, 118, 119, 415
Mussel (see also individual names), 119,
512
as biomonitors, 511
P450s, 105
Mutagenesis
site-directed, see Site-directed
mutagenesis
Mutation
random, 457-459, 465-467, 572
recombinatorial, see Recombinatorial
mutation
semi-random, 466
Mycobacterium, 531
smegmatis, 528
tuberculosis, 8, 90, 269, 288, 300-302,
304, 306
Mpycospherella pinodes, 521
Mycotoxins (see also individual names),
417
Myeloperoxidase, 271
Myoglobin, 211, 320, 325, 337
active site, 274
carbon monoxide complex, 203
dioxygen binding, 253
docking sites for gases, 238
hydrogen bonding network, 280
mutation, 273
Myrtenol
formation, 450
structure, 448
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Mpytilus
galloprovincialis, 104, 105, 512
edulis, 104, 105, 512

N

NADH, 7, 84, 102, 106, 108, 128, 176,
295-298, 323, 365, 508
consumption, 244
dimer, 165, 166
oxidation, 214, 215
turnover rate, 447
NADP, 364
oxidation, 216
NADPH, 7, 8, 30, 67, 82-84, 87, 106,
108, 128, 160, 162, 164, 165, 167,
169, 188, 190, 195, 202, 216, 217,
222, 249, 296, 322, 323, 325, 364,
365, 367, 368, 424, 439, 460, 464,
466, 467, 508, 511, 530, 531
as electron donor, 291, 455
consumption, 247, 398, 409, 415, 440,
446
cytochrome P450 reductase, see
Reductases
dehydrogenation, 290
dimer, 165, 166
oxidase, see Oxidases
oxidation, 216
Naphthalene, 462, 485
oxidation, 459, 465, 533
Naphthoflavone
a-, 106, 467, 488, 496, 497, 566
B-, 14, 104, 106, 483, 486, 492, 496,
508, 510, 512
Naphthoic acid, 518
Nectria haematococca, 521, 522
Nematode(s), 108
chemical defense, 509
genome, 4, 8
P450s, 480, 510
parasitic, 509
Nereis virens, 103, 111, 511
Nernst
equation, 132
titration, 130, 133
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Neuroleptics, 602
Neurotransmitters (see also individual
names)
nitric oxide, see Nitric oxide
Newt, 491
Nicotinamide adenine dinucleotide
(reduced), see NADH
Nicotinamide adenine dinucleotide
phosphate, see NADP
Nicotinamide adenine dinucleotide
phosphate (reduced), see NADPH
Nicotine
metabolism, see Metabolism
Nifedipine, 497
oxidation, 485, 491, 575
Nitration
P450s, 15
tyrosine, 298, 299
Nitric oxide (NO), 4, 82, 84, 238, 307
as neurotransmitter, 289
as P450 inhibitor, 287, 288, 298, 299
binding to guanylate cyclase, 290
formation, 11, 82, 291, 293
hydroxylation, see Hydroxylation
in immune function, 289
in vasodilation, 289
metabolism, see Metabolism
P450 interactions, 286-310
reductase, see Reductases
reduction, 236, 249, 295
synthesis, see Synthesis
Nitric oxide synthase(s), 11, 12, 66, 77,
79, 82, 85, 225, 252, 270, 271, 279,
289, 298, 320
active site structure, 268
carbon monoxide binding, 306
catalytic reactions, 291
dioxygen complex, 82, 83
endothelial, 83, 276, 277, 290
heterolytic dioxygen cleavage, 279
hydrogen bonding network, 276, 277
inducible, 171, 189, 290, 294
neuronal, 189, 290, 292, 294, 295, 303
oxygenase domain, 189
Nitrite
formation, 298
peroxy-, 298, 299
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Nitrogen (see also Dinitrogen)

5N, 303

radical, see Radicals
Nitrogen monoxide, see Nitric oxide
Nitrogen dioxide, 298
p-Nitrophenol

hydroxylation, see Hydroxylation
Nitrous oxide, see Dinitrogen monoxide
NMR

studies of P450s, 191, 192
Nootkatol, 531

oxidation, 451

structure, 448
Nootkatone, 450, 451, 531

structure, 448
Norbornane, 48, 198-200, 205, 209, 210,

221, 339, 340
Norcamphor, 198-200, 205, 209,
210, 221

Nuclear magnetic resonance, see NMR
Nucleotides (see also individual names)

oligo, see Oligonucleotides

pyridine, see Pyridine(s)

(0

Obtusiferol, 363
Octane

hydroxylation, see Hydroxylation
Octopus pallidus, 104, 105, 511
Olanexidine, 401

metabolism, see Metabolism

oxidation, 402, 403

urinary metabolites, 402, 403
Olfactory or olfaction, 484

neurons, 482

organ, 493, 499
Oligonucleotides

antisense, 377
Ophiocomina nigra, 509
Orconectes limosus, 107, 508
Oryza sativa

genes, 99

genome, 4, 8, 14

P450, 9
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Otter, 100
Ovary
regulation of hormones, 381, 382
steroid hormone biosynthesis, 370,
379-382
Oxidases (see also individual names)
amine, 171
cytochrome ¢, 299
mixed-function, 2
NADPH, 337
Oxidoreductase
2-oxoacid-ferredoxin, 7, 87
Oximes, 423
Oxygen (see also Dioxygen)
170, 33
130, 38, 39, 48, 303, 410
radical, see Radicals
transport, 320
Oxygenases
categories, 321
di-, see Dioxygenases
heme, see Heme oxygenases
lip-, see Lipoxygenase
mono-, see Monooxygenases
Opysters (see also individual names),
119, 512

P420
carbon monoxide complex, 305, 306
formation, 204, 294
—P450 equilibrium, 294
—P450 spectral transitions, 306
P450s (see also CYP and individual
P450s)
>Fe, 219
access to the distal pocket, 237-239
activation enthalpy, 190
active site, 64, 70-74, 76, 80, 85, 164,
193, 214, 268, 269, 327-333
active site analogues, 28, 32
active site water, role of, 254-258, 279
activity, 438, 439
ancestral forms, 480
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P450s (see also CYP and individual

P450s) (Continued)

animal, 4, 5

antisera, 103

aquatic, 97-121

aquatic gene families, 108-116

archaeon, 4, 86-90

arthropodal, 101, 105-108

axial cysteine, 303

bacterial, 4, 6, 7, 17, 18, 60, 76,
160-162, 189, 190, 444-462

binding constant, 288

biocatalysis, 165-168

biotechnological applications, 18, 286

carbon—carbon bond cleavage, 397-430

carbon monoxide binding, 192, 193,
203-211, 289, 305-308

catalytic cycle, 28, 128, 129, 158-171,
175, 188, 189, 251, 287, 323-325

-catalyzed epoxidations, see
Epoxidation

-catalyzed hydroxylations, see
Hydroxylations

-catalyzed substrate oxygenation, 163

characteristic reactions, 3, 36

clinical observations, 591-615

cofactor, 28

common themes, 529, 530

competitive reactions, 222-225

compound I, see Compound I

compound II, see Compound II

conformational changes, 70-74

conservation of the fold, 62-64

conserved acidic residues, 243

conserved alcohol residues, 243, 259

crustacean, see Crustaceans

crystal structures, see Crystal structures

cysteine ligand loop, 65-67

cytosolic, 296

designed protein models, 273-275, 280

designing, 437-469

dietary effects, 608-610

dioxygen activation, see Dioxygen

dioxygen binding, 10, 39, 68, 70, 190,
208, 211-215, 223, 224, 253-258,
286, 325-327, 349

dioxygen reduction, 163-165
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directed evolution, 457-462, 466, 530

distal acid-alcohol pair, 242-249

distal pocket, 268, 275-279, 304,
331-333

diversities, 1-18

domain structure, 64, 65

drug-metabolizing (see also
Metabolism), 52, 58, 70, 71, 81, 329

electrochemistry, 127-151, 167

electron delivery, 188, 190, 202, 203

electron shuttles, 167, 168

electron transfer reactions, see Electron
transfer

energy landscape, 193

engineering, 437-469

eukaryotic, 4, 7, 294, 309, 332, 363

evolution of common metabolic
functions, 16-18

evolution, see Evolution

families and subfamilies, 60, 61

fish, see Fish

formation of protein radicals, 217-221,
224,225

fungal, 4, 6, 81, 83

genes, 13, 58-60

glycosylation, see Glycosylation

heme-azole complexes, 303-305

heme pocket, see Heme

heme—propionate interactions, see
Heme

heme Soret band, 158

heme—thiolate interactions, beyond,
267-280

heme—thiolate systems, see Heme

herbal interactions, 609

high-spin state, 195-202

high-valent metal-oxo intermediates,
11, 12

high-valent species, 169

Holy Grail, 165-168, 180

human, 561-583

human P450s, list, 571, 597

human therapy, 287

hydrogen bonding networks (see also
individual P450s), 275-277, 348

hydroperoxo complexes, 102, 213-215,
224,243, 325
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P450s (see also CYP) (Continued)

hydrophobic pocket, 348

hydrophobic substrates, 239, 330

hydrostatic pressure studies, 193—-195

inactivation, 221, 222

inducers, 596, 597, 600, 601, 613

induction mechanism, 568

industrial applications, 530-534

inhibitors (see also Inhibition), 288,
293-295, 297-310, 329, 333, 371,
374, 382, 415, 566, 573-600, 606,
608, 613

insect, see Insect

interaction with imidazoles, 300-305

interactions with nitric oxide, 285-310

invertebrate, 100-116

iron-oxo intermediate, 215-221

irreversible inhibitors, 309, 310

kinetics of carbon monoxide binding,
208-211

leakage in reactions, 12, 187-226

location, 594

low-spin state, 195-202

major subfamilies, 482486

mammalian, 6, 13, 18, 59, 60, 100,
101, 160, 162, 323, 329, 403,
462-467

mechanism, 6-13, 84, 85, 158-171, 258

mechanism of catalysis, 337-342

mechanism of epoxidation, 342, 343

-mediated chemical defense, see
Chemical defense

membrane, associated, 58, 76, 77

metal-diimine wires, 171-174

microsomal, 73, 74, 136, 189, 294,
329, 332, 364, 365, 369-371, 373

mimics, 27-52, 272, 273, 279, 280

mitochondrial, 70, 111, 189, 296,
364-369, 371-373, 499

molecular phylogeny, 57-91

mollusc, 101, 104, 105, 110, 512

monooxygenase catalytic mechanism, 9

multimeric, 77-81

multiple oxidants in catalysis, 343347

nematode, 480

nitration, see Nitration

nitric oxide binding, 293-295, 303
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nomenclature, 3-5, 60, 61, 99

‘orphan’, 571, 576

overview, 322-327

oxidase reaction, 43, 216, 217

oxidized species, 168-171

oxy intermediates, 10, 11, 173

-P420 equilibrium, 294

-P420 spectral transitions, 306

peppermint, 6

peroxidase activity, 90

peroxo complexes, 10, 11, 213-215

pharmaceutical synthesis, 530-532

phosphorylation, 15

phylogenetic tree, 74, 98

plant, 4-7, 13, 15, 18, 423, 467, 468,
513-520

polymorphism, 567, 573, 601, 602,
604, 605, 613

predicting drug activity in humans,
565-570

prokaryotic, 70, 72, 74, 77, 87, 455,
525-529

properties of human P450s, 597

protein structural properties, 191-195,
222-225

proximal cysteine, 290, 333-337

proximal side, 268-275, 287, 304

proximal surface, 86

radical pathway, 339, 340

rate constants for binding, see Rate
constants

reaction cycle, 9, 11, 188-190, 192,
195-222, 349

reaction intermediates, 250-253

reactivity landscape, 9-11, 193

redox partners, 6-9

redox potentials, list of, 134, 135,
146, 148

redox titration, 131-139

regulation by receptor-mediated
systems, 486, 487

regulation, 13-16

resting state, 159

reversible inhibitors, 308, 309

secondary coordination sphere, roles
of, 267-280

second electron transfer, 245
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P450s (see also CYP and individual
P450s) (Continued)
sequences, 3-5, 236
side reactions, 189, 221, 222
signature, 158
similarities, 1-18
site-directed mutagenesis, see
Site-directed mutagenesis
spectral properties of carbon monoxide
complexes, 203-211
spectroscopic techniques, list of, 191,
192
steroid hormone biosynthesis, 361-386
structural basis for binding and
catalysis, 235-260
structures (see also individual P450s),
5, 6, 57-91, 441-444
substrate binding, 70-74, 199-211,
330, 331
substrate entry, routes for, 202
substrate hydroxylation, 225
substrate-induced reactivity, 350, 351
substrate interactions, 286—289
substrate pocket, 449
substrate recognition, 237-239
substrate, role of, 439-441
substrate specificity, 482486
superfamilies, 3, 4
thermal-stable, 90, 91
threonine, role of, 331-333
transient oxygen intermediates,
351, 352
turnover rates, 162
ubiquitination, see Ubiquitination
variant alleles, 567, 568, 574
variation in function and fold,
81-86, 90
vertebrate, 6, 8, 9, 15, 16, 480
vesicle construct, 51
voltammetry, see Voltammetry
xenobiotic decomposition, 530-534
yeast, see Yeast
P450 1A2, 160, 572, 573
inhibition, 572
mutagenesis studies, 572
nitric oxide binding, 294
P450 15a (= CYP2A4), 72,73
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P450 2B4, 189, 198, 373
autoxidation rate constants, 212
azole binding, 304
dioxygen binding, 209
nitric oxide binding, 294
spin states, 203
structure, 80, 81
P450 2C5
membrane bilayer, 77
structure, 75
P450 2C9, 573, 581, 601, 602
P450 2C19, 573, 574, 601
P450 3A4
active site pocket, 7678
structure, 76-78
P450 175A1, 87, 89
P450aldo (= CYP11B2), 364, 366, 367,
374, 375, 383-385
inhibition, 374
P450arom, 149, 150, 364
P450 BM3 (CYP102), 7, 74-80, 84, 87,
143, 144, 147, 149, 160-162, 167,
174, 175, 189, 218-221, 237, 243,
246-248, 270, 271, 277, 291-293,
302, 303, 306, 331, 333, 464, 466,
527, 530-533
5TFe, 219
active site, 268, 452, 461
autoxidation rate constants, 212
carbon monoxide binding, 209, 306
dioxygen binding, 452
directed evolution, 458—462
electron transfer, 160-162
FMN domain complex, 78, 79
mutation, 138, 214, 218-220, 247, 248,
452456, 458-462
nitric oxide binding, 293-295, 299
redox potential, 224, 246, 247
structure, 32, 70, 71, 74, 76, 78, 79,
88, 137, 140, 225, 246, 248, 268,
269, 292, 332
structures of substrates, 454
P450 BSB, 84, 86
structure, 85, 269
P450cam (= CYP101), 68, 69, 70, 72-76,
87, 89, 162-164, 168, 170, 171, 175,
189, 190, 198, 218, 237-241, 243,
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P450cam (= CYP101) (Continued)
247-249, 259, 270, 279, 293, 296,
299, 302, 322, 323, 331, 340, 350,
372, 429, 444-452, 456, 525-527,
531, 532

3Fe, 219

active site, 201, 214, 239-241, 268,
274, 327-329, 445

autoxidation rate constant, 212

binding to wires, 176

catalytic cycle, 28, 30, 324

chain motions, 238

conserved aspartic acid, 244-246

conserved threonine, 242244

crystal structure of O, complex, 212

dioxygen binding, 325-328, 335, 336

directed evolution, 458

Fe(II), 178, 179, 253, 326, 328, 336

Fe(IID), 178, 253, 326, 352

ferrous dioxygen complex, 253-258

hydrogen bonding network, 33, 204,
212-215, 223, 224, 239, 240, 242,
244, 245, 270, 275-278, 326, 328,
329, 334-336, 444, 445

hydrogen bonding of thiolate, 33

hydroperoxy intermediate, 68, 334

hydrophobicity of active site, 138, 274

modified electrodes, list of, 148

mutants, 145, 180, 202, 214, 215, 219,
220, 223, 241, 244, 245, 253-256,
259, 274, 271, 278, 331, 333, 334,
336, 337, 343, 349, 444-452

nitric oxide binding, 293-295, 303

peroxo complex, 29, 30

photoreduction, 178, 179

rate constants for binding, 208-211

rate of 5-OH-camphor formation, 241

rate of dioxygen consumption, 241

rate of hydrogen peroxide formation,
241

redox potential, see Redox potentials

redox states, 174

resting state, 29, 34

reversible potential, 132, 136, 138,
145-149
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structure, 32, 63, 64, 73, 74, 76, 88,
128, 197, 225, 240, 244, 257, 268,
269, 271, 278, 445, 449
structures of substrates, 448
structures of wire complexes, 178-180
substrate complexes, 199, 200, 205,
208-211, 222, 449
wire conjugates, list of, 177
xenon binding, 238
P450cin (= CYP176A1), 68, 75, 76, 133,
139, 149, 239, 243, 527
structure, 72-76, 241
P450 COH (CYP2AS5), 72, 73
P450eryF (= CYP107A1), 68, 85, 189,
212,213,243,248,253,276,277,456
dioxygen binding, 256, 257, 336
hydrogen bonding network, 326
ketoconazole binding, 304, 305
mutants, 256, 257, 278
structure, 32, 257, 269, 304
P450nor (= CYP55A1), 7, 86, 236, 243,
249, 295-298
hydrogen bonding network, 249, 296,
297
mutants, 249
nitric oxide binding, 294-298
structure, 83, 84, 297
P450 RhF, 136
P450scc (= CYP11A1), 136, 145, 189,
363, 365-367, 372, 374-376, 379,
381-385, 398-401, 409, 413
autoxidation rate constant, 212
carbon monoxide binding, 209
nitric oxide binding, 294
P450terp (= CYP108), 526, 527
autoxidation rate constant, 212
carbon monoxide binding, 209
X-ray structure, 32, 269
Pacifastacus leniusculus, 106
Paclitaxel, 576
hydroxylation, see Hydroxylation
Palmitate, 458
Palmitoleic acid, 331
Panulirus argus, 101, 106, 110, 508
Papilio sp., 504
canadensis, 504
glaucus, 504
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Papilio sp. (Continued)
polyxenes, 504
xuthus, 499
Paracetamol, see Acetaminophen
Parathion, 490, 511, 534
Patinopectin yessoensis, 104
PCBs, 101, 104, 107, 118, 119, 488, 491,
497, 509-512
metabolism, see Metabolism
Penaeus setiferus, 107, 508
Peppermint
limonene-3-hydrolase, 468
P450, 6
Perhexiline
hydroxylation, see Hydroxylation
metabolism, see Metabolism
structure, 582
Perna canaliculus, 512
Peroxidases, 85, 215, 216, 320,
321
ascorbate, 68
chloro-, see Chloroperoxidase
compound I, see Compound I
compound II, see Compound II
cytochrome ¢, 68
heme, 65, 68
horseradish, 40, 169, 171, 252
lacto-, see Lactoperoxidase
lignin, 49
manganese(II), 68
micro-, 171, 217
myelo-, 171
Peroxide(s), 12, 85, 102
formation, 82
hydrogen, see Hydrogen peroxide
Peroxy acetic acid, 217-219, 352
Peroxy acids (see also individual names)
m-chloroperoxybenzoic, 217, 218, 222,
325, 352
Persea americana, 518
Pesticides (see also individual names),
98, 101, 106, 111, 487, 488, 490
detoxification, see Detoxification
resistance, 505, 506
Phanerochaete chrysosporium, 524
Pharmaceutical industry, 562, 563, 567,
571
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Pharmacodynamics or pharmacokinetics,
593, 598, 599
analysis, 564, 568, 570
Pharmacological response, 564
Phenacetin, 465, 464
Phenobarbital, 14, 104, 106, 107, 329,
484-486, 489, 492, 496, 497, 506,
508, 510, 513
Phenytoin
hydroxylation, see Hydroxylation
Pheromones, 120, 450, 499
Phoma pinodella, 521
Phosphate
organic, 490, 507, 534
Phosphatidylcholine
dimyristoyl-L-a-, 534
Phospholipid
bilayer, 7
membrane, 136
Phosphorus
2P, 349
Phosphorylation of
adrenodoxin, 372
P450, 15
serine, 15
threonine, 15
Phyllopertha diversa, 499
Phylogenetic tree
P450s, 74, 98
Physcomitrella patens
genome, 4
Phytoalexins, 59
Phytotoxins
alkaloid, 505
Pimelic acid, 401
Pinene
binding modes, 451
oxidation, 450, 531
structure, 448
Piperidine, 423
tetramethyl-, 422
Pisatin, 521
structure, 522
Placenta, 365
steroid hormone biosynthesis, 366,
370, 382, 383
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Plant(s) (see also individual names and
species)
allelochemicals, 504, 505
chemical defense, 513-521
implications of immobility, 520, 521
P450s, see P450s
—plant chemical warfare, 520
steroid hormone biosynthesis, 16
versus animal chemical warfare, 498,
504, 505
Platelet aggregation, 426
Platyhelminths
P450s, 101
Plebidonax deltoides, 512
Pleurodeles waltyl, 491
Pollutants, 102, 104, 447, 463, 487, 494,
607
Polychaete
P450s, 101, 103, 111, 511
Polychlorinated biphenyls, see PCBs
Polycyclic aromatic hydrocarbons, see
Aromatic hydrocarbons
Polymerase chain reaction
error-prone, 457, 462
real-time, 118, 120
Poor metabolizer, 564, 573, 601, 602, 605
Poriferans
chemical defense, 512
P450s, 101
Porphyria, 488
Porphyrins (see also Hemes and
individual names)
basket-handle, 28
capped, 28
cobalt, 46, 165
electron deficient, 48-52
epoxidation, see Epoxidation
face-protected, 29
Fe(II), 50, 51
Fe(IID), 29, 33, 40, 41, 48-50, 169,
410, 411
Fe(IV), 41, 216
Mn(III), 4046
Mn(IV), 41
Mn(V), 41, 52
Os, 46
oxo Fe(IV), see Compound I
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picket-fence, 28, 37
proto-, see Protoporphyrins
radical, see Radicals
Ru(1I), 40, 46-48
Ru(IV), 46
Ru(VI), 40
strapped, 28
tetramesityl, 410, 411
tetraphenyl, 40, 41
thiolate-ligated, 273
twin coronet, 279
with a thiolate, 31-40
Zn, 49, 50
Porpoise, 100
Potassium channel, 610, 612
Potatoes, 423
Potentials, see Redox potentials
Potentiometric titration of P450s,
130-139, 146, 147
Pravastatin, 530
Pregnonolone, 374-376, 404, 600
16a-carbonitrile, 485, 486, 489
biosynthesis, see Biosynthesis
cleavage, 408
hydroxylation, see Hydroxylation
oxidation, 403, 405, 414
structure, 363
sulfate, 111
Pressure jump studies of P450s, 191, 192
Procambrus clarkii, 105, 106
Prochloraz, 489, 490
Progesterone, 278, 366, 367, 370, 534,
575
cleavage, 408
hydroxylation, see Hydroxylation
oxidation, 404
structure, 363
Prokaryotes (see also individual names),
59, 86
chemical defense, 525-529
P450s, see P450s
Propanolol, 530
Propiconazole, 489
Prostacyclin, 426-428
synthase, see Synthases
Prostaglandin(s), 426429, 571
biosynthesis, see Biosynthesis
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Prostaglandin(s) (Continued)
endoperoxide synthase, see Synthases
H synthase, see Synthases
H,, 7,8

Prostate cancer, see Cancer

Proteases (see also individual names)
HIV, 599, 609, 610, 612
inhibitors, 309, 598, 599, 609, 610, 612
serine, 70

Proteins (see also Enzymes and

individual names)

radical, see Radicals

engineering, 463

P-glyco-, 603-606, 609

—protein interactions, 136, 371-373,
380

sensor, 12

SoxAX, 308

steroidogenic acute regulatory, 376

Protein kinases
A, 15, 376, 377
C 15
cAMP-dependent, 15

Protista
chemical defense, 513

Protonation constant, see Acidity constant

Proton transfer (in)
cascade, 333
P450s, 241, 243, 245, 252, 257-259,

279, 297, 326, 330, 331, 335, 428,
452
relay system, 259, 298, 351

Protoprophyrin IX, 128, 320, 330
Fe(III), 28, 160
structure, 321

Pseudomonas sp., 532
diterpeniphila, 527
incognita, 526
putida, 74, 162, 190, 237, 293, 322,

444, 525, 531
solanacearum, 520

Psoralens, 520
biosynthesis, see Biosynthesis
structure, 416

Putidaredoxin, 29, 30, 74, 75, 137, 162,

168, 176, 192, 213, 270, 323, 351,
352,372
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reductase, see Reductases
Pyrene
benzo[a]-, see Benzo[a]pyrene
oxidation, 533
structure, 448
Pyrethroids, 505, 506
Pyridine
binding to P450s, 308
N-oxides, 46
nucleotide oxidation, 7, 12, 242, 244
Pyrogallol
peroxidation, 337
Pyrrolidines, 422, 423
Pyruvate:ferredoxin oxidoreductase, 87
Python regius, 492

Q

Quantum mechanical calculations, 198,
215, 259
Quencher
oxidative, 173-175, 179
reductive, 173-175
Quinidine, 534, 566, 596, 598
Quinoline
7-benzyloxy-, 456, 464, 467
Quinones (see also individual names)
1,4-naphtho-, 454, 462
tert-butylhydro-, 14
imino-, 577

R

Radicals (see also individual names)
alkoxy, 404, 408, 410
allyl, 39, 425, 428
amino acid, 192
carbinyl, 428
carbon, 339-341, 416, 420, 422, 428,
429
carboxyl, 420
clock, 341, 348
porphyrin T-cation, see Iron(IV)
hydroxyl, 325, 341
indolyl, 224
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Radicals (Continued)
intermediates, 36, 37, 339
nitrogen, 423
olefin cation, 343
oxygen, 428, 429
pairs, 224
pathway in P450s, 339, 340
porphyrin, 67, 68, 159, 179, 216-218
protein, 188, 189, 217-221
tryptophan, 189, 192, 221, 224, 225
tyrosine, 39, 180, 189, 192, 219-221,
224,225, 352
Radiolysis
cryo-, 252
for redox reactions, 250-253
Rainbow trout, 493, 495, 497
Raloxifene, 309
Raman spectroscopy (studies of)
nitric oxide synthase, 295
P450 models, 279
P450s, 191, 192, 211, 246, 275, 278,
296, 299, 302, 303, 326, 348
Random expulsion molecular
dynamics, 238
Rate constants for
autoxidation, 212
carbon monoxide binding, 208-210
dioxygen binding, 208-210, 212, 325
hydroperoxy complexes, 217
P450s, 199, 208-212, 217, 346
Ravuconazole, 301, 302
Reaction rates, see Rate constants
Reaction volume, 199
Reactive oxygen species, 10, 12, 369,
497, 504
Recombination mutation methods
combinatorial libraries enhanced by
recombination in yeast (CLERY),
457, 465
DNA family shuffling, 457, 458
DNA shuffling and ITCHY
(SCRATCHY), 458
incremental truncation for the creation
of hybrid enzymes (ITCHY), 458
sequence homology independent
protein recombination (SHIPREC),
458, 465
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staggered extension process (StEP),
457

Redox potentials, 440

Co(IIT)/Co(1I), 167

compound I/compound II, 224

CYP2B4, 331

Fe(Il)/Fe(I), 166

Fe(IIT)/Fe(II), 29, 32, 33, 35, 38, 48,
50, 67, 158, 160, 162, 166, 170, 173

Fe(IV)/Fe(1l), 170, 171

heme, 161, 270, 286, 324

indolyl radical pair, 224

list of, 134, 173

Mn(IIT)/Mn(II), 50

P450 BM3, 246, 247, 455

P450cam, 202, 273, 331, 334

pH dependence, 139

potentiometrically determined,
130-139, 146, 147

practical considerations, 143, 144

Re(I)/Re(0), 173

Re(IT)/Re(I), 173

reversible, 128-151

Ru(IIT)/Ru(II), 173, 179

theoretical considerations, 140-143,
195

tyrosine phenoxy radical pair, 224

voltammetrically determined, 130, 131,
139-150

Reductases

adrenodoxin, 364, 365, 368, 369, 371,
372

artificial, 162

cytochrome by, 8, 9

ferredoxin, 160

flavin containing, 160

FMN, 137

FMN/FAD, 77, 90

methionine synthase, 290

NADPH, 464

NADPH-cytochrome P450, 101, 102,
104, 371, 373, 414, 499, 569

NADPH-dependent ferredoxin, 8, 9

nitric oxide, 249

P450, 364

putidaredoxin, 176, 323
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Reduction potentials, see Redox
potentials
Reptiles, 487
chemical defense, 490, 491
P450 regulation, 491-493
Resonance Raman spectroscopy, see
Raman spectroscopy
Resorufin
7-benzyloxy-, 464, 467, 508
alkoxy-, 481
demethylation, see Demethylation
ethoxy-, 465, 508, 518
methoxy-, 514
O-dealkylation, see Dealkylation
O-deethylation, see O-Deethylation
pentoxy-, 484, 508, 518
structure, 464
Respiratory chain
inhibition, 299
Respiratory tract
cancer, 484
Rhenium (0), 173
Rhenium(T)
wires, 173, 175-177
redox potentials, see Redox potentials
Rhizopus nigricans, 523
Rhodium(I)
diimine complex, 171
Rhodococcus sp., 8, 526, 528, 533
erythropolis, 527, 528
rhodochrous, 527, 528
Rhodospirillum rubrum, 307
Rhodotorula minuta, 419
Rhodovulum sulfidophilum, 308
Rice, see Oryza sativa
Rifampicin, 485, 486, 497, 579, 580, 608
Ritonavir, 309, 599, 612
Rubredoxin, 149
crystal structure, 66
Ruthenium(I)
2,2’-bipyridyl complex, 178
Ruthenium(II), 40, 4648, 172, 173
2,2’-bipyridyl complex, 175, 178, 179
diimine, 162, 171, 174
porphyrins, see Porphyrins
redox potential, see Redox potentials
wires, 176, 177
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Ruthenium(III), 172, 173
2,2’-bipyridyl complex, 171, 173, 178
redox potential, see Redox potentials
Ruthenium(IV), 46
Ruthenium(VI), 40

S

Saccharomyces
cerevisiae, see Yeast
diastaticus, 531
genome, 4
Saccharopolyspora erythraea, 304
Saccostrea glomerata, 512
Salmo salmar, 495, 497
Salt bridge in P450s, 89, 239, 246
Saponines, 362
Saxitoxin
red-tide, 119
Scallop (see also individual names), 104,
119
Schistosoma mansoni, 105
Schistosomiasis, 105
Schizosaccharomyces pombe, 8
Scoparone
metabolism, see Metabolism
Sea anemone (see also individual names),
512
P450s, 102, 103
Seal, 100
Sea lion, 100
Sea squirts (see also Ascidians), 498
P450 genes, 108
Sea stars (see also individual names),
108, 508, 509
P450s, 102
Sea urchins (see also individual names),
108, 508, 509
Secologanin
structure, 417
Seldane®, see Terfenadine

Serine

phosphorylation, 15
Serotonin

receptor inhibitor, 598
Shark, 100
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Shrimps (see also individual names), 107,
508
grass, 106
Shunt pathway, 32, 37, 40, 196, 217, 224,
280, 325
Site-directed mutagenesis of
P450s, 72, 137, 138, 218-221, 242,
270, 271, 370, 444-452, 459,
463-465, 468, 531, 572, 574
Skin
expression of P450s, 384
fungal infections, 301
Snails (see also individual names), 105,
110, 511
atrazine-exposed, 104
Snake (see also individual names), 491,
492
Solanum tuberosum, 423
Soret band, 179
compound I, 217
metal-diimine wires, 175
P420, 306
P450-carbon monoxide complex,
203-208, 275, 305-307, 325
P450-dioxygen complex, 211, 213
P450-nitric oxide complex, 293-295,
308
P450s, 158, 197, 223, 287-300, 302,
349, 352
Spearmint
limonene-6-hydrolase, 468
P450, 6
Spectroscopy (of)
azole drug binding to P450s, 302, 303
list of techniques, 191, 192
Sphingomonas paucimobilis, 527
Sphingosine, 378
Spironolactone, 384
Sponges (see also individual names),
110, 111, 512
Stability constants, see Binding constants
Steroids (see also individual names), 98,
99, 287, 600
acute regulation of biosynthesis, 375,
376
androgens, 300, 343, 370, 374, 375,
381, 409
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biosynthesis, see Biosynthesis
chlorinated, 309
chronic regulation of biosynthesis,
376-379
ecdy-, 107, 108, 111
hydroxylation, see Hydroxylation
neuro-, 383
overproduction, 373
plant, see individual names
receptors, 492
structures, 362
Steroidogenic factor 1, 376379, 382,
384, 385
Sterols, 571
biosynthesis, see Biosynthesis
demethylase activity, 302
phyto-, 362, 363
structures, 362
Stigmasterol
structure, 362
St. John’s wort, 612
as P450 3A4 inducer, 580, 597, 610
Stopped flow studies of
P450s, 192, 208-210, 213,
217221
Streptomyces
carbophilus, 530
coelicolor, 275, 441, 456
griseus, 527, 528, 533
P450s, 4, 257
Strongylocentrotus
droebachiensis, 509
purpuratus, 110, 508
Structure—function relationships of P450s,
370
Styrene, 485
3-chloro-, 453, 454
structure, 454, 522
Suberite domuncula, 512
Sulfaphenazole, 566
as inhibitor, 573
Sulfide oxidation, 322
Sulfite oxidation, 308
Sulfolobus solfataricus, 7, 87, 304,
456
Sulfones, 322
Sulfoxides, 322
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Sulfur
343,303
Superoxide, 38, 189, 211, 298
ferric complex, see Iron(III)
formation, 12, 216, 286, 325
Superoxide dismutase, 298
Surfactants, 145-148
Synthases
aldosterone, 61
allene oxide, 7, 8
cystathionine 8-, 12, 307
divinyl ether, 7
isoflavone, 421
prostaglandin H, 8, 39, 40
prostacyclin, 299, 426, 571
thymidylate, 87
thromboxane, 7, 426, 571
Synthesis of
antibiotics, 286
bio-, see Biosynthesis
camalexin, 14
nitric oxide, 290-293

T

Tacrolimus, 606, 611
Takifugu rubripes (see also Fugu),
111-115, 494

Tamoxifen, 599

Tanabe-Sugano diagram, 198

Taxol, 467

Temperature jump studies of
P450s, 191, 192, 199

Teratogens, 492

Terfenadine, 565, 597, 610-612
bioavailability, 608
metabolism, see Metabolism
toxicity, see Toxicity

Terpenes, 481, 526, 527
metabolism, see Metabolism
oxidation, 450
sesqui-, 450

Testis (see also Gonads), 369, 379
hormone biosynthesis, 370, 387-381
regulation of hormones, 379, 380

Testosterone, 72, 248, 278, 364, 409,

456, 467, 527, 575, 600
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17-O-acetyl-, 404
63-, 278
biosynthesis, see Biosynthesis
hydroxylation, see Hydroxylation
isotope labelling studies, 278
metabolism, see Metabolism
structure, 363, 410
3,3’,4,4’-Tetrachlorobiphenyl, 488, 492,
497, 512
oxidation, 491
Tetradecanoic acid, 401
Tetrahydrobiopterin, 82, 291
3,3,5,5-Tetramethylcyclohexanone, 199,
205, 210
Tetraodon nigroviridis, 494
Theophylline, 483
Therapeutic index, 574
Thermus thermophilus, 87
Thioanisole, 171
Thiocarbamates
di-, see Dithiocarbamates
diethyldi-, 495
Thiols (and thiolate groups) (see also
individual names), 333-337
as porphyrin ligands, 31-40, 128
heme—, see Heme
proximal, 136
Thiosulfate
oxidation, 308
Threonine
hydroxyl group, 331-333
phosphorylation, 15
role in P450 catalysis, 331-333
Thromboxanes, 426-429
A,, 7
biosynthesis, see Biosynthesis
synthase, see Synthases
Ticlopidine, 309
Tienilic acid, 309
as inhibitor, 573
bioactivation, 580
hepatotoxicity, 573, 580
metabolism, see Metabolism
structure, 580
Tin
tributyl, 104, 106, 111, 508, 511,
522
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Tobacco, 505, 518, 520, 607
procarcinogen, 484
smoke, 597
Tolbutamide
hydroxylation, see Hydroxylation
Tomato, 408, 423
Toxicity (of)
acetaminophen, 577
geno-, see Genotoxicity
hepato-, see Hepatotoxicity
terfenadine, 578
test systems, 487
Toxins (see also individual names)
afla-, see Aflatoxins
algal, 100, 119
myco-, 417
phyto-, 505
saxi-, 119
xantho-, see Xanthotoxin
Transferases
glutathione-S-, 14, 118-120, 519
glycosyl, 519
uridine dinucleotide phosphate
glucuronosyl, 571
Tributyltin, 104, 106, 111, 508
metabolism, see Metabolism
structure, 522
1,3,5-Trichlorobenzene, 532
oxidation, 449
structure, 448
Trypsin, 70
chymo-, see Chymotrypsin
Triazoles
as P450 inhibitors, 288
1,1,1-Trichloro-2,2-bis(4-
chlorophenyl)ethane, see
DDT
Trichosporon cutaneum, 296
Troleandomycin, 485
Trout
rainbow, 493, 495, 497
Trypanosomes, 513
Tryptophan
radical, see Radicals
Tulipa gesneriana, 423
Tuna, 100
Turkey, 488, 490
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Turtles, 487, 490, 491
Tylenol®, see Acetaminophen
Tyrosine

nitration, 298, 299

U

Ubiquitination of
P450, 15

Unio tumidus, 105

UV-Vis spectrophotometry of
oxyferrous adducts, 349, 350
P450s, 191, 192, 197, 245, 252

\'

Valencene, 450, 451, 453, 531
structure, 448
Vancomycin, 236
Vasoconstriction, 426
Vasodilation, 426
nitric oxide, see Nitric oxide
Verapamil, 534, 597, 599
Vertebrates (see also individual names)
non-mammalian, 487—498
P450s, see P450s
Vinclozolin, 489
Vitamin A, 571
Vitamin C, see Ascorbate
Vitamin D, 384
oxidation, 571
Vitamin D,
hydroxylation, see Hydroxylation
metabolism, see Metabolism
Vitamin D5, 400, 406
oxidation, 417
reactions, 406, 407
Voltammetry (studies of)
comparison of data, 150, 151
cyclic, see Cyclic voltammetry
P450s, 130, 131, 138-151, 166, 170
surface-confined, 142-144, 146, 151
Voriconazole, 302
structure, 301
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w

Warfarin, 527, 597, 601, 602, 614
hydroxylation, see Hydroxylation
metabolism, see Metabolism

Western population, 573, 576

Whale, 100, 101
P450 genes, 115, 116

Wires
biphenyl-tethered, 179
electrun-tunneling, 171-180
-mediated P450 oxidation, 179, 180
-mediated P450 reduction, 178, 179
metal-diimine, 171-174
P450-wire conjugates, 174-178

X

XAS, see X-ray absorption spectroscopy

Xanthotoxin, 504, 507

Xenobiotics, 14, 98, 99, 101, 116, 158,

321, 344, 571

bioactivation, 518
biotransformation, 477-537
catabolism, 17
chemical defense against, 477-535
decomposition, 530-534
detoxification, see Detoxification
effects of P450s, 102-108, 117
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excretion, 603
hydrophobic, 330
list of, 522, 523, 526
metabolism, see Metabolism
mineralization, 524
receptor, 489
resistance, 111, 118, 119
structures, 522, 523, 526
Xenopus
laevis, 487, 491, 492
tropicalis, 491, 492
X-ray absorption spectroscopy of
P450 models, 273

Y

Yarrowia lipolytica, 524
Yeast (see also individual names), 419,
532
alkane assimilation, 524, 525
genome, 4
P450, 4, 18, 373

Y4

Zebrafish (see also Danio rerio), 494,
497
Zinc(ID), 49, 50









