
A

A.
cylindrica, see Anabaena
eutrophus, see Alcaligenes
fulgidus, see Archaeoglobus
japonicus, see Aspergillus
metalliredigenes, see Alkaliphilus
niger, see Aspergillus
pleuropneumoniae, see Actinobacillus
thaliana, see Arabidopsis
vinosum, see [NiFe] hydrogenases

AAS, see Atomic absorption spectroscopy
Absorption of

nickel, 621, 622
Absorption spectroscopy

nickel superoxide dismutase, 433
ACDS, see Acetyl-coenzyme A 

decarbonylase/synthase
Acetate (or acetic acid)

bridge, 219
buffer, 161
cleavage, 359, 388
2-cyano-2-(hydroxyimino)-, 75, 76
degradation, 385
formation, 359, 386, 388
nickel(II), 604, 627, 628, 637, 639, 640, 

642
oxidation, 359
reduction, 384

Acetohydroxamic acid, 228
urease complex, 259–261, 272

Acetonitrile as ligand, 218
Acetonylphosphonate

Ni(II) complex, 117
Acetyl-coenzyme A

biosynthesis, see Biosynthesis
formation, 389, 390, 393

Acetyl-coenzyme A decarbonylase/
synthases, 326, 327, 369, 376, 
383–386

archaeal, 386–389
evolution, 386–393
genome sequences, 409, 410
physiological roles, 386–393
properties, 359, 360
subunit phylogeny, 371, 372, 381, 382

Acetyl-coenzyme A synthases, 376, 383, 
524, 530

active site, see Active site
mechanism, 378
models, 200–212
molecular chaperones, 538
synthesis, see Biosynthesis

Acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases, 35, 37, 
81, 182, 360, 366, 369, 371, 373–381, 
385, 524, 525

acetylated state, 379, 380
A-cluster, see Clusters

Subject Index

Metal Ions in Life Sciences, Volume 2 Edited by Astrid Sigel, Helmut Sigel and Roland K. O. Sigel
© 2007 John Wiley & Sons, Ltd

CO
PYRIG

HTED
 M

ATERIA
L



662 SUBJECT INDEX

[Acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases]

Carboxythermus hydrogenoformans, 
359

catalytic cycle, 379, 380
conformational change, 381, 382
conserved residues, 375
evolution, 392, 393
genes in bacteria, 373, 389–392, 538
inhibition, 381
methylated state, 379, 380
models, 200–211
Moorella thermoacetica, 359, 361, 365
Ni(0) state, 377–379
Ni(I) state, 204, 205, 377–379
properties, 359
protein sequence alignments, 402–404
reductive activation, 377–379
structure, 362
subunit phylogeny, 371–373, 381, 382, 

391
Acetyl phosphate

Ni(II) complex, 115–117
Acidity constants (see also Equilibrium 

constants) of
5�-ATP, 143
adenosine, 151
amino acids, 67
buffers, 163
dihydroxyacetone phosphate, 117
1,N6-ethenoadenosine nucleotides, 150
fl avin mononucleotide, 148
glycerol 1-phosphate, 117
hydroxamic acid, 72, 73
methane, 349
methyl thiophosphate, 155
microconstants, 73, 120, 137, 138, 155
Ni(aq)2�, 111
nucleoside 5�-diphosphates, 142
nucleoside 5�-triphosphates, 143
nucleotides, 115, 156
phosphate groups, 128, 129, 148, 158
purine nucleobases, 119, 120, 159
purine-nucleoside 5�-monophosphates, 

135, 146
purine-nucleotide (N1)-oxides, 

152–154

[Acidity constants]
pyridine, 120
pyrimidine-nucleoside 5�-

monophosphates, 134, 135, 146
ribose, 112
urea, 224, 271
urease, 250, 265, 270, 271
xanthosinate 5�-monophosphate, 146

Acireductone, 477, 478, 481, 488–492
Acireductone dioxygenase, 182, 477–481, 

486, 528
active site, see Active sites
Co(II), 474, 479
enzymatic studies, 489
Fe(II), 474, 479, 480, 483, 486, 

489–491, 496
homologs, 481–483
Klebsiella oxytoca, 474–494
mechanistic considerations, 490–493
Mg(II), 474, 479
Mn(II), 474, 479
model, 229
mutation, 475, 480, 490
nickel in, 473–496
‘one protein, two enzymes’, 477–481, 

486
related enzymes, 493–495
sequence identity, 482
spectroscopy, see individual methods
structures, 483–486
wild-type, 479, 480, 490

A-cluster, see Clusters
Aconitase, 553
ACS, see Acetyl-coenzyme A synthases
ACS/CODH, see Acetyl-coenzyme 

A synthases/carbon monoxide 
dehydrogenases

Actinobacillus pleuropneumoniae, 560
Active sites of (see also Cluster)

acetyl-coenzyme A synthase, 203, 205, 
207, 209, 214, 522, 523

acireductone dioxygenase, 483, 
486–490, 493–495, 522, 523, 528

alcohol dehydrogenase, 272
carbon monoxide dehydrogenase, 200, 

202, 522–524
[Fe]-only hydrogenase, 192, 197
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[Active sites of]
glyoxalase I, 455–458, 462, 522, 523
methyl-coenzyme M reductase, 

337–340, 344, 347, 349, 350, 522, 523
nickel enzymes, 181–230
nickel superoxide dismutase, 426, 428, 

429, 434, 436, 437, 522, 523, 526
[NiFe] hydrogenase, 192, 193, 195, 

212, 282, 284, 286, 289, 290, 292, 
293, 295, 300, 301, 303, 305, 306, 
308, 311, 522, 523

urease, 214–229, 244, 245, 249–266, 
268, 269, 272, 522, 523, 555

Adefovir, see 9-[2-(Phosphonomethoxy)-
ethyl]adenine

Adenine(s) (and residues), 141, 167, 168
8-aza-, 146
9-methyl-, 138
9-methyl-1,3-dideaza-, 144
Pt(II) complex, 145
structure, 118

Adenosine, 112
1,N6-etheno-, see 1,N6-

Ethenoadenosine
2�-deoxy-, 112
acidity constant, 151
ε-, see 1,N6-Ethenoadenosine
methylthio-, see Methylthioadenosine
Ni(II) complex, 119, 120
self-association, 139
structure, 118

Adenosine 5�-diphosphate, see 5�-ADP
(N1)-oxide complex, 153, 154

Adenosine monophosphates, see 2�-AMP, 
3�-AMP, and 5�-AMP

Adenosine 5�-monophosphate (N1)-oxide
acidity constants, see Acidity constants
complexes, 150–154
stability constants, see Stability 

constants
Adenosine 5�-O-thiomonophosphate

acidity constants, see Acidity constants
complexes, 154–156
stability constants, see Stability constants

Adenosine 5�-triphosphate, see 5�-ATP
S-Adenosylmethionine, 475, 476, 481, 

526, 528

Adenylate cyclase, 513
5�-ADP, 131, 512

Cu(II) complex, 140, 141
metal ion complexes, 142
Ni(II) complex, 140, 141, 143, 153

Aeropyrum pernix, 509
Aerosols (containing) (see also 

Atmosphere)
nickel, 621, 623, 628, 629, 638

Affi nity constants, see Stability constants
α-Alanine (and residues)

hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 70
stability constants, see Stability 

constants
β-Alanine (and residues)

hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 66, 70 
stability constants, see Stability 

constants
Albumin

Cu(II) complex, 65, 84
human serum, see Human serum 

albumin
-like complex, 83, 84
metal-binding motif, 80

Alcaligenes eutrophus, 560
Alcohol dehydrogenase

active site, see Active sites
zinc in, 272

Aldolases, 477
Algae (see also individual names), 47

green, 39, 44, 45, 314
urease, 242

Alkali metal ions, see individual names
Alkaline earth ions, see individual names
Alkaliphilus metalliredigenes, 390
Allergy

nickel-induced, 84, 582, 584, 592, 601, 
621, 622

skin, see Dermatitis and Skin
Alloys containing nickel, 6
Alps

nickel deposition, 15, 16
Aluminum(III)

hydroxide, see Hydroxides
oxide, see Oxides
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Alyssum, 48
bertolonii, 49, 51, 52
lesbiacum, 50
pintodasilvae, 12
murale, 49

Amides (see also individual names), 80, 
81

deprotonated, 66
linkage, 86
oxal-, 65
thio-, 79

Amine(s) (see also individual names)
glycosyl-, see Glycosylamine
tris(2-aminoethyl)-, 119, 121

Amino acids (see also individual names)
acidity constants, 67
Cu(II) complexes, 95
derivatives, 71–76
list of, 67
Ni(II) complexes, 63–97
stability constants, see Stability 

constants
stereoselectivity of nickel complexes, 

71
Zn(II) complexes, 95

Aminohydroxamates
Ni(II) complexes, 71–74

α-Amino-iso-butyric acid, 87, 88
Ni(II) complex, 77
Ni(III) complex, 93

δ-Aminolevulinic acid
13C-, 328

2-Amino-6-oxopurine, see Guanine
Aminophosphonates

Cu(II) complexes, 72
Ni(II) complexes, 71, 72

6-Aminopurine, see Adenine
Ammonia, 216, 224–227, 242, 271, 554, 

556–558
Amoxicillin, 549
2�-AMP

metal complexes, 144–146, 164
3�-AMP

metal complexes, 144–146, 164
5�-AMP (complexes of), 131–134

Cu(II), 137, 141

[5�-AMP (complexes of)]
7-deaza-, see Tubercidin 5�-

monophosphate
metal ion complexes, 138
Mg(II), 136, 137, 141, 157
Mn(II), 137, 141
Ni(II), 113, 136, 137, 139, 141, 156
Zn(II), 137

Anabaena cylindrica, 38, 39
[14]aneN4, see Cyclam
Angiogenesis, 85
Angiotensin II, 85
Animals, see individual species
Animal studies of (see also individual 

species)
nickel toxicity, 625–631

Anserine, 90
Antagonistic action, see 

Interdependencies
Antarctica

nickel deposition, 15
Anthropogenic (see also Environment)

nickel, 2, 7, 14, 15, 41, 42
Antibiotics (see also individual names), 

79, 464
gastritis, 547
resistance, 568
treatment of Helicobacter pylori 

infection, 547–549, 568
Antigens for nickel allergy, 84
Antimicrobial therapy, 547
Antimonide

nickel, 4
Antioxidant(s) (see also individual 

names), 90, 588, 589, 599, 600, 636, 
637

metabolism, see Metabolism
Apoptosis, 448, 476, 551, 584, 592, 601, 

602, 604–607, 644
Arabidopsis thaliana, 47, 51
Archaea (see also individual names), 37

acetyl-coenzyme A synthase/carbon 
monoxide dehydrogenase, 386–389

carbon monoxide dehydrogenase, 371
corphin coenzyme F430, see F430

corrinoid iron-sulfur proteins, 382, 383
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[Archaea]
methanogenic, 203, 323–350, 384, 

524–526
NikR, 562

Archaeoglobus fulgidus, 369–371, 383, 
384, 389

Arctic
Canadian, 8, 16
nickel concentrations, 2, 8, 16
Norwegian, 2

Arginine (and residues), 84
Ni(II) complex, 68, 83

Arsenide
nickel, 4

Arteriosclerosis, 629
Ascorbate (or ascorbic acid), 584, 

593–595, 600, 636, 637, 646
oxidation, 593
peroxidase, 44

Asparagine (and residues)
Ni(II) complex, 69

Aspartic acid (and residues)
Ni(II) complex, 69, 78

Aspergillus
niger, 449, 451
japonicus, 493, 494

Association constants, see Stability 
constants

Asthma
nickel-induced, 582, 584, 623, 624

Atmosphere (see also Aerosols)
nickel in, 2, 6–15, 17, 20

Atomic absorption spectroscopy
nickel samples, 4, 5

5�-ATP, 475, 512, 607, 631, 637
acidity constants, see Acidity constants
-dependent molecular chaperone, 524
dephosphorylation, 161
exchange reaction, 523
hydrolysis, 144, 286, 529, 538, 539
metal ion complexes, 141–143, 

164, 165
phosphohydrolase, 369
stability constants, see Stability 

constants
structure, 130

ATPase(s), 534, 539, 560
inhibition, 45

Australia
nickel mining, 4

Avena sativa, 19
8-Azaadenine, 146
Azide as inhibitor, 366, 432

B

B.
japonicum, see Bradyrhizobium
pasteurii, see Bacillus
subtilis, see Bacillus

Bacillus
pasteurii, 244–267, 530–532, 

536, 555
subtilis, 477, 479, 494, 495

Bacteria(l) (see also individual names), 
19, 477

acetogenic, 203, 524
anaerobic, 37
Archaea, see Archaea
cyano-, see Cyanobacteria
gram-negative, 450, 453, 553, 562
gram-positive, 449, 553
methanogenic, 37, 281
N2-fi xing, 38
pathogens, 49
photosynthetic, 391
proteo-, 391, 392

Bacteriochlorin
iso-, 187

Bacteriophage ΦX174, 513, 514, 533
BAL, see 2,3-Dimercaptopropanol
Barium(II) (complex with)

carbonyl binding, 123
cytidine, 126
fl avin mononucleotide, 148
pyrimidine, 122
xanthosine 5�-monophosphate, 148

Bark as biomonitor, 10
Battery

nickel/cadmium, 6
B-cluster, see Clusters
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Beans
Jack, see Jack bean
nickel in, 19
soy, see Soybean

Berkheya coddii, 49, 51, 52
Bicine

acidity constants, 162
stability constants of metal ion 

complexes, 163
structure, 162
ternary complexes, 161–163

Binding constants, see Stability constants
Bioavailability of nickel, 17–20, 46
Biogeochemistry of nickel, 1–21
Biomonitors for nickel, 8–10, 17

bark, 10
lichen, see Lichen
moss, see Moss

Biosynthesis
acetyl-coenzyme A, 380, 381, 384, 385, 

387, 388, 390, 392
acetyl-coenzyme A synthases, 359, 

360
cobalamin, 386, 527, 534
F430, 526
glutathione, 51
histidine, 50
hydrogenases, 514, 529
nickel superoxide dismutase, 529
[NiFe] hydrogenases, 284–286, 291, 

537, 539
phospholipid, 590
polyamine, 476, 477, 528
urease, 563, 564

2,2�-Bipyridine, 132, 205
Ni(II) complex, 168
Ni(III) complex, 92, 141
ternary complexes, 164

2-[Bis(2-hydroxyethyl)amino]-
2(hydroxymethyl)-1,3-propanediol, 
see Bistris

Bis(hydroxyethyl)glycine, 
see Bicine

Bis(imidazol-2-yl)methylamine, 79, 80
Bis(N,N-diethyldithiocarbamoyl)disulfi de, 

see Disulfi ram

Bistris
acidity constants, 163
stability constants, 163
structure, 162
ternary complexes, 161–163

Biuret reaction, 65, 66
Cu(II) complex, 65

Black Sea
methanogenic archaea, 343–345

Bleomycin
Ni(III) complex, 92

Bonds
disulfi de, see Disulfi de
hydrogen, see Hydrogen bonds
Ni(III)–alkyl, 340, 341
Ni–C, 190, 333, 379
peptide, 83
persulfi de, see Persulfi de
prolyl, see Prolyl bond

Boric acid (or borate)
buffer, 161
inhibition of urease, 255, 256, 

267–270
Bradyrhizobium japonicum, 37, 529, 533, 

560
Brassica juncea, 451
Brassicaceae

nickel hyperaccumulation, 40
Breast cancer, see Cancer
British anti-Lewisite, see 2,3-

Dimercaptopropanol
Bronze Age, 6
Brucella sp., 560
Bryophytes (see also individual names) 

17
Buffers (see also individual names)

acetate, 161
acidity constants, 163
Bicine, see Bicine
Bistris, see Bistris
borate, 161
imidazole, 161
phosphate, 161
stability constants, 163
ternary complexes, 161–164
Tris, see Tris
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C

C.
acetobutylicum, see Clostridium
botulinum, see Clostridium
diffi cile, see Clostridium
diffi cile, see Clostridium
hydrogenoformans, see 

Carboxythermus
tetani, see Clostridium
thermoaceticum, see Moorella 

thermoacetica
Cabbage

nickel toxicity, 18
Cadmium(II) (in/complexes with)

chelator, 47
cytidine, 126
fl avin mononucleotide, 148
glyoxalase I, see Glyoxalase I
hydrogenase, 524
hyperaccumulation, see 

Hyperaccumulating plants
nucleic acid binding, 167
nucleotides, 144, 148
peptides, 80
pyridines, 123, 125, 127
ternary nucleotide complexes, 164
transporter, 38
uridine, 127, 128

Calcineurin, 603
Calcium(II) (in)

channel, 627, 629, 645
channel blocker, 603
fl avin mononucleotide complex, 148
glyoxalase I, see Glyoxalase I
homeostasis, see Homeostasis
interdepency with other metal ions, see 

Interdependencies
intracellular, 84
ionophores, 602, 603
metabolism, see Metabolism
xanthosine 5�-monophosphate complex, 

148
Calmodulin, 505, 603
Calorimetry

isothermal, 454, 458, 480

Calvin cycle, 44
Campylobacter pyloridis, see 

Helicobacter pylori
Canada

Arctic, see Arctic
nickel mining and smelting, 4, 8–10, 

14, 17, 41, 42
Canavalia ensiformis (see also Jack 

bean), 37, 242
Canavalin, 485, 528
Cancer (see also Carcinomas, Tumors 

and individual names)
breast, 496, 597
colorectal, 476
gastric, 547
histopathology, 638, 639
ovarian, 483, 597
respiratory tract, 621, 623, 639

Capillary electrophoresis
nickel samples, 5

Carbohydrates (see also Sugars and 
individual names), 111

Carbon
13C-label, 206, 341
14C, 346, 624
global cycle, 524, 525
Ni–C bond, 190, 333, 379

Carbon dioxide, 358, 365
14C, 346
as energy source, 324–326, 341
fi xation, 326
formation, 493, 524, 554, 556, 557
reduction, 324, 326, 384, 386, 387, 524

Carbonic anhydrase, 554, 557
Carbon monoxide (in)

13C, 206
14C, 346
as signaling molecule, 496
dehydrogenase, see Carbon monoxide 

dehydrogenase
formation, 203, 474, 478, 479, 481, 483, 

490–492, 496, 523
[NiFe] hydrogenase, 192, 281–283, 

285, 286, 288, 290, 292, 294, 295, 
300–303, 310–313, 523

oxidation, 358–393, 524
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[Carbon monoxide (in)]
sequence aligments, 396–401
toxicity, see Toxicity

Carbon monoxide dehydrogenases, 182, 
211, 326, 429, 514, 524, 530

acetyl-coenzyme A synthases, see 
Acetyl-coenzyme A synthases/
carbon monoxide dehydrogenases

activation, 369
active site, see Active sites
Carboxythermus hydrogenoformans, 

361, 365, 524
catalytic cycle, 365
characteristics, 370
C-cluster, see C-cluster
clusters other than C, see Clusters
evolution, 392, 393
inhibitors, 366
metallochaperones, 534
models, 200–211
molecular chaperones, 538
mutants, 369, 371
nickel insertion, 534
nickel, 36, 37
phylogeny, 369–373
properties, 359
proton transfer, see Proton transfer
redox potentials, see Redox potentials
Rhodospirillum rubrum, 359, 361, 366, 

368, 369, 524
sequence analysis, 369–373
spectroscopic properties, 395
structure, 361, 362

Carbonyl group
metal ion binding, 115–117, 195
nickel, see Nickel carbonyl

Carboxylate(s) (see also individual 
names)

bridging, 216, 219, 249, 252
Carboxydothermus hydrogenoformans, 

36, 200, 202, 359, 369, 370, 372, 
373, 376, 390, 524, 525

Carcinogenesis (or carcinogenicity) (of)
effect of other carcinogens, 641
Helicobacter pylori, 548
in experimental animals, 639–642
mechanisms, 643–645

[Carcinogenesis (or carcinogenicity) (of)]
nickel, 82, 169, 582–584, 586, 587, 599, 

600, 602, 606, 607, 619–646
species susceptibility, 641

Carcinomas (see also Cancer and Tumors)
chorio-, 483
gastric, 548
nickel-induced, 638, 639, 641

Cardiovascular system
nickel toxicity, 629

Carnosine, 90
homo-, 90

Cat
nickel studies, 628

Catalase, 637
iron, 229

Catalytic cycle of
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 379, 380
carbon monoxide dehydrogenase, 365
F430, 188
glyoxalase I, 452, 465
methyl-coenzyme M reductase, 332, 

333, 347–349
[NiFe] hydrogenases, 281, 282, 295, 

296, 298, 307, 309–313
Catechol dioxygenase, see Dioxygenases
C-cluster, 361, 370, 380, 381, 385–388, 

390, 392
assembly mechanism, 368
nickel incorporation, 368, 369
nickel-defi cient precursor, 366–368
redox properties, 364–368
spectroscopic properties, 395
structural model, 363

CD, see Circular dichroism
5�-CDP (complexes with)

Cu(II), 140
Ni(II), 139, 140

Cell
death, see Apoptosis
malignant transformation, 642
nickel transport, 528–530
nickel-exposed, 585–587, 594, 608, 643

Channels
calcium, see Calcium
sodium, see Sodium



SUBJECT INDEX 669

Chaperones, 595
kinds of, 520
metallo-, see Metallochaperones
molecular, see Molecular chaperones
nickel, see Nickel chaperones

Charge transfer
ligand-to-metal, 185

Chelating agents (see also individual 
names)

Ni(II) complexes, 79, 80
Chemokines, 584, 592, 601, 604

genes, 591
Chelation therapy

nickel toxicity, 624
China

nickel pollution, 41
Chlamydomonas sp., 45

reinhardtii, 291
Chloride

nickel, see Nickel chloride
Chlorobium phaeobacteroides, 392
Chlorophyll, 46

heavy metal-substituted, 43, 44
magnesium substitution, 43, 51
nickel-substituted, 43, 44, 48

Chromatin damage, 635, 636, 643, 644
Chromatography of nickel, 5
Chromosome

aberration, 635
damage, 585

α-Chymotrypsin, 511
Circular dichroism

glyoxalase I, 456
Ni(II)-peptide complexes, 80, 86, 91
Ni(II)-sugar complexes, 113
nickel superoxide dismutase, 214, 433

Citrate
bismuth citrate, 549
Ni(II), 18–20, 47, 50, 266
Ti(III), 375, 377, 378

Cladina sp., 10
Cladonia pleurota, 10
Clarithromycin, 549, 568
Cleavage

acetate, 359, 388
dihydrogen, 193,194, 312, 313
DNA, 90, 167, 635, 636

[Cleavage]
hydrolytic, 217
4-nitrophenylphosphate, 217
picolinamide, 218
protein, 90
RNA, 167
thioether bond, 190

Clostridium sp., 389, 390, 450
acetobutylicum, 291, 390
botulinum, 390
diffi cile, 370, 371, 373, 390
tetani, 390
thermoaceticum, see Moorella 

thermoacetica
Clusters

A-, 374–381, 385, 386, 392, 525
B-, 361, 367, 370, 385, 387, 389, 395
C-, see C-cluster
cubane, 200, 204, 205, 367, 374, 377, 

378, 524
D-, 361, 365, 367, 370, 371, 385, 

387–390, 395
E-, 371, 385
F-, 371, 385
Fe3S3, 200
Fe3S4, 201, 283, 289, 292, 300, 301, 

362, 366, 367, 370, 387, 395, 524
Fe4S4, 35, 203–206, 230, 283, 289, 292, 

300, 311, 312, 361, 367, 370, 371, 
374, 376–379, 381–383, 385, 387, 
392, 393, 395, 422, 524, 525, 632

FeS, 200, 281–283, 287
Ni2Fe4S4, 210, 525
NiFe3S4, 200, 202, 205, 524
NiFe4S4, 200
NiFe4S5, 200, 523

5�-CMP (complexes with), 133, 135
Ba(II), 122
Cd(II), 126
Co(II), 126
2�-deoxy-, 126, 158
Ni(II), 134, 139
Pt(II) complex, 122

Coal
nickel in, 21

Cobalamins 
biosynthesis, see Biosynthesis
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[Cobalamins]
cob(I)alamin, 330, 379, 382, 383, 390
cob(II)alamin, 330
methyl-, see Methylcobalamin

Cobalt (different oxidation states) (in)
contact dermatitis, see Dermatitis
hyperaccumulation, see 

Hyperaccumulating plants
transporters, see Transporters

Cobalt(II) (complexes with)
acireductone dioxygenase, see 

Acireductone dioxygenase
carbonyl group, 117
cytidine, 125, 126
fl avin mononucleotide, 148
glyoxalase I, see Glyoxalase I
hydroxyl group, 117
low-spin d7, 92
nucleic acid binding, 165–167
AMP (N1)-oxide, 153
pyridine, 123, 127
SlyD, 512
ternary ATP–buffer complexes, 

163
urease, 266, 267
uridine, 127, 128
water exchange rate, 111
xanthosine 5�-monophosphate, 148

Cobalt(III)
peptide complexes, 93

CODH, see Carbon monoxide 
dehydrogenases

Coenzymes (see also individual names)
A, 326
B (see also 

7-Thioheptanoylthreoninephosphate), 
182, 185

F420, see F420

F430, see F430

M, 336–342, 345, 346, 348, 
349, 383

Cofactor F430, see F430

Collagen, 590, 593, 646
Coordination spheres, see Active sites
Copper (different oxidation states)

contact dermatitis, see Dermatitis
smelting, see Smelting

Copper(I) (in), 44, 206–208
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 374
Copper(II) (complexes of), 44, 122

albumin, 65
aminophosphonate, 72
and fi brinopeptides, 84
biuret, 65
carbonyl group, 117
crystal structures, see X-ray crystal 

structures
dihydroxyacetone phosphate, 117
1,N6-ethenoadenosine nucleotides, 150
fl avin mononucleotide, 148
glycerol 1-phosphate, 117
histidine, 95
hormone, see Hormones
hydroxyl group, 117
in plants, see Plants
in quercetin 2,3-dioxygenase, 493–495
in SlyD, 512
in urease, 267
1-methylcytosine, 122, 123
nucleotide, 137, 138, 140–146, 157, 158
peptides, see Peptides
phosphate, 130
purine nucleobases, 121, 146
purine-nucleotide (N1)-oxides, 153, 

154
pyridine, 123, 125, 126
ribose binding, 112
ternary ATP–buffer, 163
ternary nucleotide complexes, 164
xanthosine 5�-monophosphate, 148

Copper(III)
tripeptide complexes, 87, 93

Copper-zinc superoxide dismutase, 
418–420, 428, 434, 436, 438, 526

Corphin
coenzyme F430, see F430

origin of name, 328
tetrahydro-, 328

Corrinoid iron-sulfur proteins, 360, 375, 
379, 382–387, 391–393, 525

protein sequence alignment, 405–408
subunit phylogeny, 383, 384

Corynebacterium sp., 643
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Crystal structures of (see also X-ray 
crystal structures)

acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases, 374

carbon monoxide dehydrogenases, 360, 
362

F430, 328
glyoxylase I, 455–458, 465
methyl-coenzyme M reductase, 

334–338, 342
nickel superoxide dismutase, 425, 429, 

430, 526
[NiFe] hydrogenases, 291–294
urease, 250, 253, 255, 257, 258, 260, 

262, 264–267
5�-CTP, 146

complexes, 129, 141, 143
structure, 131

Cubane cluster, see Cluster
Cupins, 483, 485, 493, 494, 528
Cyanate (in)

hydrolysis, 226, 227
thio-see Thiocyanate
urease, 216, 224–227

Cyanide (in), 37
carbon monoxide dehydrogenase, 366
diazotrophic, 38
Fur protein, 553
micronutrient, see Micronutrients
nickel, 32–54
nickel superoxide dismutase, 211, 526, 

527
[NiFe] hydrogenase, 192, 199, 281–283, 

285, 286, 288, 290, 292, 295, 300, 
302, 303, 305, 306, 310, 523

toxicity, see Toxicity
Cyanobacteria (see also individual 

names), 314
diazotrophic, 38
Fur, 553
micronutrients, 37–40
nickel in, 32–54
nickel superoxide dismutase, 211, 526, 

527
Cyclam (complex with)

Ni(I), 188
Ni(II), 189–191

[Cyclam (complex with)]
Ni(III), 144
tetramethyl-, 188–191

Cyclic voltammetry of
F430, 332
Ni(II) complexes, 213
Ni(II)-Ni(0), 210
Ni(II)-Ni(I), 210, 334
Ni(III) complexes, 92
[NiFe] hydrogenases, 197, 198

Cyclophilins, 503–505, 513
Cynops pyrrhogaster, 640
Cysteine (and residues), 84

bridge, 367, 374, 523
in [NiFe] hydrogenases, 286, 300, 308, 

523
Ni(II) complex, 66, 69, 80–82, 95, 96
oxidation, 308
seleno-, see Selenocysteine
S-methyl-, 338
β,β-dimethyl-, see Penicillamine

Cytidine
metal ions complexes, 123, 125, 126
structure, 118

Cytidine 5�-diphosphate, see 5�-CDP
Cytidine 5�-monophosphate, see 5�-CMP
Cytidine 5�-triphosphate, see 5�-CTP
Cytochrome b, 280, 283, 287
Cytochrome(s) c, 280, 287

c3, 283
c3 oxidoreductase, see [NiFe] 

hydrogenase
Cytochromes P450, 448
Cytokine(s), 584, 590–592, 601–604, 608

genes, 591, 592
Cytosine, 168

methylation, 584, 586, 607
structure, 118

Cytotoxicity of methylglyoxal, 448, 449, 
527

D

D.
baculatum, see Desulfomicrobium and 

Desulfovibrio
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[D.]
desulfuricans, see Desulfovibrio
ethenogenes, see Dehalococcoides
fructosovorans, see Desulfovibrio
gigas, see Desulfovibrio
hafniense, see Desulfi tobacterium
vulgaris, see Desulfovibrio

Data bases of proteins
PDB, see Protein Data Bank

D-cluster, 361, 365, 367, 370, 371, 385, 
387–390, 395

Decarboxylases
ornithine, 476
oxalate, 493, 494

Defi ciency of
nickel, 39, 40, 624, 625, 630
nitrogen, 40

Dehalococcoides ethenogenes, 382, 390
Dehydrogenases

carbon monoxide, see Carbon 
monoxide dehydrogenase

glucose-6-phosphate, 597
glyceraldehyde-3-phosphate, 448, 597
lactate, 446, 447
methylene tetrahydromethanopterin, 325

Density functional theory calculations
F430, 188, 331, 332, 341, 348
nickel superoxide dismutase, 436
[NiFe] hydrogenase, 301, 303–306, 

310, 312, 313
urease, 269, 271

2�-Deoxyadenosine, 112
1-(2�-Deoxy-β-D-ribofuranosyl)thymine, 

see Thymidine
Deoxyribonucleic acid, see DNA
2�-Deoxyribose, 112
Deprotonation constants, see Acidity 

constants
Dermatitis (induced by)

allergic contact, 582, 592, 624, 630
cobalt, 624
copper, 624
nickel, 621, 623, 624, 629, 637

Deschampsia fl exuosa, 18
Desulfi tobacterium hafniense, 369, 370, 

372, 390
Desulfomicrobium baculatum, 521, 523

Desulfovibrio
baculatum, 292
desulfuricans, 292, 370, 391
fructosovorans, 199, 289, 290, 292
gigas, 36, 196, 199, 281, 289, 292, 293, 

295–299, 305, 421, 521
vulgaris, 289, 292, 294, 295, 297, 298, 

301–303, 305, 306, 391
Detoxifi cation (of) (see also Toxicity)

chelation therapy, see Chelation 
therapy

mechanism in plants, 46–48
methylglyoxal, see Methylglyoxal
nickel, 46, 624
reactive oxygen species, 551, 552
superoxide radicals, 551

DFT calculations, see Density functional 
theory calculations

Diamidophosphate
urease complex, 256, 257, 268–272

1,2-Diaminoethane, see Ethylenediamine
1,4-Diaminobutane, see Putrescine
2,4-Diaminobutyric acid

hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 69, 71

1,3-Diaminopropane
Ni(II) complex, 70, 71, 112, 113

2,3-Diaminopropionic acid
hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 69, 71

2,6-Diaminohexanoate, see Lysine
2,5-Diaminopentanoate, see Ornithine
Dichotomy of metal ion binding to 

purines, 120, 121
Dielectric constant

reduced, 117, 149
Dien, see Diethylenetriamine
Diethyldithiocarbamate

sodium, 624
Diethylenetriamine (complexes of)

Ni(III), 92
Pt(II), 122

Diethylenetriamine-N,N,N�,N�N�-
pentaacetate, 19

prevention of contact dermatitits, 
624

Diglycine, see Glycylglycine
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Dihydrogen (see also Hydrogen)
as energy source, 324, 325, 341
cleavage, 193, 194, 312, 313
cycling, 38
dissociation, 280
[NiFe] hydrogenases, 281, 282, 289, 

290, 293–295, 311
oxidation, 38, 384, 387, 521
producing catalysts, 191
production, 193, 514

Dihydroxyacetone phosphate (complexes 
with), 115, 446, 448

Cu(II), 117
Ni(II), 116, 117

2,3-Dimercaptopropanol
nickel toxicity, 624

Dioxygen (see also Oxygen) (in), 422, 
593, 593

acireductone dioxygenases, 479, 
489–491, 493

formation, 418, 526
[NiFe] hydrogenases, 294, 295, 308, 

311, 314
oxidation, 495
reduction, 633

Dioxygenases
acireductone, see Acireductone 

dioxygenase
catechol, 463
quercetin 2,3-, 493–495

N,N�-Disalicylideneethylenediamine, 
see Salen

Diseases (see also individual names)
heart, 418
infl ammatory (see also Infl ammation), 

418
intestinal tract, 545–570
ischemic, 418
neurodegenerative, see 

Neurodegenerative diseases
Dismutases

superoxide, see Superoxide 
dismutase

Dissociation constants (see also 
Equilibrium constants and Stability 
constants)

urease, 252, 261

Disulfi de(s), 422
bonds, 78, 259, 425
bridge, 84, 379
formation, 325, 326, 333, 334
Ni(II) complex, 78, 79
radical, see Radicals
redox potential, see Redox potentials

Disulfi ram, 624
Dithiol (see also Thiols)

nickel complex, 333
Dithionite in

acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases, 375, 377

carbon monoxide dehydrogenases, 364
DNA

B-, 165
calf thymus, 167
cleavage, 90, 167, 635, 636
damage, 604–606, 608, 635, 636
duplex, 167–169
effects of Ni(II), 89
fragmentation, 605
inhibition of repair enzymes, 644
insertion, 287, 288
M-, 167, 168
methylation, 475, 583, 586, 587, 599, 

607, 644
microarray analysis, see Microarray 

analysis of DNA
nickel binding, 632
oxidative damage, 90, 585, 635, 636, 

643, 644, 646
–protein cross-linking, 635
recognition, 90
synthesis, see Synthesis
synthetic analogs, 80
Z-, 165

Dog
nickel studies, 630

Drugs, see individual names
dTDP, see Thymidine 5�-diphosphate
dTMP, see Thymidine 5�-monophosphate
DTPA, see Diethylenetriamine-

N,N,N�,N�N�-pentaacetate
Duodenum

ulcer, 546
dTTP, see Thymidine 5�-triphosphate
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E

E. coli, see Escherichia
Earth’s crust (see also Soil)

nickel in, 4, 6, 110
E-cluster, see Clusters
EDTA, see Ethylenediamine-N,N,N�,N�-

tetraacetate
Electrochemistry of

[NiFe] hydrogenases, 306–309
Electrodes

glassy carbon, 335
graphite, 306, 307, 309
platinum, 309
standard calomel, 334, 335

Electron density
[NiFe] hydrogenases, 294, 295, 298, 

299
urease, 251, 252, 256, 261, 265

Electronic spectra, see Absorption 
spectroscopy

Electron microprobe analysis
nickel samples, 5

Electron nuclear double resonance, see 
ENDOR

Electron paramagnetic resonance, see 
EPR

Electron potentials, see Redox potentials
Electron spin echo envelope modulation, 

see ESEEM
Electron spin resonance, see EPR
Electron transfer (in)

acetyl-coenzyme A synthase, 204
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 380, 385
carbon monoxide dehydrogenases, 

361–363, 365, 373, 388, 390, 391
Ni(III)/Ni(II)-peptide complexes, 88
[NiFe] hydrogenases, 282, 283, 293, 

298, 313, 325
proton-coupled, 418–420
superoxide dismutases, 418, 419

Electrophoresis
capillary, 5
polyacrylamide gel, 453
SDS-PAGE, see Sodium dodecylsulfate 

polyacrylamide gel electrophoresis

Electrospray ionization mass spectrometry
acetyl-coenzyme A synthase models, 209
nickel superoxide dismutase, 428

Elodea, 41
Empetrum nigrum, 18
ENDOR spectroscopy (of)

1H, 304, 305
17O, 305
C-cluster of carbon monoxide 

dehydrogenase, 364, 365
F430, 330, 331, 341, 342
Ni(I) complexes, 187
[NiFe] hydrogenases, 192, 193, 281, 

282, 303–305
Enterobacteriaceae, 446
Environment

nickel in, 1–21, 32–54
nickel pollution, 40–48, 524

Environmental Protection Agency of the 
United States

nickel concentrations, 4, 5
Enzymes (see also Proteins and 

individual names)
models of active sites, 181–230

EPR (studies of)
acetyl-coenzyme A synthase, 204, 206
F430, 183, 330–332, 338
glyoxalase I, 457
methyl-coenzyme M reductase, 335, 

338–342
Ni(I) complexes, 186, 187, 189, 210, 

377, 380
Ni(III) complexes, 65, 89, 91–93, 193, 

380
nickel enzymes, 34
nickel superoxide dismutase, 214, 429, 

431, 432
[NiFe] hydrogenases, 192, 193, 281, 

290, 291, 298, 300–306
Equilibrium constants (see also Acidity 

constants and Stability constants), 
121, 126, 153

defi nition, 132, 133
intramolecular, 125, 132
methyl-coenzyme M reductase, 346

Erythropoietin, 629, 640
nickel-induced expression, 592, 593
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Escherichia coli, 528
acetyl-coenzyme A synthase/carbon 

monoxide dehydrogenase, 373, 376
acireductone dioxygenase, 474, 479, 

491, 493
carbon monoxide dehydrogenase, 366, 

367, 369
Fur, 553
glyoxalase I, 451–465
methylglyoxal, 446, 449, 450
nickel mutagenicity, 643
nickel superoxide dismutase, 39, 423, 

425, 527
[NiFe] hydrogenase, 285, 286, 327, 

523, 532, 533, 537
NikR, 562, 563
peptidyl prolyl cis/trans isomerases, 

504, 505
SlyD, 502, 504–510, 513, 514, 533

ESEEM
four-pulse, see Hyperfi ne sublevel 

correlation spectroscopy
ESI-MS, see Electrospray ionization mass 

spectrometry
ESR, see EPR
1,N6-Ethenoadenosine

acidity constants, see Acidity constants
nucleotide complexes, 150, 151
stability constants, see Stability constants
structure, 151

N,N�-Ethylenebis(salicylideneaminato), 
see Salen

Ethylenediamine (complex with), 208
Ni(II), 70, 71, 112–114
Ni(III), 92

Ethylenediamine-N,N,N�,N�-tetraacetate 
(complex with), 451, 474

Ni(II), 18, 19, 41, 266, 567
Eukaryotes (or eukaryotic) (see also 

individual names), 477, 481, 483
DNA, 586
FK506-binding proteins, 503, 509
glyoxalases, 446, 450, 451, 465
[NiFe] hydrogenases, 287

Evolution of 
acetyl-coenzyme A decarbonylase/

synthases, 386–393

[Evolution of]
carbon monoxide dehydrogenases, 392, 

393
metalloenzymes, 373, 392, 393

EXAFS studies of
acetyl-coenzyme A synthase, 204
acireductone dioxygenase, 474, 480
glyoxalase I, 455
methyl-coenzyme M reductase, 339, 343
Ni(I) complexes, 187
nickel superoxide dismutase, 426, 427
[NiFe] hydrogenases, 192, 299, 300
urease, 258

Excluders, 33, 48
Extended absorption fi ne structure 

spectroscopy, see EXAFS

F

F420-reducing [NiFe] hydrogenase, 325, 
387, 388

F430 (see also Methyl-coenzyme M 
reductase), 35, 37, 187, 323–350, 
523, 525, 529

biosynthetic pathway, 526
catalytic cycle, 188
ESR studies, see EPR
magnetic circular dichroism studies, 

see Magnetic circular dichroism
methyl-, 332, 333
models, 182–191
Ni(I), see Nickel(I)
Ni(III), see Nickel(III)
nonplanarity, 329
properties, 330–333
redox potential, see Redox potentials
structure, 183, 325, 328–335
thiol coordination, 341, 342

Fabaceae, 19
Familial amyotrophic lateral sclerosis, 418
F-cluster, see Clusters
FeMo cofactor formation, 369
Fenton-like reaction, 89, 551
[Fe]-only hydrogenases, 191, 192, 291, 

521
active site, see Active sites
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Ferredoxins (see also individual names)
[4Fe4S], 35, 422
reduction, 326, 380

Ferritins, 553, 554, 589, 627
Fertilizers containing

nickel, 2, 3
nitrogen, 242

Fibrinogen, 84
Finland

nickel pollution, 2, 7–15, 18, 20, 41
Flavin mononucleotide

acidity constants, see Acidity constants
complexes, 148, 149
stability constants, see Stability 

constants
structure, 147

FMN, see Flavin mononucleotide
Formaldehyde, 375
Formate, 325

production, 388
Formation constants, see Equilibrium 

constants and Stability constants
Fosfomycin, 464

resistance protein, 463, 464
Fourier transform infrared spectroscopy 

(studies of)
[NiFe] hydrogenases, 281, 282, 290, 

292, 295–299
stopped fl ow, 295

Fructose
Ni(II) complex, 113

FTIR, see Fourier transform infrared 
spectroscopy

Fulvic acid
nickel complex, 4, 19

Fungi (or fungal)
ectomycorrhizal, 46
glyoxalases, 451
pathogens, 49
urease, 242

G

Gastritis, 35, 346
Helicobacter pylori-induced (see also 

Helicobacter pylori), 547, 548

Gastrointestinal tract
diseases, see Diseases
infection, 242

5�-GDP complexes of
Cu(II), 140, 142
metal ions, 142
Ni(II), 140, 141, 143

Gel electrophoresis
polyacrylamide, 453

Genes
acetyl-coenzyme A synthases/

carbon monoxide dehydrogenases, 
389–392

coding for cytokines and chemokines, 
591, 592

coding for extracellular matrix 
proteins, 590, 591

coding for metal binding, 588, 589
nickel-dependent expression, 581–609
stress response, 605
tumor-suppressor, 606, 607

Genome
sequences of acetyl-coenzyme A 

decarbonylase/synthases, 409, 410
Geobacter

metallireducens, 391
sulfurreducens, 391

Glucose (see also Sugars)
6-phosphate dehydrogenase, see 

Dehydrogenases
transport, 597

Glutamic acid (or glutamate)
hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 68, 78

Glutamine
Ni(II) complex, 68

Glutathione, 47, 447, 464, 527, 584, 600, 
628, 631, 636, 637

air oxidation, 82
biosynthesis, see Biosynthesis
derivatives, 458–460
metabolism, see Metabolism
Ni(II) complex, 78, 81, 82, 632
peroxidase, see Peroxidases
reduced, 90
reductase, see Reductases
S-lactoyl-, 449, 450, 455, 458, 527
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[Glutathione]
S-transferase, see Transferases
synthetase, see Synthases

Glyceraldehyde-3-phosphate, 447, 448
dehydrogenase, see Dehydrogenases

Glycerol 1-phosphate
acidity constant, 117
Cu(II) complex, 117
metal ion complexes, 149
Ni(II) complex, 115–117
structure, 147

Glycine
α-mercaptopropionyl-, 82
di-, see Glycylglycine
γ-glutamylcysteinyl-, see Glutathione
hydroxamic acid, see Hydroxamic acid
Ni(II) complex, 68, 69, 71
N-methyl-, see Sarcosine
oligo-, 76
tetra-, see Tetraglycine
thio-, 338
tri-, see Triglycine

Glycine max. (see also Soybean)
nickel uptake, 18

Glycosides
N-, see Glycosylamines

Glycosylamines
Ni(II) complexes, 112, 113

Glycylglycine
Ni(II) complex, 76, 93
Ni(III) complex, 93

Glycylglycylglycine, see Triglycine
Glycylglycylglycylglycine, see Tetraglycine
Glyoxal

methyl-, see Methylglyoxal
phenyl-, 446, 451

Glyoxalase I, 37, 527, 528
active site, see Active sites
Ca(II), 462
catalytic cycle, 452, 465
catalyzed isomerization, 458–460
Cd(II), 453, 454, 456, 458, 462, 527
classes, 452
Co(II), 453–456, 458, 460, 462, 463, 

527
crystal structures, see Crystal 

structures

[Glyoxalase I]
Escherichia coli, see Escherichia coli
genes, 460–463
Mg(II) in, 451, 452, 454, 462
mechanistic studies, 453–460
member of the βαβββ superfamily, 463, 

464
metal activation, 451, 452, 460–463
Mn(II), 453–455, 457, 462, 527
mutagenesis studies, 462
nickel-dependent, 445–466
sequence alignments, 461
various sources, 450, 451
Zn(II), 451, 452, 454–463, 465, 527

Glyoxalase II, 446, 447, 450, 451, 527
2�-GMP, 145

2�d3�-, 145
3�-GMP, 145

3�,5�-c, 114
5�-GMP (complexes with), 133

Cu(II), 137
d-, 113, 114, 158, 164
Mg(II), 136, 137
Mn(II), 137
Ni(II), 113, 114, 135–139
stability constants, 137
Zn(II), 137

Goat
nickel studies, 625

Greenland
ice core, 15
nickel accumulation, 15

Growth factors
transforming, 588, 590

5�-GTP, 37, 512
binding motifs, 533
-dependent molecular chaperones, 

see Molecular chaperones
-dependent urease activation, 536
hydrolysis, 536, 538, 539, 556
metal ion complexes, 143
Ni(II) complex, 141, 143

GTPases, 533, 536, 538, 559
Guanine (and moiety), 141, 165–167

acidifi cation, 122
9-methyl-, 138
8-oxo-, 636
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[Guanine (and moiety)]
Pt(II) complex, 145
structure, 118

Guanosine
2�-deoxy-, 165
8-hydroxy-2�-deoxy-, see 8-Hydroxy-

2�-deoxyguanosine
Ni(II) complex, 121, 122
self-association, 139
structure, 118

Guanosine 5�-diphosphate, see 5�-GDP
Guanosine monophosphate, see GMP
Guanosine 5�-triphosphate, see 5�-GTP
Guinea pig

nickel studies, 592, 593, 629, 630, 637

H

H.
felis, see Helicobacter felis
infl uenzae, see Haemophilus
pylori, see Helicobacter pylori

Haber-Weiss-Fenton reaction, 551
Haemophilus infl uenzae, 505
Haldane equation, 346
Hamster

nickel studies, 629, 641
Helicobacter felis, 569
Helicobacter pylori, 35, 534

antibiotic treatment of infection, 
547–549, 568

associated diseases, 548
chemotaxis, 550
diagnostics, 549
drug targets, 568, 569
Fur, 564–566
genes, 555, 559, 562–567, 569
genome, 547, 562, 565
hydrogenases, 559, 560, 565
-induced gastritis, 547
infection, 548, 549
mechanism of pathogenesis, 549–551
metabolism, see Metabolism
metal ion export, 567, 568
microbiology, 547
nickel transporters, 560, 561, 566

[Helicobacter pylori]
NikR, 562–566, 570
role of nickel, 545–570
urease, 242–267, 521, 529–532, 536, 

537, 550–559, 564
Heme oxygenase, 589
Hepatitis 

B, 156
C, 481, 483

Herbivores, 40, 49, 51
nickel concentrations, 12

Heteronuclear single quantum correlation 
1H,15N-, 496

Hexokinase I, 597
High-potential iron proteins, 422
Histamine complex with

Ni(II), 70, 71
Ni(III), 94

Histidine (and residues) (see also 
Imidazole) (complexes with)

Cu(II), 95
fragile triad, 607
hydroxamic acid, see Hydroxamic acid
kinase, see Kinases
Ni(II), 66, 69, 71, 80–83, 95, 96
Ni(III), 94
nickel binding, 50, 51
N-methyl-, 338
ternary complexes, 164
Zn(II), 95

Histone(s)
acetylation, 587, 605, 608, 644, 645
methylation, 584
modifi cation, 583, 587
Ni(II) complexes, 82–86, 90, 632, 633, 

635, 636
transcription, 587

Homeostasis of
calcium, 602–604, 645
iron, 562, 632
metal ions, 552
methylthioadenosine, 477
nickel, 514, 562

Homo sapiens, see Human
Hormones (complexes with) (see also 

individual names)
Cu(II), 86
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[Hormones (complexes with)]
gonadotropin-releasing, 86
hypothalamic, 86
luteinizing-hormone releasing 

hormone, 86
neuro-, 85
Ni(II), 86
peptides, see Peptides
Zn(II), 86

HSQC, see Heteronuclear single quantum 
correlation 

Human
fi brinopeptide A, 84
metal diet, 569
protamine, 84
sperm, 84

Human serum albumin, 84
Ni(II) binding, 623

Humic acid
nickel complex, 4, 19

Hydride bridge, 305, 311–313
Hydrogen (see also Dihydrogen)

1H ENDOR, see ENDOR
cycle, 38
formation, 308, 314, 331, 390
gas as energy carrier, 39
metabolism, see Metabolism

Hydrogenases, 514, 521–524, 530, 537, 
538

biosynthesis, see Biosynthesis
catalytic, 304–306, 310
classes, 280
cytosolic, 284, 290
de-, see Dehydrogenases
[FeFe], 280, 314
[Fe]-only, see [Fe]-only hydrogenase
Fe-S cluster-free, 191, 325, 521
inhibition, 569
membrane-bound, 280, 284, 288, 309
metallochaperones, 532, 533
molecular chaperones, 537, 538
nickel insertion, 369
nickel-iron, see [NiFe] hydrogenases
[NiFeSe], 291, 292, 301
periplasmic, 284
regulatory, 280, 304, 306
soluble, 280, 284, 289, 295, 300

Hydrogen bond (in/to)
acireductone dioxygenase, 485
carbonyl group, 114, 138, 139, 165, 166
hydroxyl group, 163, 420
Ni(II) complexes, 113, 114
[NiFe] hydrogenases, 306
Pt(II) complexes, 159
ribose, 112
superoxide dismutases, 420, 434, 435, 

437, 438
urease, 215, 219, 220, 251–259, 262, 

265, 266, 269–272
Hydrogen peroxide (see also Peroxides), 212, 

214, 418, 419, 422, 427, 428, 436–438, 
551, 602, 604, 633–636, 644, 646

activation, 89, 90
disproportionation, 90
formation, 493

Hydrolases (see also individual names)
S-2-hydroxyacylglutathione, see 

Glyoxalase II
phospho-, 369

Hydrolysis
5�-ATP, 144, 286, 529, 538, 539
cyanate, 226, 227
5�-GTP, 536, 538, 539, 556
peptide bond, 83
phenylphosphorodiamidate, 268, 270
urea, 226, 243, 249, 256, 265, 267, 268, 

554, 556
Hydroperoxide (see also Peroxides) in 

[NiFe] hydrogenases, 294, 306, 308, 
310, 312

Hydroxamates (or hydroxamic acids) 
(see also individual names)

α-alanine-, 73, 75
β-alanine-, 73, 74
aceto-, see Acetohydroxamic acid
acidity constants, 72, 73
amino-, see Aminohydroxamic acid
bridge, 259
2,3-diaminopropiono-, 74
2,4-diaminobutyric acid, 74
glutamic acid-γ-, 74
glycine-, 73
histidine-, 74
sarcosine, 73
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Hydroxide(s)
aluminum, 13
bridging nickel and iron, 367
bridging two nickel, 217, 218, 220, 

221, 225, 252, 255, 258, 262, 265, 
269–272, 305, 306, 310, 311

iron, 13
Hydroxo complexes, 111
S-2-Hydroxyacylglutathione hydrolase, 

see Glyoxalase II
8-Hydroxy-2�-deoxyguanosine, 90
6-Hydroxydopamine, 418
Hydroxyl groups (see also Sugars)

bridge in carbon monoxide 
dehydrogenase, 364

metal ion coordination, 112–117
radicals, see Radicals
ribose, see Ribose

Hydroxylases (see also individual 
names), 593–598

Hylocomium splendens, 9
Hyperaccumulating plants (see also 

individual names), 33, 38, 46
cadmium, 50
cobalt, 52
mechanisms, 50, 51
nickel, 12, 17, 21, 40, 45, 47–53
zinc, 48

Hyperfi ne sublevel correlation 
spectroscopy

methyl-coenzyme M reductase, 340, 
342

[NiFe] hydrogenases, 193, 304, 306
Hyperglycemia, 449
Hypogymnia physoides, 9
Hypoxanthine, 114, 118, 121, 141

acidifi cation, 122
Hypoxia, 583, 584, 587, 590, 593, 

595–598, 608, 636, 640
HYSCORE, see Hyperfi ne sublevel 

correlation spectroscopy

I

Iceland
nickel deposition, 8

ICP-AES, see Inductively coupled 
plasma-atomic emission 
spectrometry

ICP-MS, see Inductively coupled plasma-
mass spectrometry

ICP-OES, see Inductively coupld plasma-
optical emission spectrometry

5�-IDP (complexes with)
Cu(II), 140, 142
metal ions, 142
Ni(II), 140–142
(N1)-oxide, 154

Imidazole (and moieties) (see also 
Histidine), 332

bridge, 420
in ternary complexes, 164
1-methyl-, 120
1-methyl-4-aminobenz-, 144
1-methylbenz-, 119
Ni(II) complexes, 69, 80

Immune system
nickel attack, 624, 629, 630

Implants (see also Prostheses)
surgical, 592, 621, 624

5�-IMP (complexes with), 131, 133
metal ions, 137
Mg(II), 136, 137
Ni(II), 113, 114, 135–139
(N1)-oxide, see Inosine 5�-

monophosphate (N1)-oxide
Indonesia

nickel mining, 4
Inductively coupled-plasma atomic 

emission spectrometry
glyoxalase I, 458

Inductively coupled plasma-mass 
spectrometry

nickel samples, 4–6
Inductively coupled plasma-optical 

emission spectrometry
nickel samples, 4

Infl ammation (or infl ammatory)
gastric, 548–552
nickel-induced, 600, 621, 624
respiratory system, 582, 589
response, 477, 584, 550, 601, 604, 608, 

646
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Infrared (spectroscopy) studies (of)
acetyl-coenzyme A synthase models, 

204, 206, 208, 210
Fourier transform, see Fourier 

transform infrared spectroscopy
[NiFe] hydrogenase (models), 192, 

199, 297
Inhalation of

nickel carbonyl, 582, 583, 621–623, 
626–629

nickel-containing dust, 621
nickel oxide, 628, 638, 639
nickel subsulfi de, 628, 638–641
nickel sulfate aerosol, 628, 629, 640

Inhibition of
adenylate cyclase, 513
ATPases, 45
plant growth, 33, 42–45
hydrogenases, 569
methanogenesis, 388
methyl-coenzyme M reductase, 331, 

345, 349
nickel superoxide dismutase, 432
[NiFe] hydrogenase, 294, 308
peptidyl prolyl cis/trans isomerases, 515
photosynthesis, 43–45, 51
root function in plants, 42–44
SlyD, 511, 512
urease, 228, 255–263, 267–272, 569

Inosine
Ni(II) complex, 120–122
self-association, 139
structure, 118

Inosine 5�-diphosphate, see 5�-IDP
Inosine 5�-monophosphate, see 5�-IMP
Inosine 5�-monophosphate (N1)-oxide

complexes, 150–154
structure, 151

Inosine 5�-triphosphate, see 5�-ITP
Interdependencies (between metal ions)

calcium–nickel, 642
iron–nickel, 642
magnesium–nickel, 43, 48, 642
manganese–nickel, 642
nickel–zinc, 642

Ionization constants, see Acidity 
constants

Intestinal tract, see Gastrointestinal tract
Interleukin-1, 592, 598, 600, 601, 604
Ionophores (see also individual names)

A23187, 602
ferric, see Siderophores
ionomycin, 603

IR, see Infrared (spectroscopy) studies 
(of)

Iron (different oxidation states) (in)
57Fe, 206, 303
carbonyls, 195
channel, 627
homeostasis, see Homeostasis
hydroxide, see Hydroxide(s)
interdependency with other metal ions, 

see Interdependencies
metabolism, see Metabolism
oxide, see Oxides
transport, 38
uptake regulator Fur, 553, 564, 565

Iron(0), 195, 642
Iron(II) in

acireductone dioxygenase, see 
Acireductone dioxygenase

[NiFe] hydrogenases, see [NiFe] 
hydrogenases

quercetin 2,3-dioxygenase, 493–495
Iron(III) (in), 642

superoxide dismutases, 421
Iron-molybdenum cofactor, 369
Iron regulatory proteins, 632
Iron-sulfur proteins (see also individual 

names)
corrinoid, see Corrinoid iron-sulfur 

proteins
Iron superoxide dismutase, 418–421, 423, 

428, 434, 438, 526
Irving-Williams series, 96, 129, 138
Isomerases

SlyD, see Peptidyl prolyl cis/trans 
isomerase SlyD

triose phosphate, 447, 448, 460
Isomeric complex equilibria, 115, 

117, 132, 137, 142, 143, 145, 153, 
156–158, 168

Isotope labeling (see also individual 
elements), 301
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5�-ITP
in ternary complexes, 164
metal ion complexes, 143
Ni(II) complex, 141, 143, 164

J

Jack bean
canavalin, 485, 528
urease, see Urease

K

Kidney
nickel toxicity, 629
stone formation, 242

Kinases
histidine, 284
methylthioribose, 477
phosphatidylinositol-3-, 604

Klebsiella
aerogenes, 37, 244–267, 521, 530, 531, 

535, 536, 556
oxytoca, 474–481, 528

Kola Peninsula
nickel deposition, 8–11, 14, 18, 20, 42

Kupfernickel, 6, 34

L

Lactate
D-, 446, 447, 450
dehydrogenase, see Dehydrogenases
production, 446, 447

Lactotransferrin, 588, 589
Lakes (see also Water)

nickel in, 10, 11, 14, 41
Legumes (see also individual names), 

19
N2-fi xing, 38

Leishmania major, 464, 465
Lemna, 41, 45
Leucine

ternary complexes, 164

Lichens
as biomonitors for nickel, 9, 10, 17

Ligand–ligand interactions, 160, 165
Lignin, 45
Lipid

metabolism, see Metabolism
peroxidation, 43, 44, 600, 628, 629, 

633, 634
Liver

damage, 628
nickel toxicity, 628

Loffl er�s syndrome
nickel-induced, 623, 624

Lung
fi brosis, 623, 642
infl ammation, 628, 641
injury, 583, 587–592

Lymphomas, 547, 548
Lysine

hydroxylation, 593
Ni(II) complex, 593

M

M.
acetivorans, see Methanosarcina
barkeri, see Methanosarcina
burtonii, see Methanococcoides
hungatii, see Methanospirillum
jannaschii, see Methanococcus and 

Methanocaldococcus
kandleri, see Methanopyrus
marburgensis, see 

Methanothermobacter
maripaludis, see Methanococcus
mazei, see Methanosarcina
stadtmanae, see Methanosphaera
thermoacetica, see Moorella
thermoautotrophicum, see 

Methanobacterium
thermoautotrophicus, see 

Methanothermobacter
thermolithotrophicus, see 

Methanococcus
thermophila, see Methanosarcina
thermophilus, see Methanoculleus
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[M.]
tuberculosis, see Mycobacterium
urea, see Micrococcus
vaniellii, see Methanococcus
voltae, see Methanococcus

Macrochelates
ATP, 143, 164
intramolecular, 142, 143, 159
Ni(II)-peptides, 78
nucleoside 5�-monophosphates, 137, 

138, 144–150, 155, 164
nucleoside 5�-triphosphates, 143
purine-nucleoside 5�-phosphates, 131, 

132, 137, 141
purine-nucleoside 5�-diphosphates, 142

Macroconstants, see Acidity constants 
and Stability constants

Macrocycles (see also individual names) 
(complexes with), 34, 35, 187

conformational change, 186
cyclam, 188
F430, 329–331, 334
{N4}, 183, 186
Ni(II), 79

Macrophages, 591, 597, 630
Magnesium(II) (in/complexes with), 

122
acireductone dioxygenase, see 

Acireductone dioxygenase
cytidine, 123, 125
electron transport, 282
fl avin mononucleotide, 148
glyoxalase I, see Glyoxalase I
interdependency with other metal ions, 

see Interdependencies
[NiFe] hydrogenases, 282–284, 289, 

292, 293
nucleotides, 135, 142, 144, 148, 157
phosphate, 130
pyridine, 123, 125
thiophosphate, 155
transporter, 38

Magnetic circular dichroism (studies of)
acetyl-coenzyme A synthase, 378
carbon monoxide dehydrogenase, 395
F430, 183
methyl-coenzyme M reductase, 343

[Magnetic circular dichroism (studies of)]
nickel superoxide dismutase, 429, 

432–434
soft X-ray, 378
urease, 258

Magnetic susceptibility measurement of 
urease, 258

Malate, 47
MALDI-MS, see Matrix-assisted UV 

laser desorption/ionization mass 
spectroscopy

MALDI-TOF mass spectrometry
F430, 327, 329, 344

Maltose
Ni(II) complex, 113

Mandelate
D-, 446
production, 446

Manganese (different oxidation states)
interdependency with other metal ions, 

see Interdependencies
oxide, see Oxides

Manganese(II) (in/complexes with)
acireductone dioxygenase, see 

Acireductone dioxygenase
carbonyl group, 117
glyoxalase I, see Glyoxalase I
hydroxyl group, 117
nucleotides, 137, 142, 144, 157
oxalate decarboxylase, 493, 494
oxalate oxidase, 493, 494
phosphate, 129
purine-nucleotide (N1)-oxides, 148, 

153
pyridine, 127
ternary nucleotide complexes, 164
uridine, 128

Manganese(III), 144
Manganese superoxide dismutase, 

418–421, 434, 438, 526
Matrix-assisted laser desorption 

ionization time-of-fl ight, see 
MALDI-TOF mass spectrometry

Matrix metalloproteinases, 483
MCD, see Magnetic circular dichroism
Melanostatin, 85, 86
β-Mercaptoethanol, 258, 259
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7-Mercaptoheptanoylthreonine, 
see Coenzyme B

3-Mercaptopropionic acid, 208
Mesopotamia, 6
Metabolism (of) (see also Homeostasis)

antioxidants, 584
calcium, 602
glutathione, 600
Helicobacter pylori, 547
hydrogen, 38, 284, 287
iron, 564, 589, 595
lipid, 42
methylglyoxal, 449
methylthioadenosine, 479
nickel, 519–539, 563, 566–568
nitrogen, 555
plant, 32–54

Metal fume fever
nickel-induced, 623, 624

Metal ions, see individual names
Metallochaperones, 520, 521, 529–534, 

538
carbon monoxide dehydrogenase, see 

Carbon monoxide dehydrogenases
copper, 531
mechanism, 530
potential, 534
UreE, 556

Metalloenzymes (see also Enzymes and 
individual names)

evolution, 373, 392, 393
Metallothioneins, 47, 588, 631
Meteorites

nickel in, 4
Methane

14C, 346
acidity constant, see Acidity constants
anaerobic oxidation, 343–346, 349, 

350, 525
formation, see Methanogenesis

Methanobacterium thermoautotrophicum 
(see also Methanothermobacter 
marburgensis), 324

Methanocaldococcus jannaschii, 370, 
371, 373, 382, 384, 387, 388

Methanococcoides burtonii, 
389

Methanococcus
jannaschii, 509
maripaludis, 327, 371, 387
thermolithotrophicus, 509
vaniellii, 387
voltae, 338

Methanogenesis, 525, 526
aceticlastic, 384–389
acetyl-coenzyme A decarbonylase/

synthases, 360, 384
F430, 182, 185, 188, 190, 325, 326, 

332–334, 346–349
inhibition, 388
methylotrophic, 384, 386–389

Methanopyrus kandleri, 327, 338, 
369–371, 373, 387, 388

Methanoculleus thermophilus, 338
Methanosarcina sp., 327, 338, 371, 526

acetivorans, 369, 370, 372, 384, 388, 
389

barkeri, 338
mazei, 388, 389
thermophila, 359, 376, 384, 385, 388

Methanosphaera stadtmanae, 327, 389
Methanospirillum hungatii, 386, 387
Methanothermobacter

marburgensis (see also 
Methanobacterium 
thermoautotrophicum), see Methyl-
coenzyme M reductase

thermoautotrophicus, 371, 386
Methionine (and residues)

S-adenosyl-, 475, 476, 481, 526, 528
formation, 474
salvage pathway, 229, 474–477, 496, 

528
9-Methyladenine, 138

-1,3-dideaza-, 144
Methylation of

cytosine, see Cytosine
DNA, see DNA
histones, 584

3-Methylcholanthrene, 585
Methylcobalamin, 211, 476
Methyl-coenzyme M, 182–185, 189, 190, 

331, 334, 339, 347, 348
models, 334, 335
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Methyl-coenzyme M reductase (see also 
F430), 34, 37, 182, 323–350, 453, 525, 
526, 529

active site, see Active sites
catalytic cycle, 332, 333, 347–349
catalytic properties, 345–350
dual-stroke engine mechanism, 349, 350
inhibitors, 331, 345, 349
γ-irradiation, 342
isoenzymes, 324, 327, 328, 335, 346
mechanism, 183–185, 190
molecular properties, 335–345
Ni(I), see (Ni)
Ni(III), see Ni(III)
reactions, 335
spectroscopic studies, 337–341
structures, 334, 335, 338
sulfur coordination, 341, 342

Methylglyoxal
as inhibitor, 449
cellular effects, 448, 449
cytotoxicity, see Cytotoxicity
degradation, 449, 450
detoxicifi cation, 449, 450, 465
formation, 446–448, 464
metabolism, see Metabolism
synthase, see Synthases

Methyl group transfer, 204, 360, 475, 526
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 377, 379, 
382

corrinoid iron-sulfur proteins, 383, 392
to Ni(I), 333

Methylmalonyl-CoA epimerase, 463
Methyltetrahydrofolate, 360, 382, 383, 390
Methylthioadenosine, 475, 483, 528

formation, 476, 481
homeostasis, see Homeostasis
metabolism, see Metabolism
nucleosidase, 477
phosphorylase, 477

Methylthioethyl sulfonate, see Methyl-
coenzyme M

Methyl thiophosphate
acidity constants, 155
complexes, 154–156
stability constants, 155, 156

Methyltransferases, 382, 475
5-Methyluracil, see Thymine
Methyl viologen

electron transfer, 203
Metronidazole, 549, 568
Mexico

nickel concentrations, 14
Mice

acireductone dioxygenase, 475, 
483–486, 494

glyoxalases, 451
nickel studies, 585–588, 591, 602, 604, 

607, 625, 628–631, 639–642
sperm, 84

Microarray analysis of DNA, 389, 584, 
587–589, 605, 607, 608

GeneChip, 596, 597
Micrococcus ureae, 273
Microconstants, see Acidity constants 

and Stability constants
Micronutrients for

cyanobacteria, 37–40
plants, 37–40

Microorganisms (see also individual 
names and species)

anaerobic, 326
pathogenic, 521, 527

Minerals (see also Ores and individual 
names)

silicate, see Silicate
Mining of nickel, 4, 6, 7, 41, 583
Mitochondria

synthesis for [FeS] clusters, 287
Mitomycin resistance protein, 463
Mixed ligand complexes (see also 

Ternary complexes), 132
stack formation, 164, 165
with nucleotides, 159–165

Models for
acetyl-coenzyme A synthase, 

203–211
active sites of nickel enzymes, 

181–230
carbon monoxide dehydrogenases, 

200–211
cofactor F430, see F430

[NiFe] hydrogenases, 191–199
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Molecular chaperones, 520, 529, 531, 
534–537

acetyl-coenzyme A synthase, see 
Acetyl-coenzyme A synthases

assist in re-folding, 534
ATP-dependent, 524
carbon monoxide dehydrogenases, see 

Carbon monoxide dehydrogenases
GTP-dependent, 521, 523, 524, 533, 

536, 538
hydrogenases, see Hydrogenases
mechanism, 535
prevent misfolding, 534
SlyD, see SlyD
urease, 535–537

Molecular mechanics calculations, 187
F430, 329

Molecular switch, 271
Molybdate, 267
Monkeys

nickel studies, 628
Monoamine oxidases, 448
Moorella thermoacetica, 200, 359, 369, 

371, 373, 375, 376, 390, 525
Moss

as biomonitor for nickel, 8, 9, 11, 17
metal uptake effi ciency, 8, 9

Mössbauer spectroscopy
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 376, 377, 
379

C-cluster of carbon monoxide 
dehydrogenases, 364, 395

[NiFe] hydrogenases, 192, 282
Mus musculus (see also Mice), 474
Mutagenesis

carbon monoxide dehydrogenases, 363
glyoxalase I, 462
nickel compounds, 584–587, 643, 644
nickel superoxide dismutase, 425, 426
[NiFe] hydrogenases, 287, 289–291, 

298, 532, 533
site-directed, 212, 291, 298, 381, 530, 

531
urease, 536

Mycobacterium tuberculosis, 529

N

NAD�, 280, 283
NADH 

ubiquinone oxidoreductase, 283
NADP, 280
NADPH, 449
Nanotechnology, 168
Neisseria meningitidis, 451, 453, 460–462
Nervous system

nickel toxicity, 629
Neurodegenerative diseases (see also 

individual names), 418
Niccolite, 6
Nickel (different oxidation states) (in)

60Ni, 3
61Ni, 34, 195, 206, 281, 301, 303, 342, 

429, 431
63Ni, 39, 626, 639
allergy, see Allergy
and Helicobacter pylori, 545–570
antimonides, see Antimonides
arsenides, see Arsenides
atmosphere, see Atmosphere
binding by strong ligands, 46, 47
bioavailability, see Bioavailability
biogeochemistry, see Biogeochemistry
biological function of 

hyperaccumulation, 49, 50
–carbon bonds, see Bonds
carcinogenesis, see Carcinogenesis
carriers, see Transporters
catalyst of early life, 35–37
chemistry, 2–6, 33–35, 64, 111
chloride, see Nickel chloride
citrate, see Citrate
-containing jewelry, 624
coordination numbers, 34, 35
coordination sphere, 196, 197, 251, 

252, 421
cyanobacteria, see Cyanobacteria
defi ciency, see Defi ciency
-dependent gene expression, 581–609
environment, see Environment
exclusion, 45, 46
excretion, 621, 622, 625–627
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[Nickel (different oxidation states) (in)]
exposure, 84, 582–585, 602, 621–624, 

638, 645
fl uxes in forests, 12–14
geometry, 34, 35, 65, 114, 166, 182, 474
health effects of exposure, 582–585, 597
historical records of deposition, 14–16
homeostasis, see Homeostasis
hydrogenases, see [NiFe] hydrogenases
hydroxide bridge, see Hydroxide
hyperaccumulators, see 

Hyperaccumulation in plants
incorporation into proteins, 528–530
-induced changes in calcium 

homeostasis, 602–604
-induced expression of erythropoietin, 

592, 593
interdependency with other metal ions, 

see Interdependencies
isotopes, 3, 34
lakes, see Lake
mechanisms of regulation, 562–566
metallurgy, 621
ores, 4
oxidation states, 34, 35
oxides, see Oxides
pathologic effects, 623
phosphate bridge, 262, 263
plants, see Plants
pollution, 40–48
Raney, 34
redox processes, 3
refi nery workers, 623, 638
resistance in plants, 45–48
responsive regulator NikR, 552–554
sample measurements, 4–6
seawater, 110
sequestration, 45, 46
serum albumin, 84
silicates, see Silicate
soil, see Soil
sulfates, see Sulfates
sulfi de, see Sulfi des
sulfur-rich sites, 191–214
tetrahydrocorphinoid cofactor, see F430

toxicity, see Toxicity

[Nickel (different oxidation states) (in)]
transporters, see Transporters
uptake, 560, 561, 621–627
uses, 6
water, see Lake and Water

Nickel(0) (in), 200, 204, 209, 330
acetyl-coenzyme A synthase, 377–379
Ni(II)Ni(0), 210

Nickel(I) (in), 34, 183
acetyl-coenzyme A synthase, 204, 205, 

377–379
conformational change, 340
coordination sphere, 187
ESR studies, see EPR
F430, 184, 185, 188, 328–333, 337–341, 

345, 347–349, 525
hydroporphyrins, 330
methyl-coenzyme M reductase, 335, 

339
[NiFe] hydrogenases, 302, 311
Ni(II)Ni(I), 210
porphyrin-type ligands (see also 

Porphyrins), 186
redox potential, see Redox potentials
reduction, 330

Nickel(II) (in/complexes with)
amino acids, 63–97
aminohydroxamate, see 

Aminohydroxamate
aminophosphonate, see 

Aminophosphonate
chemical properties, 111
coordination sphere, 114, 166, 182, 474
disulfi de, see Disulfi de
-EDTA, see Ethylenediamine-

N,N,N�,N�-tetraacetate
hormones, see Hormones
mechanisms of toxicity, 600
multicomponent systems, 94–96
Ni(II)Ni(0), 210
Ni(II)Ni(I), 210
nucleic acid binding, 165–168
nucleobase residues, 118–128
nucleotides, 109, 148–150, 169
peptides, 63–97
phosphate, 128–130
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[Nickel(II) (in/complexes with)]
purine-nucleotide (N1)-oxides, 

150–154
purines, 118–122, 146
pyridine derivatives, 126
pyrimidines, 122–128
redox potential, see Redox potentials
stability constants of complexes, see 

Stability constants
sugars, 112–117
ternary ATP–buffer complexes, 

161–163
ternary nucleotide complexes, 164
thioethers, see Thioether
thiophosphate, 155, 156
uridine, 127, 128
water exchange rate, 111

Nickel(III) (in/complexes with), 34, 183
-alkyl bond, see Bonds
allergenic, 629
bleomycin, 92
compounds, 190
coordination sphere, 39
cyclam, 144
EPR, see EPR
F430, 188, 329, 331–333, 341, 342, 349
methyl-coenzyme M reductase, 

340–342
[NiFe] hydrogenases, 300–303, 

307–312
peptides, 64, 86–94, 209
photoreduction, 426–428
reduction, 212, 434
stabilization, 65, 66
superoxide dismutase, see Nickel 

superoxide dismutase
ternary complexes with peptides, 92
thiolate, 341

Nickel(IV), 90
allergenic, 629

Nickel carbonyl, 646
14C-labeled, 626
63Ni-labeled, 626
detoxifi cation, 624
inhalation, see Inhalation
toxicity, see Toxicity

Nickel chaperones, 248, 286, 367, 
519–539

carbon monoxide dehydrogenase, see 
Carbon monoxide dehydrogenase

mechanism, 530
metallo-, see Metallochaperones
molecular, see Molecular chaperones
[NiFe] hydrogenases, see [NiFe] 

hydrogenase
SlyD, see SlyD
urease, see Urease

Nickel chloride, 628–630, 635, 637
injection of 63Ni chloride, 626
oral exposure to 63Ni chloride, 626

Nickel-containing enzymes, see 
individual names

Nickel iron hydrogenases, see [NiFe] 
hydrogenases

Nickel subsulfi de, 585, 592, 593, 
602–604, 606, 607, 629, 630, 633, 
635, 636

35S-labeled, 627, 639
63Ni-labeled, 627, 639
carcinogenic potential, 646
inhalation, see Inhalation

Nickel superoxide dismutase, 39, 182, 
414–438, 526

activation, 527
active site, see Active sites
crystal structures, 428, 429, 526
enzymes, 418–422
inhibitors, 432
kinetics, 434–436
mechanism, 429–437
models, 211–214, 436, 437
molecular biology, 422–426
mutants, 423, 431
Ni(III), 422, 426, 429, 434, 436, 526
redox potential, see Redox potentials
reduction, 426–428, 433
sequence alignments, 424
spectral parameters, 432
spectroscopy, 429–434
Streptomyces sp., 422–438
structural biology, 426–429
wild-type, 423, 425, 427, 431, 432
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Nicotianamine, 38, 47
Nicotiana tabacum, 47
Nicotinamide adenine dinucleotide, see 

NAD�

Nicotinamide adenine dinucleotide 
(reduced), see NADH

Nicotinamide adenine dinucleotide 
phosphate, see NADP

Nicotinamide adenine dinucleotide 
phosphate (reduced), see NADPH

[NiFe] hydrogenases, 35–38, 81, 97, 182, 
279–314, 421, 514, 521, 523

A. vinosum, 295, 297–299, 305, 
307–309, 311

active site, see Active sites
bacterial, 283
biosynthesis, see Biosynthesis
carbon monoxide in, see Carbon 

monoxide
catalytic cycle, 281, 282, 295, 296, 298, 

307, 309–313
coordination geometry, 291, 301
(crystal) structures, 283, 284, 291–294
cyanide, see Cyanide
Desulfovibrio sp., 196, 199, 281, 283, 

285, 287, 289, 290–302, 304–306, 
312, 421

electrochemistry, see Electrochemistry
electron transfer, see Electron transfer
electron transport mutations, 289
energy-converting isoenzyme I, 326
Escherichia coli, see Escherichia coli
eukaryotic, 287
F420-nonreducing, 325
F420-reducing, 325
Fe(II), 193, 309–311
gas channel, 281, 282, 289, 290, 

293–295, 312, 313
genes, 284–291
genetic manipulation, 287–291
Helicobacter pylori, 559, 560
inhibition, 294, 308
isotope-labeled, 292, 301–305
maturation pathway, 285–288
mechanism, 192
metallochaperones, 532, 533

[[NiFe] hydrogenases]
models, 191–199, 212
Ni(I), 302, 311
Ni(III), 300–303, 307–312
oxygen tolerance, 290
prokaryotic, 284, 285, 287
proton transfer, see Proton transfer
proton transport mutations, 289, 290
Ralstonia eutropha, 285–287, 289–291, 

295, 300, 304, 306, 307, 309
redox states, 296, 297
schematic view, 282
single crystal, 293, 301, 302, 305
spectroscopic measurements, 192, 193
spectroscopic studies, 295–306
Thiocapsa roseopersicina, 285, 287
wild-type, 290, 291

Nigeria
nickel concentrations, 10

Nitellopsis, 41
Nitric oxide, 551
Nitric oxide synthase

inducible, 551, 590, 597
Nitrilotriacetate

Ni(II) complex, 81, 118, 167
Nitrogen

14N, 306, 431, 432
15N, 301, 306, 431, 432
defi ciency, see Defi ciency
fi xation, 38
metabolism, see Metabolism

Nitrogen monoxide, see Nitric oxide
4-Nitrophenylphosphate

hydrolytic cleavage, 217
NMR (studies of)

1H, 86, 151, 198, 480, 488
13C, 488, 489
15N, 488, 489
acetyl-coenzyme A synthase, 209
acireductone dioxygenase, 474, 480, 

488, 490
F430, 333
hormone complexes, 86
9-[2-(phosphonomethoxy)ethyl]adenine, 

151
ternary nucleotide complexes, 164
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Norway
Arctic, see Arctic
nickel concentrations, 8, 9, 12–14

NTA, see Nitrilotriacetate
Nuclear magnetic resonance, see NMR
Nucleic acids, see DNA and RNA
Nucleobases (see also individual names)

acidity constants, see Acidity constants
Ni(II) complexes, 118–128
oxidation, 111
stability constants, see Stability constants
structures, 118

Nucleophilic attack (of), 491
Co(I), 383
cysteine, 296, 313
hydroxide, 200, 215–218, 269–271
Ni(I)-F430, 184

Nucleoside(s) (see also individual names)
phosphates, see Nucleotides and 

individual names
self-association, see Self-association
5�-O-thiomonophosphate complexes, 

154–156
triphosphates, see individual names

Nucleoside diphosphate(s) (see also 
individual names)

acidity constants, see Acidity constants
complexes, 139–144
purine-, 139
pyrimidine, 139

Nucleoside monophosphate(s) (see also 
individual names)

2�-, 144–146
3�-, 144–146
acidity constants, see Acidity constants
Ni(II) complexes, 113–115, 132–139, 

144–146
purine-, 135–139
pyrimidine-, 134, 135, 138

Nucleoside triphosphate(s) (see also 
individual names)

complexes, 139–144
dephosphorylation, 144

Nucleotide(s) (see also individual names) 
(complexes with)

acidity constants, 115, 156
acyclic analogs, 156–158

[Nucleotide(s)]
derivatives, 149–159
less common ones, 144–149
Ni(II), 109–169
oligo-, 165
with a Pt(II)-coordinated nucleobase, 

158, 159
Nutrients

micro-, see Micronutrients

O

Oil 
combustion, 7
nickel in, 7, 21

OMP, see Orotidine 5�-monophosphate
Ores

nickel, 4
Origin of life, 392, 393
Ornithine

decarboxylase, 476
Ni(II) complex, 69, 71

Orotidine 5�-monophosphate
acidity constant, 146
Ni(II) complex, 146
structure, 147

Oryza sativa, 481, 483, 486
Osteosarcoma

human, 606
Ovarian cancer, see Cancer
Oxalate 

decarboxylase, 493, 494
oxidase, 493, 494

Oxidases (see also individual names)
copper amine, 493
monoamine, see Monoamine oxidase
oxalate, 493, 494

Oxidative damage (by/in)
DNA, 600, 643, 644, 646
effect of nickel, 633–637
methylglyoxal, 448, 449
proteins, 600
superoxide, 418, 526

Oxidative stress, 390, 587, 589, 
601, 605

in plants, 42, 44, 45, 47, 48, 51
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[Oxidative stress]
nickel-induced, 599–602, 644, 646
resistance, 554

Oxides
aluminum, 13
iron, 13, 20
manganese, 20
nickel, 8, 636, 639, 642

Oxidoreductases (see also Peroxidases 
and individual names)

cytochrome c3, see [NiFe] hydrogenase
NADH:ubiquinone, 283, 326
superoxide dismutases, see Superoxide 

dismutases
Oximes

α-alanine, 75
derivatives of amino acids, 75, 76
Ni(II) complexes, 71, 75, 76

6-Oxopurine, see Hypoxanthine
Oxygen (see also Dioxygen)

17O-labeling, 292, 301, 305
18O, 229
production, 308, 314

Oxytocin
Ni(II) complex, 78

P

Palladium(II)
purine-nucleobase complexes, 121, 145

Parkinson’s disease, 86, 418
Parvulins, 503–505
Pathogens (see also Bacteria and 

individual names)
fungal, see Fungi
gastric (see also Helicobacter pylori), 

545–570
plant, see Plants

Peas
nickel in, 19

Peat (containing)
lead, 15
mercury, 15
nickel, 5, 7, 10, 11, 14–16
pre-anthropogenic, 16
scandium, 16

PELDOR, see Pulsed electron-electron 
double resonance

Pelobacter carbinolicus, 391
Peptide(s) (see also Amides and 

individual names) (containing/
complexes with)

amide functions, 76
bond hydrolysis, 83
Cd(II), 80
Cu(II), 76, 77, 79, 80
Cu(III), 87, 93
cyclo-, 81
fi brino-, 84
fragments from histones, 82–86
fragments from protamines, 82–86
hormones, 78, 85
involved in catalytic ractions, 86–90
involved in redox reactions, 86–90
Ni(II), 63–97
Ni(III), 86–94, 209
octa-, 84
sulfhydryl, 81
thiolate, 81, 82
with coordinating side chains, 77–80
with cysteinyl residues, 80–82
with histidyl residues, 80–82
with non-coordinating side chains, 76, 77
Zn(II), 77, 80

Peptidyl prolyl cis/trans isomerases (see 
also individual names)

activity, 533
cyclophilins, see Cyclophilins
Escherichia coli, see Escherichia coli
FK506-binding protein, see Proteins
Ni(II)-mediated inhibition, 515
Ni(II)-regulated, 501–515
parvulins, 503–505
SlyD, see SlyD

Permeases
nickel, 39, 286

Permittivity, see Dielectric constant
D-Penicillamine

nickel detoxifi cation, 624
Peridotite, 4
Peroxidases

ascorbate, 44
glutathione, 628, 636, 637
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Peroxide(s), 308, 418, 526
lipid, 646
hydro-, see Hydroperoxides
hydrogen, see Hydrogen peroxide

Peroxynitrite, 551
Persulfi de, 365

bond, 370
formation, 371

Phaseolus vulgaris, 44
1,10-Phenanthroline (and derivatives), 376

Ni(III) complex, 92
ternary complexes, 164

Phenolate bridge, 219
Phenylalanine

Ni(II) complex, 68, 71
Phenylglyoxal, 446, 451
Phenylphosphorodiamidate, 256

hydrolysis, 268, 270
Phosphate(s) (see also individual names)

acidity constants, see Acidity constants
as urease inhibitor, 261–263, 267–272
di-, 128–130
mono-, 128–130
Ni(II) complexes, 128–130
stability constants, see Stability constants
tri-, 128–130

Phosphines, 196, 202, 204, 208, 210
Phosphinic acid, 79
Phosphohydrolase

ATP, 369
Phospholipids, 589

synthesis, see Biosynthesis
Phosphonate(s) (or phosphonic acid), 79, 

134, 136
acetonyl-, see Acetonylphosphate
amino-, see Aminophosphonates

9-[2-(Phosphonoethoxy)ethyl]adenine
complexes, 158

9-[2-(Phosphonomethoxy)ethyl]adenine
complexes, 136, 156–159
diphosphorylated, 156
structure, 151
ternary complexes, 164

Phosphorus
32P, 512

Photosynthesis
inhibition, 43–45, 51

Photosystem I
inhibition, 43

Photosystem II
inhibition, 43, 44

Phyllanthus pallidus, 53
Phylogenetic tree

acetyl-coenzyme A decarbonylase/
synthase, 371, 372, 381, 382

acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases, 371–373, 
381, 382

carbon monoxide dehydrogenases, 373
methyl-coenzyme M reductase, 327

Phytochelatin, 47, 51
Phytomining, 33, 48, 49, 52, 53
Phytoplankton, 32, 39
Phytoremediation (see also 

Hyperaccumulation in plants), 33, 
48, 52, 53

Picea glehnii, 46
Picolinamide

cleavage, 218
stability constants, see Stability 

constants
Pigments

nickel in, 6
Pine

copper uptake, 20
nickel-excluding, 46
nickel uptake, 12, 17, 19, 20, 40, 45

Ping-pong mechanism in
acetyl-coenzyme A decarbonylase/

synthase, 385
nickel superoxide dismutase, 418, 434, 

435, 437, 438
Pinus sylvestris, 10, 18, 40, 46
Pisum sativum, 44
Plant(s) (see also individual names and 

species)
copper uptake, 41, 43
dose-response relationship for metals, 

32
excluders, see Excluders
geneticall engineered, 53, 54
glyoxalases, 451
growth inhibition, 33, 42–45
higher, 39, 41–44
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[Plant(s)]
hyperaccumulators, see 

Hyperaccumulating plants
inhibition of photosynthesis, 43, 44, 

51
inhibition of root function, 42–44
iron superoxide dismutase, 418
iron uptake, 43
metabolism, see Metabolism
micronutrients, see Micronutrients
nickel concentrations, 12, 17–19
oxidative stress, see Oxidative stress
pathogens, 40, 49
resistance against nickel toxicity, 

45–48
trace elements in, 32, 43
urease, 242, 554

Plasmodium sp., 451
falciparum, 460

Platinum(II) (complexes with)
-coordinated nucleobases, 158, 159
diethylenetriamine, 122
purine-nucleobases, 121, 145
pyrimidine, 122

Pleurozium schreberi, 9
PMEA, see 9-[2-(Phosphonomethoxy)-

ethyl]adenine
Polar

ice, 15, 16
snow, 15, 16

Pollutant degradation, 524
Porphyrins (see also individual names)

Ni(I), 183, 186, 188
Ni(II), 187

Prion proteins
octapeptide repeats, 84

Prochlorococcus marinus, 39, 527
Prokaryotes (see also individual names), 

477, 481, 526
FK506-binding proteins, 503, 509
glyoxalases, 450, 465
iron superoxide dismutase, 418
manganese superoxide dismutase, 418, 

419
[NiFe] hydrogenases, see [NiFe] 

hydrogenases
SlyD, 505

Proline (and residues), 85
hydroxylation, 593–598, 646
Ni(II) complex, 68

Prolyl bond
cis/trans isomerization, 501–515

Propanoate
2-hydroxyimino-, 75, 76

Prostate tumor, see Tumor
Prostheses

nickel allergy, 592, 622, 638
Protamines (binding to)

compact DNA binding, 84
Cu(II), 84
Ni(II), 82, 84–86, 90, 632, 634

Protein(s) (see also Enzymes and 
individual names)

AP-1, 644
Ca(II) binding, 85
cleavage, 90
damage by nickel, 631, 634, 635
DNA recognition, 90
extracellular matrix, 590, 591
FK506-binding, 502–505, 509–511, 

513, 515, 533
folding, 503
fosfomycin resistance, 463, 464
Fur, 553, 564–566
HIF-1, 644
high-potential iron, 422
hydrogen-sensing, 284, 287, 290, 291
hydrophobic environment, 83
hydroxylation, 593–599
–ligand interactions, 503
NF-κB, 644
nickel incorporation, 528, 529
nickeloplasmin, 631
NikR, 552–554, 562–566
NixA, 566
–protein interaction, 284, 503, 593, 595
RNA recognition, 90
surfactant, 588–590
synthesis, see Synthesis
transporters, see Transporters
UreE, 556

Protein Data Bank (fi les of protein 
structures)

acetyl-coenzyme A synthase, 523
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[Protein Data Bank (fi les of protein 
structures)]

acireductone dioxygenases, 475, 481, 
483–485, 494, 523

carbon monoxide dehydrogenases, 36, 
523

glyoxalase, 523
methyl-coenzyme M reductase, 523
nickel superoxide dismutase, 523
[NiFe] hydrogenases, 36, 523
peptidyl prolyl cis/trans isomerases, 509
ureases, 246, 247, 249–253, 255–268, 

523
Proteus mirabilis, 255, 530, 555
Protonation constants, see Acidity constants
Proton transfer

carbon monoxide dehydrogenase, 362, 
363, 370, 371

-coupled electron transfer, see Electron 
transfer

mutations in hydrogenases, 289, 290
[NiFe] hydrogenases, 282, 293, 298, 

312, 313
Pseudomonas

aeruginosa, 451, 453, 460–462, 464, 553
putida, 451, 452, 460–462, 527

Pterins
sarcina-, 382
tetrahydromethano-, see 

Tetrahydromethanopterin
Pulsed electron-electron double 

resonance
[NiFe] hydrogenase, 301

Pulse radiolysis
nickel porphyrins, 188, 190

Purine(s) (see also individual names)
6-hydroxy-, see Hypoxanthine
N9-substituted, 118
Ni(II) complex, 118–122
nucleotides, see individual names
self-association, 132
stacking, see Stacking

Putrescine, 476
Pyridine(s)

acidity constant, 120
as ligand, 123, 124, 126, 127
o-amino-, 123, 124, 126, 127

Pyrimidine(s) (see also individual 
names) (complexes with)

Ni(II), 122–128
nucleoside 5�-monophosphates, 134, 

135
nucleoside 5�-triphosphates, 141, 143

Pyrococcus horikoshii, 509, 529
Pyruvate, 12, 446, 447

Q

Quercetin 2,3-dioxygenase, 493–495
Cu(II), 493, 494
Fe(II), 493–495
structure, 494

R

R.
albus, see Ruminococcus
eutropha, see Ralstonia
leguminosarum, see Rhizobium
palustris, see Rhodopseudomonas
rhodochrous, see Rhodococcus
rubrum, see Rhodospirillum

Rabbit
nickel studies, 628–631, 641

Radicals (see also individual names), 
479, 489, 495

alkyl, 188, 190
allyl, 349
disulfi de, 348
free, 334, 348
hydroxyl, 90, 551, 633
intermediates, 634
methyl, 334, 348, 349
Ni(II)-peptide intermediate, 89
sulfuranyl, 185, 333
superoxide, see Superoxide
thiyl, 185, 333, 341, 342, 348, 349

Radiolysis
pulsed, see Pulsed radiolysis

Ralstonia eutropha, 285–287, 
289–291, 295, 300, 304, 
306, 529
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Raman spectroscopy (studies of)
DNA, 167
methyl-coenzyme M reductase, 341
nickel superoxide dismutase
[NiFe] hydrogenase models, 199

Ranithidine
bismuth citrate, 549

Rat
acireductone dioxygenase, 481, 483
glyoxalase I, 451
nickel studies, 585, 592, 593, 604, 606, 

625, 626, 628–631, 639–642
Rate constants

superoxide dismutases, 420, 434
urea hydrolysis, 226
water exchange, 111

Reactive oxygen species, 111, 418, 551, 
552, 583, 588, 600, 602, 633–637, 
643, 644, 646

detoxifi cation, see Detoxifi cation
Redox potential (of)

carbon monoxide dehydrogenase, 361, 364
CO/CO2, 387
disulfi de, 346
F430, 330–333
[Fe4S4] cluster, 361
Ni(II)/Ni(I), 183, 186, 190, 330, 334, 

348, 349, 419
Ni(III)/Ni(II), 88, 91, 92, 94, 193, 212, 

331–333, 348, 419, 421, 422, 434, 
438, 633

Ni2�, 490
[NiFe] hydrogenases, 198, 297, 298
[Ni(His)]�, 71
thiyl radical/thiol couple, 348

Reductases
glutathione, 628
superoxide, 422

Reduction potential, see Redox potential
Resistance 

antibiotics, 568
fosfomycin, 463, 464
nickel, 45–48
oxidative stress, 554

Respiratory tract
cancer, see Cancer
nickel toxicity, 628

Retinoblastoma, 606
Rhamnose

Ni(II) complex, 113
Rhizobium sp., 19

leguminosarum, 533
Rhodium(I)

8-azaadenine complex, 146
Rhodococcus rhodochrous, 529, 560, 

561
Rhodopseudomonas palustris, 368, 391
Rhodospirillum rubrum, 200, 359, 387, 

390, 391, 524, 534, 539
Ribose

2�-deoxy, 112
5-monophosphate, 130
acidity constant, 112
hydroxyl groups, 112, 115
methylthio-, 477, 479

Ribozymes, 122
probes, 154

River (see also Water)
nickel-polluted, 41

RNA 
cleavage, 167
Ni(II) complex, 167
recognition, 90
synthesis, see Synthesis
tobacco mosaic virus, 448

Ruminococcus albus, 390
Russia

Kola Peninsula, see Kola Peninsula
nickel mining and smelting, 4, 8, 9–11, 

14, 18, 20, 42

S

S.
aureus, see Staphylococcus
cerevisiae, see Saccharomyces
coelicolor, see Streptomyces
fumoroxidans, see Syntrophobacter
lividans, see Streptomyces
pombe, see Schizosaccharomyces
salivarius, see Streptococcus
seoulensis, see Streptomyces
thermophilus, see Streptococcus
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[S.]
typhimurium, see Salmonella
xylosus, see Staphylococcus

Saccharomyces cerevisiae (see also Yeast)
acireductone dioxygenase, 481
glyoxalases, 448, 449, 451, 460–462, 527

Salen (complexes with)
Ni(II), 167
Ni(III), 89

Salmonella sp., 585
typhimurium, 643

Sample
limit of detection, 4, 5
nickel, 4–6

Sarcomas (see also Tumors)
nickel-induced, 641

Sarcosine
hydroxamic acid, see Hydroxamic acid

Scandinavia, 20
Scandium 

in peat, see Peat
Scenedesmus sp., 47

acutus, 41, 45
obliquus, 291

Schiff bases (see also individual names) 
(complexes with)

Ni(II), 71
Ni(III), 92

Schizosaccharomyces pombe, 529
SDS-PAGE

glyoxalase I, 453
Seawater

nickel in, 5, 110
Sebertia acuminata, 47, 48, 51
Secreted protein, acidic and rich in 

cysteine, 85
Sediments

anoxic, 3
nickel in, 14, 15

Selenium
77Se, 301

Selenocysteine (and residues), 280, 292, 
523

Self-association (see also Stacking)
nucleosides, 139

Semichelates, 123, 126, 128, 130
Senecio coronatus, 49

Serine
α-hydroxymethyl-, 79
Ni(II) complex, 69

Serpentine, 4, 33, 48
Sewage sludge, 2, 21
Siderophores (see also individual names), 

72, 553
Signaling pathways, 584

alteration, 593–607
Signal transduction, 144, 280, 644
Silene paradoxa, 41, 43
Silicate 

minerals, 15
nickel, 51

Skin
dermatitis, see Dermatitis
infl ammation, 629
nickel exposure, 622, 624

SlyD (see also Peptidyl prolyl cis/trans 
isomerases)

affi nity for Ni(II), 512
biological role, 513, 514
catalyzed reactions, 503, 504
chaperone-like activity, 511, 532, 533
distribution of genes, 505–508
Escherichia coli, see Escherichia coli
inhibition by nickel, 511, 512
inhibition of adenylate cyclase, 513
link to hydrogenase biosynthesis, 

514
Ni(II)-regulated, 501–515
nucleotide binding, 512, 513
sequence alignment, 510
structure, 508–510
Zn(II), 512

Smelting, 41
copper, 8–11, 15, 17, 18, 20, 42
nickel, 7–11, 14, 15, 17, 18, 20, 21, 41, 

42, 583
Sodium ion

channel, 629
diethyldithiocarbamate, 624

Sodium dodecyl sulfate electrophoresis, 
see SDS-PAGE

Soil (containing)
contaminated, 48, 52, 53
nickel mobility, 17–21
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[Soil (containing)]
nickel, 2–4, 12, 33, 42, 45
urease, 242

Solvent polarity
reduced, 115–117

Sorbose
Ni(II) complex, 113

Soybean (see also Glycine max.), 8, 451
nickel in, 18, 19

SPARC, see Secreted protein, acidic and 
rich in cysteine

Sperm
abnormalities, 630
human, 84
mouse, 84, 630
vertebrate, 84

Spermidine
N�-monoglutathionyl-, 464, 465
synthesis, 476

Spermine
synthesis, 476

Spirodela, 41
Sporosarcina ureae, 555
Spruce

nickel concentration, 12
Stability constants of complexes (see also 

Equilibrium constants)
apparent, 152–154
5�-ATP, 143, 162, 163
buffers, 163
conditional, 70
Cu(II)-nucleotides, 140, 142, 150
GMP, 137
methyl thiophosphate, 155, 156
Mg(II)-nucleotides, 136, 142, 143
microconstants, 154
Mn(II)-nucleotides, 142, 143, 150
Ni(II)-nucleotides, 116, 117, 134–143, 

148, 162, 163
Ni(II)-phosphate monoesters, 116, 117, 

136
Ni(II)-purine-nucleobases, 119, 120
Ni(II)-pyrimidines, 123–125
Ni(III)-peptides, 92
nickel-amino acids, 66–68
nickel-picolinamide, 218
purine-nucleotide (N1)-oxides, 152–154

[Stability constants of complexes]
phosphates, 129, 130
ternary ATP-buffer complexes, 162, 

163
Zn(II)-nucleotides, 142, 143

Stackhousia tryonii, 50
Stacking (see also Self-association)

aromatic ring, 165
intramolecular, 141, 164, 165
Ni(II)-peptide complexes, 78
purines, 132, 139
pyrimidines, 139

Stainless steel
nickel in, 21
production, 6

Standard potential, see Redox potential
Staphylococcus

aureus, 448
xylosus, 266

Stereocaulon paschale, 10
Stomach, 546
Stopped fl ow study of urease, 220
Streptanthus

insignis, 49
polygaloides, 49, 52

Streptococcus
salivarius, 556
thermophilus, 556

Streptomyces sp., 39, 211, 422–426, 428, 
436, 527

coelicolor, 214, 423–425, 428–430, 526
lividans, 423
seoulensis, 423–425, 428, 429, 431, 

526, 527, 534
Strontium(II)

fl avin mononucleotide complex, 148
xanthosine 5�-monophosphate complex, 

148
Sugars, 113

Ni(II) complexes, 112–117
Sulfate, 267

and urease, 267
nickel, 8, 588–590, 606, 623, 628–630, 

636, 638, 640, 643
reduction, 389, 391

Sulfhydryl groups, 81
Ni(III) complexes, 92
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Sulfi de(s)
bridge, 36, 366, 367, 524
ligand, 422, 426
nickel sub-, see Nickel subsulfi de
nickel, 3, 4, 8, 15, 35, 586, 600, 633, 638
ores, 4
per-, see Persulfi de
poly-, 340–342

Sulfoxide in
[NiFe] hydrogenases, 294

Sulfur (different oxidation states)
33S, 340, 342, 431, 639
in melanin, 296, 297
oxidation, 633

Sulfur dioxide, 9, 10
Superoxide, 211, 212, 214, 418–420, 526, 

551, 646
formation, 490, 491
oxidation, 437
reductase, see Reductases
reduction, 428

Superoxide dismutase(s), 551, 553, 554, 
600, 637

Cu/Zn, see Copper-zinc superoxide 
dismutase

iron, see Iron superoxide dismutase
manganese, see Manganese superoxide 

dismutase
nickel, see Nickel superoxide 

dismutase
redox potential, see Redox potential

Sweden
nickel mining, 6

Synechocystis sp., 39
Synthases

carbamoyl phosphate, 286
glutathione, 600
methylglyoxal, 446–448

Synthesis (see also Biosynthesis) (of)
DNA, 449
protein, 449
RNA, 449
spermidine, 476
spermine, 476
urea, 273

Syntrophobacter fumaroxidans, 370, 382

T

Taiwan, 15
Tannins, 45, 46
Ternary complexes (of) (see also Mixed 

ligand complexes)
Ni(II), 161–164
Ni(III), 92

1,4,8,11-Tetraazacyclotetradecane, see 
Cyclam

Tetracycline, 568
Tetraglycine

Ni(III) complex, 90
Tetrahydrofolate

methyl-, see Methyltetrahydrofolate
Tetrahydromethanopterin, 383
Tetrahydrosarcinapterin, 360
Tetrapyrroles, 525, 526

F340, see F430

Thermus thermophilus, 502
Thiocapsa roseopersicina, 285, 287
Thiocyanate (in)

carbon monoxide dehydrogenases, 366
N-bound, 218

Thioether
bond cleavage, 190
Ni(II) complex, 78, 79

7-Thioheptanoylthreoninephosphate (see 
also Coenzyme B), 325, 337–340, 
345–349, 525

Thiols (and thiolate groups) (see also 
individual names)

Ni(II) complexes, 78, 81, 83, 193, 194
Ni(III) coordination, 341, 342
nickel superoxide dismutase, 422, 426, 

436, 437
Thiophosphate

methyl-, see Methylthiophosphate
Thiourea, 219
Thlaspi sp., 51, 52

caerulescens, 48, 50
calaminare, 48
goesingense, 38

Threonine
Ni(II) complex, 69

Thrombin, 84
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Thymidine
structure, 118

Thymidine 5�-diphosphate (complexes 
with)

Cu(II), 140
Ni(II), 139, 140

Thymidine 5�-monophosphate (complex 
with), 133, 135

Ni(II), 134
Thymidine 5�-triphosphate

metal ion complexes, 141, 143
Thymine

1-(2�-deoxy-β-D-ribofuranosyl)-, see 
Thymidine

structure, 118
Thyrotropin releasing factor, 85
Titanium(III)

citrate, 375, 377, 378
reduction of C-cluster of carbon 

monoxide dehydrogenase, 364
reduction of Ni(II)F430, 330, 331

Tobacco
smoke, 638
transgenic plants, 47

Toxicity of
copper in plants, 41, 42
cyanide, 623

Toxicity of nickel, 82, 587, 588, 600, 
619–646

carbonyl, 622, 623
embryo-, 630, 631
geno-, 643–645
in experimental animals, 625–631
in plants, 17, 18, 33, 40–48, 51
mechanisms, 631–637
systemic, 627, 628
tissue, 628

Trace elements in plants, see Plants
Transcription factors

alteration, 593–607
AP-1, 598–603, 644
ATF-1, 599
HIF-1, 590, 592, 593, 595–598, 602, 

603, 606, 644, 646
NF-κB, 598–601, 644
zinc fi nger, 597

Transferases
acetyl-, 608, 645
amino-, 600, 628
O-carbamoyl-, 286
glutathione-S-, 44, 600

Transferrin, 627
lacto-, 588, 589

Transition metal ions, see individual names
Transporters (see also individual names)

ABC-type, 528, 560
cobalt, 38, 39, 529
divalent metal, 595, 627
magnesium, 561
Ni/Co, 38, 39
nickel, 38, 39, 46, 560, 561, 566, 631
zinc, 38, 46

Triglycine
Ni(II) complex, 76, 79

Triosephosphate isomerase, 447, 448, 460
Tris

acidity constants, 163
stability constants of complexes, 163
structure, 162
ternary complexes, 161–163

Tris(hydroxymethyl)methylamine, see Tris
Triticum sp., 43–45, 47

aestivum, 18
Trypanothione, 464, 465
Trypsin, 511

chymo-, see Chymotrypsin
Trypsinogen, 602
Tryptophan (and residues)

Ni(II) complex, 68
ternary complexes, 164

Tubercidin 5�-monophosphate, 144
Ni(II) complex, 134

Tumor(s) (see also Cancer, Sarcomas, 
and individual names)

lung, 638, 639, 643
nickel-induced, 587, 588, 599
prostate, 483
suppressor gene, 606, 607
testicular, 640

Tumor necrosis factor, 592, 600, 601
Tyrosine 

Ni(II) complex, 68, 78
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U

Ubiquinone
NADH oxidoreductase, 283

5�-UDP
Ni(II) complex, 139, 140

Ulcer
duodenal, 546
gastric, 521, 548

Umbilicaria sp., 10
5�-UMP, 132, 133, 135, 146
UMPS, see Uridine 5�-O-

thiomonophosphate
United Kingdom

nickel in soil, 20
Uracil, 126

structure, 118
Urea, 219, 220, 272

acidity constants, see Acidity constants
aminohydrolase, see Urease
decomposition, 216, 243
half life, 243
hydrolysis, 226, 243, 249, 256, 265, 

267, 268, 554, 556
production, 243
resonance stabilization energy, 223
synthesis, 273
thio-, see Thiourea

Urease(s), 35, 37–40, 111, 241–273, 453, 
514, 520, 521, 530

acetohydroxamic acid complex, see 
Acetohydroxamic acid

acid resistance, 556–559
acidity constants, see Acidity constants
activation, 521, 530–532, 537
active site, see Active sites
apo-, 267
Bacillus pasteurii, 244–267
biochemistry, 243, 244
biological signifi cance, 242, 243
carboxylate bridge, 249, 252
conformation, 248, 249, 261, 268, 272
decomposition, 554
electron density, see Electron density
environmental adaptation, 554–556
gene cluster, 536, 555, 566

[Urease(s)]
Helicobacter pylori, see Helicobacter 

pylori
history, 37
hydroxamate bridge, 259
hydroxide bridge, see Hydroxide
in Helicobacter pylori infection, 549, 552
inhibitors, 228, 255–263, 267–272, 569
jack bean, 242, 248, 251, 255, 261, 266, 

267, 273
Klebsiella aerogenes, 244–267, 521, 536
mechanism, 215, 267–272
metallochaperones, 530–532
metal-substituted, 266, 267
models, 214–229
molecular chaperones, 535–537
mutants, 244, 259, 263–266, 271, 530, 

531, 561, 567
Ni(II)-aminohydroxamate, 72
nickel insertion, 369
nickel regulation, 558, 562–566
phosphate bridge, 262
Proteus mirabilis, 255
Staphylococcus xylosus, 266
structure with a substrate analog, 255, 

256
structure with a transition state analog, 

256, 257
structures in the native state, 249–254
structures with a competitive inhibitor, 

257–263
structures, 244–267
synthesis, see Biosynthesis
water bridge, 252
wild-type, 265, 266, 567

Uridine
complexes, 126, 127
structure, 118

Uridine 5�-diphosphate, see 5�-UDP
Uridine 5�-monophosphate, see 5�-UMP
Uridine 5�-O-thiomonophosphate

acidity constants, 155
complexes, 154–156
stability constants of complexes, 155
structure, 151

Uridine 5�-triphosphate, see 5�-UTP
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Urinary tract
infections, 242

5�-UTP, 146, 512
complexes, 141, 143

UV-Vis spectrophotometry (of)
acetyl-coenzyme A synthase model, 

209, 214
acireductone dioxygenase, 486, 489, 

491
F430, 329–332, 338
methyl-coenzyme M reductase, 

338–340, 342
[NiFe] hydrogenases, 192, 532
nickel superoxide dismutase, 429, 432
urease models, 222

V

Vaccination against Helicobacter pylori 
infection, 568, 569

Vaccinium 
myrtillus, 18
vitis-idaea, 18

Vanadate and urease, 267
Vasopressin (complex with)

arginine8-, 85
Cu(II), 85
Ni(II), 78

Vasotocin
arginine8-, 85
Cu(II) complex, 85

Vertebrate (see also individual names)
sperm, 84

Virus (see also individual names)
Coxsackie, 630
hepatitis C, 481, 483
tobacco mosaic, 448
turnip mosaic, 49

Vitamin(s) (see also individual names)
B2, 148
C, see Ascorbate

Voltammetry
adsorptive cathodic stripping, 5
cyclic, see Cyclic voltammetry
nickel samples, 5

[Voltammetry]
[NiFe] hydrogenases, 306, 307
protein fi lm, 306, 307

W

Waste
municipal, 41, 42
nickel in, 2, 7, 41–43

Water
lake, see Lake
nickel concentrations, 10–12, 41, 42
nickel contaminated, 622, 623
sea-, 110

Wheat
nickel toxicity, 18

Wolinella succinogenes, 559
Wood-Ljungdahl pathway, 390, 391

X

XAFS
nickel samples, 5

XANES
acireductone dioxygenase, 474, 486, 

487
glyoxalase I, 455
methyl-coenzyme M reductase, 339
nickel K-edge, 427, 487
nickel samples, 5
nickel superoxide dismutase, 

426–428
[NiFe] hydrogenases, 299
sulfur K-edge, 428

Xanthosine 5�-monophosphate, see 5�-XMP
XAS, see X-ray absorption 

spectroscopy
Xenobiotics, 598
Xenon probe, 293, 294
Xenopus laevis, 632
5�-XMP

acidity constants, 146
complexes, 146–148
structure, 147, 148
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X-ray absorption fi ne-structure 
spectroscopy, see XAFS

X-ray absorption near-edge structure 
spectroscopy, see XANES

X-ray absorption spectroscopy (studies 
of), 47, 50

acetyl-coenzyme A synthase, 204
acireductone dioxygenase, 474, 480, 

483, 490
iron K-edge, 378
methyl-coenzyme M reductase, 339, 

341, 342
near-edge, 187
Ni(I) complexes, 187
nickel L-edge, 299, 378
nickel K-edge, 299, 365, 378, 426
nickel superoxide dismutases, 422, 

426–428
[NiFe] hydrogenase (models), 192, 199, 

282, 299, 300, 306, 310
sulfur K-edge, 422, 426–428
urease, 267

X-ray crystal structure studies of (see 
also Crystal structures)

acetyl-coenzyme A synthase models, 
206, 209

acetyl-coenzyme A synthases/carbon 
monoxide dehydrogenases, 362, 525

carbon monoxide dehydrogenase, 200
Cu(Cyd)2� complex, 123
methyl-coenzyme M reductase, 525
[NiFe] hydrogenases, 291–294
Ni(II)-peptide complexes, 89
Ni(II)-purine complexes, 118, 119, 145
Ni(II)-pyridine complexes, 126
Ni(II)-sugar complexes, 113–115
urease, 256, 259, 521

X-ray diffraction spectroscopy studies of
nickel samples, 5
[NiFe] hydrogenases, 192

X-ray fl uorescence spectrometry (studies 
of)

nickel samples, 5
synchrotron-based, 5

Y

Yeast (see also Saccharomyces 
cerevisiae), 529, 587, 645

acireductone dioxygenase, 475
copper metallochaperone, 531
nickel uptake, 38

Yersinia sp., 560
pestis, 451, 453, 460–462

Z

Zinc (different oxidation states)
accumulating plants, see 

Hyperaccumulating plants
interdependency with other metal ions, 

see Interdependencies
transporter, 38, 46

Zinc(II) (in/complexes with)
acetyl-coenzyme A synthases/carbon 

monoxide dehydrogenases, 374, 
376

amino acids, 95
carbonyl group, 117
glyoxalase I, see Glyoxalase I
histidine, 95
hormones, see Hormones
hydroxyl group, 117
nucleic acid binding, 165, 167
nucleotides, 137, 142, 144, 148, 150, 

157
peptide, see Peptides
phosphate, 129, 130
purine-nucleotide (N1)-oxide, 153
SlyD, 512
ternary ATP-buffer complexes, 

163
ternary nucleotide complexes, 164
thiophosphate, 155, 156
urease, 266, 267
water exchange rate, 111 

Zinc fi nger proteins, 81, 83
transcription factor, 597


