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1,3-diphosphoglycerate, 94

2-acetolactate synthase, 249

2-aminoadipate, 130

2-ketobutyrate, 131

2-ketoglutarate, 82, 83, 87, 128, 133,
201

2-ketoglutarate dehydrogenase, 81,
83, 87, 89

3-hydroxyaspartate pathway, 196

3-hydroxypropionate cycle, 341-343

3-hydroxypropionate/
4-hydroxybutyrate (HP/HB)
cycle, 343

3-phosphoglycerate, 61, 128, 131

4-hydroxybutyrate cycles, 343-345

5-aminolevulinate, 147, 149

ABC pathway. See ATP-binding
cassette (ABC) pathway
absorbance wavelength, 356
absorption spectra, 357
acetaldehyde, 233
acetate, 94, See also phenylacetate,
oxaloacetate
butyrate fermentation, 240
catabolism, 280
conversion, 194
degradation to methane, 296
from citrate, 237
from ethanol, 223, 224
lactate fermentation, 242, 243
metabolism, 281
organic acids more oxidized than,
196-197
oxidation, 284, 287, 288
pH, 97
phosphorylation, 430
acetic acid bacteria, 223-224
aceticlastic methanogens, 291,
295-296, 297
Acetobacter sp., 223, 224
Acetobacter aceti
Acetobacterium woodii, 241, 302, 303
acetoin, 225
acetone, 199
acetone-butanol-ethanol
fermentation, 244-247, 248
acetylation, 430-431
acetyl-CoA, 130, 142, 194, 195, 234
metabolism, 240

oxidation, 81
SIL pathway, 220, 222
synthesis from LAB, 236
acetyl-CoA carboxylase, 142
acetyl-CoA pathway, 281, 284, 301,
340-341
acetyl-CoA synthetase, 431
acid shock proteins, 97
Acidithiobacillus ferrooxidans, 329,
330
acidogenesis, 245, 246
acidophiles, 96-97
ferrous oxidation, 329, 330
proton motive force, 97-98
aconitase, 82
acrylate pathway, 194, 196,
255
actinobacteria, 173
Actinomycetales, 61
activators, 163
active transport, 32-34
osmotic pressure, 92
TonB-dependent, 37
acyl carrier protein (ACP), 194, See
also acyl-ACP
acyl homoserine lactones (AHL),
420
acyl-ACP, 141, 142
branched, 142
saturated, 142
unsaturated, 143-144
acyl-CoA, 194
adaptive mutation, 428
adenine, 205, 261
adenosine 5-monophosphate
(AMP), 138
adenylate energy charge and, 94,
95
adenosine-3’-phosphate-5'-
phosphosulfate (PAPS), 126
adenosine-5'-phosphosulfate (APS),
126, 127, 280
adenylate cyclase, 379
adenylate energy charge, 64, 94-95
adenylylation, 431-432
adhesins, 10
ADP, adenylate energy charge, 94,
95
aerobes, 231, 232
denitrification, 269

aerobic anoxygenic phototrophic
bacteria, 353, 360
absorption spectra, 357
carbon metabolism, 366
carotenoids in, 355
chlorophyll in, 355
electron transport, 365
aerobic bacteria, nitrogen fixation,
118, 122
aerobic respiration, 120
aerobic route, acyl-ACP synthesis,
143
Aeropyrum pernix, 127
aerotolerant anaerobes, 231, 232,
237
A-factor, 436
Agrobacterium tumefaciens, 47
alanine, 128, 199
fermentation, 257
alarmone, 403, 405
alcohols. See also ethanol
utilization, 197-199
aldehyde oxidoreductase (AOR), 299
aldehydes, oxidation, 301
algae, 351
aliphatic hydrocarbons, oxidation,
205-209
alkaliphiles, 97
proton motive force, 98
proton/sodium motive force, 98
allosteric site, 429
amino acid biosynthesis, 128-137
aromatic, 133-136
carbon skeletons, 128
regulation of, 137
amino acid decarboxylases, 97
amino acid dehydratase, 200
amino acid dehydrogenase, 199
amino acid oxidase, 199
amino acids
activation, 164
aromatic, 209
D-and L-, 128
deamination products, 201-204
fermentation, 256-260, 436-437
free radicals, 141
oxidative deamination, 199
Stickland reaction, 259, 261
synthesis, 428, 429
utilization, 199-202
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ammonia, 116
assimilation, 124-126
concentration, 431
oxidation, 323-324
production, 117
ammonia limitation, response to,
405-407
ammonia oxidizing archaea (AOA),
322
ammonia oxidizing bacteria (AOB),
321
ammonia switch, 122
ammonium ion, 273, 274
amphibolic metabolism, 86, 89
amphipathic compounds, 19
amylase, 11, 185
amylopectin, 185
amylose, 185
anabolism, 93, 94, 115, 117, 171
adenylate energy charge and, 94,
95
growth and, 433
nitrogen, 435
regulation, 372
Anaerobacter polyendosporus, 172
anaerobes
aerotolerant, 231, 232, 237
butyrate fermentation, 239
facultative. See facultative
anaerobes
metal reduction, 275
molecular oxygen and, 231-233
nitrogen-fixing, 118
strict. See strict anaerobes
anaerobic CO, fixation, 340-341
anaerobic enzymes, 251
anaerobic fermentation, 230-263,
See also fermentation
acetone-butanol-ethanol,
244-247
alcohol production, 197
amino acids, 256-260, 436-437
butanediol, 249
butyrate, 239-245
citrate, 250-251
ethanol, 233-234
hyperthermophilic archaea,
262-263
lactate, 234-239
mixed acid, 249
nucleic acid bases, 261
propionate, 253-257
anaerobic hydrogen-oxidizers,
334

anaerobic metabolism, electron
acceptors, 230-231
anaerobic methanotrophic archaea
(ANME), 314
anaerobic nitrification, 325
anaerobic oxidation of methane
(AOM), 313-314
anaerobic photosynthetic bacteria,
352-353
anaerobic respiration, 109, 268-314
electron acceptors, 268, 305-306
element cycling, 310-314
fermentation and, 230
iron bacteria, 331
anaerobic route, acyl-ACP synthesis,
143
ANAMMOX bacteria, 273, 325
anammeoxosome, 25
anaplerotic sequence, 84
antenna molecules, 361
antibiotics, 436
fermentation, 436
resistance, 37, 417
antimonite, 335
antiport, 33
precursor/product, 36-37
antisense RNA, 400, 401
anti-sigma (anti-c) factors, 374,
375
antitermination, 387-392
antiterminator, 385, 390
APS reductase, 285, 287
aquaporin, 20, 24
arabinogalactan, 15
arabinose, 192
metabolism, 377, 379
ArcB/ArcA system, 409
archaea, 11
anaerobic methanotrophic, 314
cell wall, 17
CM phospholipids, 159
ED pathway, 73
EMP pathway, 63-64, 65
flagellum, 9
gluconeogenesis, 66
glycolysis, 58, 75
halophilic, 23, 53, 193, 368, 369
HMP pathway, 70
hyperthermophilic, 22, 23
metabolic regulation, 402
methanogenic, 22, 23, 291
nitrogen-fixing, 118
pentose utilization, 192-193
phospholipids, 22, 23

protein secretion, 53
sulfur-dependent, 262
thermophilic, 338
arginine, 135
degradation, 202, 203
fermentation, 258
aromatic amino acids, 133-136, 209
aromatic compounds, oxidation,
208-214
aromatic hydrocarbons, anaerobic
respiration, 312
AroQ, 136
arsenic, 5, 335
reduction, 276, 277, 278
Ashwell pathway, 190
aspartate, 128, 129, 200
fermentation, 257
precursor, 387
synthesis, 429
transcription
aspartate kinase, 95, 387
aspartate transcarbamoylase, 138
assimilatory metal reduction, 274,
278
assimilatory nitrate reduction, 123,
271
assimilatory sulfate reduction, 126,
127
ATP
energy transduction, 93-96
generation, 230, 234
proton motive force
interconversion, 96
requirements for growth and
Yartp, 179
requirements for monomer
synthesis, 176
requirements for polymer
synthesis, 178
structure, 93
ATP hydrolysis, 34, 93, 94
free energy change, 90
ATP synthase (ATPase), 24, 96,
107
ATP synthase inhibitors, 104
ATP synthesis, 61, 107-108, 268
2H"/O-ratio, 107
denitrification, 271
fumarate reductase, 109
H*/ATP stoichiometry, 108
homoacetogens, 302
ATP yield
denitrification, 272
sulfidogenesis, 283-288
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ATP-binding cassette (ABC) pathway,
34-35, 42, 45, 93

ATP-binding cassette (ABC)
superfamily, 38

attenuation, 384-387, 388

attenuator, 385

attractant concentration

atypical cofactors, 61-62

autogenous regulation, 170,
393-394

autoimmunity, 461

autoinducers, 420, 421, 422

autolysis, 458

autotransporters, 48

autotrophic methylotrophs, 215,
219

azoferredoxin, 117, 119

Azotobacter beijerinckii, 449, 450

Azotobacter chroococcum, 123

Azotobacter vinelandii, 122

Bacillus sp.
TCA cycle, 224
Bacillus circulans, 6
Bacillus stearothermophilus, 11
Bacillus subtilis, 77
ammonium assimilation, 407
catabolite repression, 382, 383
cell division, 172
sigma (o) factors, 373, 375
sporulation, 454-456
TCA cycle, 82, 224
termination/antitermination,
389, 390
bacteria
acetic acid, 223-224
amino acid production, 436,
437
amylase production, 185
bioluminescence, 111
cable, 19, 327
carboxydobacteria, 273, 334
central metabolic pathways, 58,
185, 433, 434
denitrifying, 323
electron transport chains, 101
EMP pathway, 61-63
enteric, 251, 252
global regulation, 404
Gram-negative. See Gram-negative
bacteria
Gram-positive. See Gram-positive
bacteria
hydrocarbon-utilizing, 205

immune systems, 460-462
intracytoplasmic membrane, 25
lactic acid. See lactic acid bacteria
(LAB)
luminescent, 420
molecular chaperones, 418
multiple fission, 173
nanobacteria, 446, 457
nitrifying, 321, 324
nitrogen-fixing, 118
programmed cell death, 457-458
proteobacteria
reserve materials, 447-454
soil
syntrophic, 306-310
bacterial cells. See also prokaryotic
cells
molecular composition, 115
bacterial efflux transporters, 37
bacterial nanowires, 10
bacteriochlorophyll, 353, 354, 355,
356, 357, 364, 414
bacteriocins, 436
bacteriophaeophytin, 354, 357
Bacteroides fragilis, 254
Bacteroides melaninogenicus, 257
baeocytes, 173
BarA/UvrY system, 397
basal body, 8, 9, 168, 425, 426
base-pairing mechanism, 162, 163,
See also nucleic acid bases
Bdellovibrio sp., 174
benzene ring cleavage, 209-210
benzoyl-CoA, 312, 313
beta-carotene, 355
beta-galactosidase, 376
beta-glucanase operon, 390
beta-oxidation, 194, 195
Bifidobacterium bifidum, 73, 75, 236
bifidum pathway, 75
bilin, 357
binary fission, 171-172
biofilms, 400, 402, 427, 458
biological energy transduction, 90,
93, 112
ATP role, 93-96
bioluminescence, bacterial, 111
blue-green algae. See cyanobacteria
Bradyrhizobium sp., 6, 353
branched acyl-ACP, 142
branched fermentative pathways,
230, 231, 239, 245, 247
Brevibacterium sp., 436
budding, 174, 353

butanediol, 199, 225
fermentation, 249

butanol
acetone-butanol-ethanol

fermentation, 244-247, 248

fermentation, 245

butter, 237, 238

butyrate, 176
acetate fermentation, 240
fermentation, 239-245
formation, 240-241
lactate-acetate fermentation, 242
metabolism, 367
oxidation, 308

C1 metabolism, energy efficiency,
222
cable bacteria, 19, 327
CadA/CadB system, 97
cadmium, 6
calcium, 6
Caldicellulosiruptor saccharolyticus, 62
Calvin cycle, 87, 223, 336-339, 366
key enzymes, 337-339
photorespiration, 339
cAMP-CRP complex, 378-380, 381
Candidatus Methanoperedens
nitroreducens, 314
Candidatus Methylomirabilis
oxyfera, 314
cannibalism, 456
capsules, 10, 170
carbohydrates, reserve materials,
447
carbon, 5, 6
major forms of, 6
recovery, 248
carbon assimilation,
methylotrophs, 219-223
carbon catabolism, 435
carbon catabolite repression,
378-380, 381-383
carbon dioxide
fixation. See CO,, fixation
reduction, 294
carbon metabolism, 281-285
homoacetogens, 299-302
photoorganotrophs, 366-367
sulfur bacteria, 329
syntrophic bacteria, 308-309
carbon monoxide dehydrogenase,
281, 295, 298, 299, 302, 334,
340
carbon monoxide, oxidation, 334
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carbon skeletons
amino acid biosynthesis, 128
homoacetogenesis, 302
methanogen synthesis, 299
precursors, 59, 244
supply in sulfidogens, 288
carbon starvation pathway, 403
carbon-14 labelled glucose, 76
carbonosome, 448
carboxydobacteria, 273, 334
carboxylation, pyruvate, 84
carboxysome, 25, 26, 338
carotenoids, 353, 354, 355
carrier proteins, 31
catabolism, 93, 94, 117, 171
acetate, 280
adenylate energy charge, 94,
95
carbon, 435
growth, 433
regulation, 372
catabolite repression, 67, 85,
377-383, 433
catalase, 231, 237
catechol, 210, 212
catecholamides, 37
Caulobacter crescentus, 174
cbb genes, 337
CcpA-HPr(Ser-P) complex, 382
cell division, 171-174
cell wall, 11, 15-18
assembly, 156
protein translocation in Gram-
positive bacteria, 43
proteins, 156
transport of precursors through,
154
cellobiase, 186, 187
cellulose hydrolysis, 186-187
cellulosome complex, 186
central metabolism, 58, 185
regulation in, 433
chaperones
metallochaperones, 53
molecular, 416, 418
redox-regulated, 414
RNA, 418
usher system, 44
chaperonins, 416, 418
chemiosmotic theory, 98
chemolithotrophic methanogens,
290
chemolithotrophs, 321-346
CO oxidation, 334

CO, fixation, 87, 335-345
denitrification, 273
electron transport chains, 103
energy sources, 89
facultative, 331, 332, 334
hydrogen oxidation, 331-334
iron bacteria, 329-331
nitrification, 321-325
non-use of organics, 346
obligate, 332, 346
other electron donors, 335
reverse electron transport,
321-322
sulfur bacteria, 325-327, 329
thermophilic, 280
chemotaxis, 425-428
chemotrophs, 111
chitin, 187
chitin deacetylase, 188
chitinase, 187
Chlamydia sp., 17
chlorate, 305, 306
chloride, 5, 6
Chlorobium ferrooxidans, 352
Chlorobium limicola, 339
Chlorobium tepidum, 359
Chloroflexus aurantiacus, 341, 342
chlorophyll, 354
bacteriochlorophyll, 353, 354,
355, 356, 357, 364, 414
photosystems I and I, 362, 363
structure, 355
structure and absorbance
wavelength, 356
thylakoid membrane, 359
chlorosome, 359, 360
Chromatiaceae, 352
chromium reduction, 276, 277
chromosome segregation, 162
circadian clock, 354, 362, 364
cis-acting sRNAs, 400, 401
citrate, 237
fermentation, 250-251
lactate exchange, 238
synthesis, 81-82
transport, 37
citrate lyase, 430, 431
citrate synthase, 81, 83
citric acid cycle. See tricarboxylic
acid (TCA) cycle
class I enzymes, 141
class II enzymes, 141
class III enzymes, 141

classical autotransporter (T5aSS), 48

Clostridium sp.
ethanol production, 234
sugar fermentation, 248
types, 239
Clostridium aceticum, 298
Clostridium acetobutylicum, 82, 245,
247, 248
sRNAs, 400, 401
Clostridium butyricum, 239, 248
fermentation balance, 241
glycerol fermentation, 243
lactate fermentation, 244
probiotic, 243
Clostridium kluyveri, 243
Clostridium perfringens, 248, 274
Clostridium propionicum, 255
Clostridium purinolyticum, 262
Clostridium tetanomorphum, 257, 258
Clostridium thermocellum, 62, 375
Clostridium thermosaccharolyticum, 63
Clostridium ultunense, 301
CO, fixation, 87, 366
3-hydroxypropionate cycle,
341-343
4-hydroxybutyrate cycles,
343-345
anaerobic, 340-341
energy expenditure, 343
hydrogen-oxidizers, 333
CO, fixation pathways, 335-345
cobalt, 7, 276
CODH pathway, 281, 340
codons, 164
initiation, 165, 166
stop codon, 131, 167
termination, 164, 166
coenzyme A, 246
coenzyme B;,, 254
coenzyme Fy50, 291, 292
coenzyme F430, 291
coenzyme M, 209, 291, 293
coenzyme Q, 99, 100, 105, 106,
269
coenzymes, methanogenesis,
291-293
cold induced proteins, 417, 419
cold osmotic shock, 34
cold shock proteins, 397, 417, 419
cold shock response, 417-420
competence, 462
complementary chromatic
acclimation, 357
complete oxidizers, 278, 279, 280,
281, 287
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concentration gradient, 31
constitutive enzymes, 376
coordinate induction, 376
copper, 7
corepressor, 384
Corynebacterium sp., 436
coryneform bacteria, 225
Cra (catabolite repressor/activator),
67, 85, 380-381
cre (catabolite responsive element),
382
Crenarchaeota, 343, 344, 345
CRISPR-Cas system, 422, 460-461
cross-protection, 405
cross-regulation, 423-425
crotonate, 308
crotonyl-CoA, 241
crRNA, 460
CsrA protein, 396
CuNiR, 271
Cupriavidus necator, 333
curli, 44, 51
curli biogenesis system, 44, 51
cyanide, 125
cyanobacteria, 351
absorption spectra, 357
carbon metabolism, 367
carotenoids in, 355
chlorophyll in, 355
groups, 351
multiple fission, 173
nitrogen fixation, 120, 122
nitrogen-fixing, 118
photosystems I and II, 362-364
phycobiliproteins in, 357
polypeptide utilization, 452
TCA cycle, 82, 83, 86
thylakoids of, 25, 359
cyanocobalamin, 255
cyanophycin, 452
cyclic diguanylate monophosphate,
400-402
cyclic dimeric riboswitch, 400-402
cyclic electron transport, 363, 365
cyclopropane fatty acids, 144
cysteine, 132, 201
synthesis, 127
cysts, 27, 456
cytochrome bd, 415
cytochrome c, 100
cytochrome c oxidase, 99
cytochrome ¢ reductase-ubiquinol,
100, 105, 106
cytochrome ¢ reductase-ubiquinone

cytochrome oxidase, 100

cytochromes, 99, 100, 101
in terminal oxidases, 102

cytoplasm, 24-27
pPH, 96

cytoplasmic granules, 453

cytoplasmic membrane, 11
phospholipids, 19, 20-24
properties and functions, 19-20
proteins, 21, 24
structure, 20-21

cytosol, 24, 26

D-amino acids, 128
dark reactions, 361
de novo pathway
purine nucleotides, 138
pyrimidine nucleotide, 138
deadenylylation, 432
deamination
cysteine and methionine, 201
oxidative, 199
products of amino acids, 201-204
decarboxylation, oxidative, of
pyruvate, 80-81, 233
degradative plasmids, 211
Dehalococcoides mccartyi, 305
dehydroquinate (DHQ), 70, 134
Deinococcus radiodurans, 278
delta Ap formation, 110
denitrification, 116, 268-274
ATP synthesis, 271
biochemistry of, 269-271
definition, 269
electricity and, 111
regulation of, 272
xenobiotics, 310
denitrifying bacteria, 323
deoxynucleotide biosynthesis,
138-141
Desulfitobacterium dehalogenans, 305
Desulfobacter hydrogenophilus, 288
Desulfobulbaceae, 10, 19
Desulfobulbus sp., 285
Desulfomonile tiedjei, 304
Desulfotomaculum, 287
Desulfovibrio, 232, 282, 283, 285, 287
diaminopimelate, 129
diauxic growth, 377
dicarboxylate/4-hydroxybutyrate
(DC/HB) cycle, 343
dicarboxylic acid cycle, 196
dicarboxylic acids, fermentation,
261

dicyclohexylcarbodiimide (DCCD),
107, 296
diffusion, 31-32
dihydroxyacetone, 221
dioxygenases, 209, 211
disaccharide phosphorylases, 188
disproportionation, 309
dissimilatory metal reduction, 274,
278
dissimilatory nitrate reductase, 271
dissimilatory nitrate reduction, 123
dissimilatory sulfate reduction,
126
divalent attenuation, 387
divisome, 171
DNA
adaptive mutation, 428
cytoplasm, 26
double helix, 160
oriC, 160, 161, 162
DNA polymerase, 138, 161
DNA replication, 160-162
chromosome segregation, 162
postreplicational modification,
162
spontaneous mutation, 162
Dokdonia sp., 369

Ech complexes, 110
Ectothiorhodospiraceae, 352
ED pathway. See Entner-Doudoroff
(ED) pathway
efflux pump, 37, 53
efflux transporters, 37
electricity, energy source, 111
electrochemical gradient, 32-34
electrogenic transport, 33
electron acceptors, 92, See also
specific electron acceptors
amino acids, 260, 261
anaerobic metabolism, 230-231
anaerobic respiration, 268,
305-306
denitrification, 269, 272
growth yield, 178
metal reduction, 275
organohalides, 303, 304
used by prokaryotes, 269
electron bifurcation, 110, 230, 241,
285
electron carriers, 92, 100-101
H*-translocating membrane,
104-106
nitrogen fixation, 120
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electron confurcation, 231, 241
electron donors, 92
amino acids, 259, 261
chemolithotrophs, 321, 322,
335
denitrification, 269
homoacetogenesis, 302
homoacetogens, 300
hydrogen, 280, 288
metal reduction, 275
methanogenesis, 289, 290
organohalides, 304
sulfidogenesis, 278, 280
electron sink, 262, 274
electron transfer, interspecies, 309
electron transferring flavoprotein
(Etf), 241
electron transport
cyclic, 363, 365
light reactions, 361-365
reverse, 321-322
sulfidogenesis, 283-288
electron transport chains
aerobic and denitrifying, 270
cyanobacteria, 363
diversity in prokaryotes, 101-104
mitochondrial, 99-100, 103
electron transport inhibitors, 104
electron transport phosphorylation
(ETP). See oxidative
phosphorylation
electrons
excited, 361
metabolism, 288
recovery, 248
elements
cycling, 310-314
major, 5, 6, 7
minor, 5, 7
elongation factor, 164, 165
EMP pathway, 58, 59-65, 71
acetone-butanol-ethanol
fermentation, 246
fermentation, 234
hexose metabolism, 189
mixed acid fermentation, 249,
250
modified, in archaea, 63-64
modified, in bacteria, 61-63
radiorespirometry, 76, 77
regulation of, 64-65
endergonic reactions, 89
endogenous metabolism, 446, 447
endogenous respiration, 435

endospores, 173, 454
endo-p-glucanase, 186
energy charge, 64, 94-95
energy conservation
electron bifurcation, 110
homoacetogens, 302-303
methanogenesis, 296-297
organohalide respiration,
303-305
energy coupling factor (ECF)
transport, 35
energy efficiency
C1 metabolism, 222
CO,, fixation, 343
energy transduction, 88-93
ATP role in, 93-96
biological, 112
growth and, 171
energy, and survival, 446-447
energy-converting hydrogenase,
110, 283, 296-297, 302-305
enteric bacteria, 251, 252
Enterococcus faecalis, 237, 249
Entner-Doudoroff (ED) pathway, 58,
70-73, 190
Gram-negative bacteria, 72
key enzymes, 71
modified, 72-73
radiorespirometry, 76, 77
environment
extreme, 353
metal reduction and, 278
environmental stress
response to, 402-428
enzyme activity, regulation,
428-433
enzyme induction, 376
positive and negative control, 377
enzyme synthesis, 372-402
autogenous regulation, 393-394
catabolite repression, 377-383
multiple end products, 387
post-transcriptional regulation,
394-402
regulatory mechanisms, 372
repression and attenuation,
383-387
termination and antitermination,
387-392
two-component systems, 392-393
enzymes. See also proteins
anaerobic, 251
Calvin cycle, 337-339
classes, 141

ED pathway, 71
inducible and constitutive, 376
isoenzymes, 387, 428
restriction, 162
TCA cycle regulation, 409
Epulopiscium fishelsoni, 24, 173
equilibrium constant, 90
Escherichia coli
ammonia assimilation, 125
catabolite repression, 381
cell wall, 16
citrate fermentation, 251
denitrification, 271
DNA replication, 161
enzyme induction, 378
growth yield, 176, 178
HMP pathway, 67, 68
methylglyoxal bypass, 62
molecular composition, 115, 116
outer membrane, 11, 13
radiorespirometry, 76, 77
sigma (o) factors, 373, 374
sRNAs, 397, 399
TAT pathway, 40
TCA cycle, 83, 84, 85
TCA cycle enzymes, 409
ESX proteins, 50
ethanol
acetate from, 223, 224
acetone-butanol-ethanol
fermentation, 244-247, 248
anaerobic fermentation, 233-234
oxidation, 285
ethylene glycol, 198
ethylmalonyl-CoA pathway, 85-87
eukaryotes
electron transport chain, 99
molecular chaperones, 418
programmed cell death, 458
eukaryotic cells, 24
exciton, 361
exergonic reactions, 89, 94
exo-f-glucanase, 186
extracellular nucleation-
precipitation (ENP) pathway, 51
extracellular polymeric substances
(EPS), 10
extracytoplasmic function (ECF)
o-factors, 373, 374, 375, 376
extreme environments, 353

F,zo-dependent glucose-6-phosphate
dehydrogenase, 69
facilitated diffusion, 32
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facultative anaerobes, 231, 232, 249
butanediol fermentation, 250
citrate fermentation, 251
denitrification, 268, 272
nitrogen-fixing, 118
oxygen regulation, 409-412

facultative chemolithotrophs, 331,

332, 334

facultative syntrophy, 310

fatty acid biosynthesis, 141-144
regulation of, 144

fatty acid desaturase, 144

fatty acids
cyclopropane, 144
cytoplasmic membranes, 22
unsaturated, 420, 421
utilization, 194

feedback inhibition, 65, 428-429

feedback regulation, 416

feedforward activation, 65, 428-429

Fenton reaction, 413

fermentation, 88, 90, 230, 436-437
anaerobic. See anaerobic

fermentation
anaerobic respiration, 230
antibiotics, 436
branched pathways, 230, 231,
239, 245, 247
definition, 436
glucose, 73-75
glycine, 256, 258
growth yield, 175
hydrogen, 230-231
nitrate reduction, 274
primary H*/Na* pumps,
109-111
sulfur reduction, 262
fermentation balance, 241, 243,
247-248
fermented food, 237-239
ferredoxin, 118, 119, 120, 240, 281,
285
ferredoxin oxidoreductase, 240
ferredoxin:NAD" oxidoreductase,
111

ferric iron, 268
reduction, 274-277, 278
uptake, 37

ferrous iron, 352

ferrous iron oxidation, 329-331

Fe-S clusters, 101
denitrification, 270
nitrate reductase, 270

filament, 9, 425

filamentous anoxygenic
phototrophic bacteria, 352, 353
filamentous cable bacteria, 327
filamentous sulfur bacteria, 326
fimbria. See pili
final metabolic products
repression and attenuation,
383-387
fine regulation, 428-433
firmicutes, 128, 170
flagella, 8-10, 46
assembly, 168
chemotaxis, 425, 426
flavin, 110
flavin adenine dinucleotide (FAD),
100
flavin mononucleotide (FMN), 100
flavodoxin, 118, 119, 120
flavohaemoglobin, 415
flavoproteins, 100
fluid mosaic model, 20, 21
FNR protein, 272
for system, 410-412
forespores, 172, 454, 455
formaldehyde, 217, 219, 220
formate, 237
metabolism, 253
formate dehydrogenase, 299
formate-hydrogen lyase, 252
formiminoglycine, 261, 263
F-pilus, 10
free energy, 89-91
osmotic pressure, 92
oxidation/reduction reaction,
91-92
series of reactions, 93
free energy change
hydrocarbon oxidation, 311
methanogenesis, 296, 297
polyphosphate hydrolysis, 453
free energy of formation, 89
free radical amino acids, 141
fructose, 63
utilization, 189
fructose diphosphatase, 64, 66
fructose-1,6-diphosphate, 64
fructose-6-phosphate, 150, 151, 337
RMP pathway, 219
fruiting bodies, 458
FtsZ protein, 171, 172
fucose fermentation, 255
fumarate, 201, 308
binding, 312
metabolism, 309

fumarate reductase, 87, 109, 254
fungi
chitin, 188
denitrification, 272
hydrocarbon-utilizing, 205

galactitol, 190
galactouronate, 190
galvanic corrosion protection, 112
Gemmata obscuriglobus, 25
gene derepression, 428
gene expression
post-transcriptional regulation,
394-402
regulation of, 387, 435
general secretory pathway (GSP), 40,
44
genetic code, mRNA, 164
genetic engineering, 461
genome silencing, 460
gentisate, 210, 211
pathway, 211, 213
Geobacter sp., 111
Geobacter lovleyi, 303
Geobacter metallireducens, 276
Geobacter sulfurreducens, 10, 276
germination, 456
gInA gene, 406
global control system, 123
global regulation, 396, 402-428
bacteria, 404
EMP pathway, 65
molecular oxygen, 409-412
glucoamylase, 185
gluconeogenesis, 65-67
archaea, 66
methanogens, 298
regulation of, 67
Gluconobacter sp., 69, 223
Gluconobacter oxydans, 224
glucose
butyrate-acetate fermentation
carbon-14 labelled, 76
extracellular oxidation, 72
fermentation, 73-75
metabolism, 249
phosphorylation, 59, 60
transport, 378
glucose dehydrogenase, 72
glucose-6-phosphate, 59, 60, 150
synthesis, 65-67
glucose-6-phosphate
dehydrogenase, 69
glucuronate, 190
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glutamate, 116, 124, 125, 199
biosynthesis, 133
fermentation, 257, 258
glutamate dehydrogenase, 125, 405,
431, 433
glutamine, 116, 125, 135
glutamine synthetase, 125, 400, 401,
405, 406, 407, 431, 432
glutarylation, 432
glyceraldehyde-3-phosphate, 61,
337
glyceraldehyde-3-phosphate
dehydrogenase (GAPDH), 62
glycerate pathway, 196
glycerol, 199, 239
fermentation, 243, 249, 251
glycerol teichoic acid, 156
glycerophospholipids, 20
glycine, 132
fermentation, 256, 258

quorum sensing, 420, 421

TonB-dependent active transport,
37

Gram-positive bacteria, 11, See also
Bacillus subtilis, Clostridium sp.

carbon catabolite repression,
381-383

cell wall, 17

cell wall proteins, 156

multiple intracellular offspring,
172,173

organohalides, 304

outer membrane, 15

protein translocation through cell
wall, 43

quorum sensing, 422

sigma factors, 375

green bacteria, 352, 353

absorption spectra, 357

carotenoids, 355

chlorophyll in, 355

haem, 101, 254
biosynthesis, 147
Haemophilus influenzae, 1, 168
half reaction, 91
Haloarcula marismortui, 86, 88
Haloarcula vallismortis, 63
Halobacterium salinarum, 53
halophilic archaea, 23, 53, 193, 368,
369
heat shock proteins, 396, 415, 416
heat shock response, 415-417
Helicobacter pylori, 47, 331
heliobacteria, 352, 353, 360
absorption spectra, 357
carbon metabolism, 366
carotenoids, 355
hemicellulose, 187
heterocystous cyanobacteria, 351
heterocysts, 120
heterodisulfide reductase, 293, 295,

glycine reductase, 256 B 296
glycocalyx, 10 photosynthetic apparatus, 359-360 heterofermentative LAB, 234, 235,
glycogen green sulfur bacteria, 339, 352, 239

biosynthesis, 153, 396

reserve materials, 447
glycolate, 196
glycolipids, 205

353
carbon metabolism, 367
CO, fixation, 366
electron transport, 364-365
greenhouse gases, 313

heterolactate fermentation, 235

heterotrophic methylotrophs, 215,
219

hexokinase, 59

glycolysis, 58-77 > hexose
archaea, 58, 75 group translocation, 35-36, 59 metabolism by homoacetogens,
major pathways in prokaryotes, growth, 171-180 301

71
radiorespirometry, 76-77
glycosylation, 168
glyoxalase, 62, 63
glyoxylate, 196, 197, 201, 222
production, 341, 342
glyoxylate cycle, 84-85, 194
regulation, 85
sumimary, 85
glyphosate, 215
gramicidin A, 31
Gram-negative bacteria, 11
ammonium assimilation, 407
catabolite repression, 377
ED pathway, 70, 72
extracellular oxidation of glucose,

energy transduction, 171
regulation and, 433-436
growth factors, 8
growth rate, regulation of, 435
growth yield, 174, 179
electron acceptors and
maintenance energy, 178
fermentative microorganisms,
175
theoretical maximum Yatp, 176
guanine, 205, 261
guanosine 5’-monophosphate
(GMP), 138
guanosine diphosphate (GDP), 62
guanosine pentaphosphate, 403
guanosine triphosphate (GTP), 62

utilization, 189-191

hexose monophosphate (HMP)

pathway, 58, 67-70, 134

archaea, 70
oxidative cycle, 69
pentose conversion, 192
pentose utilization, 69
radiorespirometry, 76
regulation of, 69
three steps, 67-68

hexose phosphate, 150

Hfq protein, 399

high-energy phosphate bonds, 94

histidine, 134, 137, 200
degradation, 201

histidine kinase, 392

72 . L HMP pathway. See hexose
flagellum, 9 H+/ATP stoichiometry, 108 monophosphate (HMP)
mixed acid fermentation, 249 H'/lactate symport, 237 pathway

organohalides, 304

outer membrane, 11, 14

pili, 10

protein translocation across outer
membrane, 43-53

H'-dependent acetogens, 302

H'-translocating ferredoxin:NAD*
oxidoreductase, 111

H'-translocating membrane,
104-106

homoacetogens, 298
acetyl-CoA pathway, 340
carbon metabolism, 299-302
carbon metabolism, 299
electron donors, 300, 302
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energy conservation in, 302-303
xenobiotics, 310
homofermentative LAB, 234, 236
homogentisate pathway, 209, 210
homolactate fermentation, 234
hook, 9, 425
hopanoids, 20, 21
hourglass timer, 364
housekeeping sigma factor, 373, 374
humic acid, 305, 306
hybrid autotransporter (T5dSS), 49
hydrocarbon monooxygenase, 205
hydrocarbons, 451
anaerobic respiration, 311-313
hydrogen, 5, 6
electron donor, 280, 288
fermentation, 230-231
hydrogen cycling, 282, 285, 286, 287
hydrogen peroxide, 231, 412, 413
hydrogenases, 332-333
classes, 333
sulfidogenesis, 283
Hydrogenobacter thermophilus, 273,
340
hydrogenotrophic methanogens,
290, 293, 297
hydrogen-oxidizers, 331-333
anaerobic, 334
CO, fixation, 333
hydrogenases, 332
hydrolysis, polymers, 185-189
hydrothermal vents, 262, 273, 280,
334, 353
hydroxamates, 37
hydroxyl radical, 412
hydroxylamine, 323
hydroxylamine oxidoreductase
(HAO), 323
hyperthermophiles, amylase
production, 186
hyperthermophilic archaea, 22, 23
fermentation, 262-263
hypochlorous acid, 413
hypoxanthine, 205

Ignicoccus hospitalis, 15, 53

immune systems, 460-462

incomplete oxidation, 223-225

incomplete oxidizers, 278, 279, 281,
283-287

incomplete TCA fork, 87, 244

inducible enzymes, 376

inhibitors, oxidative
phosphorylation, 104

initiation codon, 165, 166
injectisome, 46
inorganic nitrogen, assimilation,
115-126
inosine 5’-monophosphate (IMP),
138
integral proteins, 24, 158
interspecies electron transfer, 309
intracytoplasmic membrane (ICM),
25
inverted autotransporter (T5eSS), 49
inward chloride pump, 368, 369
iodate, 306
ionophores, 31, 108
iron, 5, 6
ferric, 268
ferric iron reduction, 274-277,
278
ferric iron uptake, 37
ferrous, 352
ferrous iron oxidation, 329-331
Fe-S clusters. See Fe-S clusters
iron bacteria, 329-331
isoamylase, 185
isocitrate, 81, 84, 85
phosphorylation, 430
isocitrate dehydrogenase, 67, 81, 85,
86, 95
isocitrate lyase, 85
isoenzymes, 387
regulation, 428
isoleucine, 131, 132, 200, 388
isopentenyl pyrophosphate (IPP),
147
isoprenoid biosynthesis, 147
isorenieratene, 355

Kai protein complexes, 362, 363, 364

ketoadipate pathway, 212

ketone utilization, 197-199

kinase-phosphatase, 85, 86

Kilebsiella pneumoniae, 109, 120, 123,
124, 251

Krebs cycle. See tricarboxylic acid
(TCA) cycle

lac operon, 377, 378
activation, 380
lactaldehyde, 190
lactate, 73
acetate fermentation, 242, 243
fermentation, 234-239, 241-244,
254
oxidation, 285

propionate fermentation, 253
lactate dehydrogenase, 234, 281
butanediol fermentation, 249
lactate/H" symport, 237
lactate-citrate exchange, 238
lactic acid bacteria (LAB), 36, 73, 74,
234
biosynthesis, 236
fermented food, 237-239
heterofermentative, 234, 235,
239
homofermentative, 234, 236
oxygen metabolism, 237
probiotics, 239, 243
lactobacillic acids, 22
Lactobacillus acidophilus, 15
Lactobacillus plantarum, 237
Lactococcus cremoris, 110
Lactococcus lactis, 237
lactonase, 69
lactose
induction, 376
transport, 37
utilization, 190
ladderane lipids, 26
L-amino acids, 128
lanthanides, 6
leader sequence, 384, 385
leghaemoglobin, 120
Legionella pneumophila, 47
leucine, 131, 132, 388
Leuconostoc mesenteroides, 73-75
light reactions, 360-365
light, properties of, 361
lignin, 208
linear fermentative pathways, 230,
231
lipid A, 11, 13, 14
lipid droplets, 451
lipids. See also phospholipids
biosynthesis, 141-148
hydrolysis, 188
reserve materials, 448-452
lipopolysaccharide (LPS), 11, 13, 43,
150
precursor of, 152, 153
synthesis, 51, 52
translocation, 158
lipoproteins, 13, 14, 158
lipoteichoic acid, 17
logarithmic phase, 115
low G + C content, 381-383
luciferase, 111
luminescent bacteria, 420
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lysine, 97, 129, 130, 202
fermentation, 258
Lysinibacillus sphaericus, 11

magnesium, 5, 6
magnesium ions, 61
magnetosome, 25
magnetotactic bacteria, 25
maintenance energy, 178, 180, 446
major elements, 5, 6
chemical forms, 6, 7
major facilitator superfamily (MFS),
37
malate synthesis, 85, 88
malolactic fermentation, 36, 239
malonate, 194
malonyl-ACP, 142
malonyl-CoA, 142
malonyl-CoA reductase, 343
maltose
transport, 34
utilization, 190
manganese, 7, 335
reduction, 274, 275, 276, 278
mannose
transport, 36
utilization, 189
mannose-6-phosphate, 150
marine algae, 303
marine bacteria, 71, 127, 456
Marinobacter santoriniensis, 278
M-DAMO, 314
Megasphaera elsdenii, 255
membrane fusion protein (MFP), 45
membrane potential, 33, 96
menaquinone, 100, 101
meta cleavage, 211, 213
Metabacterium polyspora, 172
metabolic intermediates, high-
energy bonds, 94
metabolic regulation, 372
archaea, 402
cross-regulation, 423-425
enzyme activity, 428-433
enzyme synthesis, 372-402
fermentation, 436-437
global. See global regulation
growth, 433-436
metabolism, oscillations, 362
metabolites
secondary, 436
termination/antitermination,
391, 392
metabolon, 24, 82

metal reduction, 274-278
and the environment, 278
assimilatory/dissimilatory, 274,
278
xenobiotics, 310
metallochaperones, 53
methane, 205
anaerobic respiration, 313-314
dissimilation by methanotrophs,
217-219
oxidation
production, 296
utilization, 215-223
methane monooxygenase, 217
methanofuran (MF), 291
methanogenesis, 289-298
coenzymes, 291-293
energy conservation, 296-297
pathways, 293-296
xenobiotics, 310
methanogenic archaea, 22, 23, 338
oxygen sensitivity, 231
methanogens, 69
aceticlastic, 291, 295-296, 297
biosynthesis, 297-298
hydrogenotrophic, 290, 297
methylotrophic, 291, 294-295
nitrogen-fixing, 118
orders, 289
syntrophic associations, 307, 310
methanol
reduction, 294
utilization, 215-223
methanol dehydrogenase, 6, 217
methanophenazine, 101
Methanosaeta, 295
Methanosarcina, 295
Methanosarcina barkeri, 296, 298
Methanospirillum hungatei, 308
methanotrophs, 215
characteristics, 217
dissimilation of methane,
217-219
methionine, 129, 130, 164, 201
Methylacidiphilum fumariolicum, 6
methylaspartate cycle, 86, 88
methylcitrate cycle, 194, 196,
198
methyl-CoM, 294
methyl-CoM reductase, 293
methylglyoxal bypass, 62-63
methylmalonyl-CoA mutase, 254
methylmalonyl-CoA pathway, 194,
196

Methylobacterium extorquens, 6, 218,
220
Methylobacterium radiotolerans, 6
Methylocella., 215
Methylophilus methylotrophus, 219
Methylosinus trichosporium, 220
methylotrophic methanogens, 291,
294-295
methylotrophic yeasts, 221, 223
methylotrophs, 215
carbon assimilation, 219-223
classification of, 215
mevalonate pathway, 147
mevalonate-independent pathway,
147
Michaelis-Menten kinetics, 32
microaerophiles, 231
microbial fuel cell (MFC), 112
microbially influenced corrosion
(MIC), 298
Microvigula aerodenitrificans, 274
minor elements, 5, 7
mitochondrial electron transport
chains, 99-100, 103
mixed acid fermentation, 249
mobile carrier model, 31, 32
mobile genetic elements, 460
modulons, 403
molecular chaperones, 416,
418
molecular composition, bacterial
cells, 115
molybdenum, 5, 7, 270
molybdoferredoxin, 117, 119
monomers, synthesis, 117
monooxygenase, 205
monosodium glutamate, 225
Moorella thermoacetica, 273, 301
Mot complex, 8
mRNA, 373
genetic code, 164
modulation of translation and
stability, 396-401
stability, 394, 395
structure and translational
efficiency, 395
synthesis, 384, 385
multi antimicrobial extrusion
protein superfamily (MATE),
38
multidrug efflux pump, 37
multigene system, 123
multiple end products, 387
multiple fission, 173-174
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multiple offspring
intracellular, 172-173
multiple fission, 173-174
multivalent attenuation, 387
Mycobacterium tuberculosis, 50, 414,
447
mycolic acids, 15
mycomembrane, 15, 50
mycoplasmas, 11

Na*-dependent acetogens, 302
Na*-dependent decarboxylase, 109,
110
Na*-translocating ferredoxin:NAD*
oxidoreductase, 111
NADH
nitrate reduction, 123
oxidation, 240, 269
NADH dehydrogenase, 99
NADH-ubiquinone reductase, 99
NADPH, reduction, 67, 68, 123
nanobacteria, 446, 457
nanowires, 10
NarX/NarL, 272
N-DAMO, 314
negative control, 377
neurosporene, 355
neutrophiles, 96
ferrous oxidation, 329, 330
nickel, 7
nif regulon, 124
NiFe-hydrogenases, 333
nisin, 436
nitrate
ammonification, 273
reduction, 123-124, 280
nitrate reductase, 270-271
nitric oxide, 269, 270, 271, 272, 402,
413, 414, 415
nitric oxide reductase, 270, 271
nitrification, 116, 321-325
nitrifying bacteria, 321, 324
nitrite oxidation, 324, 325
nitrite oxidoreductase (NOR), 324
nitrite reductase, 270, 271
Nitrococcus mobilis, 322
nitrogen, 5, 6, 116, 117, 269
anabolism, 435
chemical forms, 7
inorganic, assimilation, 115-126
reactive nitrogen species, 414,
415
nitrogen control genes, 123
nitrogen cycle, 116

nitrogen fixation, 116-123
biochemistry of, 117-120
bioenergetics of, 120
cyanobacteria, 351, 362
molecular oxygen and, 120-123
regulation of, 122-123

nitrogenase, 117-120, 123
regulation, 122

nitrogen-fixing organisms, 116,

118

nitropropanol, 306

nitropropionate, 306

nitrosative stress responses, 415

Nitrosomonas europaea, 323, 346

Nitrospira sp., 321

nitrous oxide, 269, 270, 271

nitrous oxide reductase, 270, 271,

272
Nocardia petroleophilia, 208
non-butyrate clostridial
fermentation, 244

non-sulfur purple bacteria, 352

N-terminal sequence, 40, 41

nucleases, 205

nucleic acid bases
degradation, 205
fermentation, 261
sRNAs, 399

nucleic acids, hydrolysis, 188

nucleoid assembly, 170

nucleotide biosynthesis,

138-141
nutrient broth, 199

O-acetylhomoserine, 130
O-antigen, 11, 13, 152, 153
obligate anaerobes, 231

sulfidogenesis, 278
obligate chemolithotrophs, 332,

346
obligate methylotrophs, 217,
219

Okazaki fragment, 161
oligomycin, 107
oligotrophic ecosystems, 446
OmpaA, 14
OmpC, 14
OmpF, 14
operons, 376

beta-glucanase, 390

global regulation, 402

lac, 377, 378, 380

lac operon, 377, 378

trp, 384, 385, 386, 389

organic acids
from deamination of amino acids,
201
more oxidized than acetate,
196-197
utilization, 194-197
organic compounds,
chemolithotrophs and,
346
organohalide respiration, 303-305
organophosphonates, 214
oriC DNA, 160, 161, 162
orisome, 160, 161
ornithine, 129, 258
orotate, 138
orphan activities, 1
ortho cleavage, 211, 212
Oscillatoria, 351
Oscillatoria sancta, 357
osmotic pressure
changes in, 422
free energy, 92
outer membrane, 11-15
assembly, 158-160
protein translocation in Gram-
negative bacteria, 43-53
TonB-dependent active transport,
37
outer membrane protein (OMP), 45,
422
outer membrane vesicles (OMVs), 15
oxalate, 197
oxaloacetate, 82, 84, 196, 201,
237
oxaloacetate decarboxylase, 250
oxaloacetate family, 128-131
oxidation/reduction balance, 247,
248
oxidation/reduction potential, 91
oxidation/reduction reaction, free
energy, 91-92
oxidative deamination, 199
oxidative decarboxylation,
pyruvate, 80-81, 233
oxidative phosphorylation, 24, 96,
97, 98-111, 230, 268
inhibitors of, 104
oxidative stress, 398
oxidative stress responses, 412-415
oxygen, 5, 6
anaerobes, 231-233
chemical forms, 7
metabolism in LAB, 237
nitrogen fixation, 120-123
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oxygen (cont.)
reactive oxygen species, 331, 354,
364, 412, 414
regulation in facultative
anaerobes, 409-412
oxygenase, 211
oxygenic photosynthesis, 362
OxyR, 413

P680, 362, 363
P700, 362, 363
P840, 364
P870, 365
PAM (protospacer adjacent motif),
460, 461
para cleavage, 211
Paracoccus denitrificans, 196, 270
Paracoccus pantotrophus, 327
pectin, 187
Pediococcus halophilus, 237, 250
penicillin, 436
penicillin binding protein (PBP)
complex, 157
pentose phosphate pathway, 67, 68
pentose utilization, 192
in archaea, 192-193
pentoses, 236
HMP cycle, 69
peptide synthesis, 165-167
initiation and elongation,
165-166
protein folding, 169
termination, 166
peptidoglycan, 11, 15, 16, 17
synthesis, 17, 154-155
peptidoglycan monomers, 151
perchlorate, 305, 306
peripheral proteins, 24
periplasm, 18
periplasmic chaperone, 44
peroxidase, 231, 237
persister cells, 457, 458
petroleum refineries
PH, 96
acidophiles, 97
cytoplasm, 96
proteases, 188
uncouplers, 108
phaeophytin, 354, 357
phaeophytin-quinone reaction
centre, 353, 357
phenylacetate, 210
phenylacetate pathway, 209, 210,
211

phenylalanine, 133, 209, 210
pheromones, 420, 422
pho system, 407-409
phosphate bonds, high-energy, 94
phosphate limitation, 407-409
phosphatidic acid, 145, 146
phosphatidylcholine, 145
phosphatidyls, 21
phosphodiesterase, 379
phosphoenolpyruvate (PEP), 35, 61,
62, 84, 94, 196
synthesis, 65
phosphoenolpyruvate (PEP)
carboxylase, 84, 249
phosphofructokinase (PFK), 61
regulation, 64
phosphoglycerate family, 131
phosphoglycolate, 196
phosphoketolase, 192
phosphoketolase (PK) pathway, 58,
73-75
fermentation, 234, 235
radiorespirometry, 76
phospholipids, 11, 141
biosynthesis, 144-145
cytoplasmic membrane, 19,
20-24, 159
translocation, 158
phosphorelay, 454, 455
phosphoribulokinase, 337
phosphoroclastic reaction, 239, 240
phosphorus, 5, 6
chemical forms, 7
phosphorylases, disaccharide, 188
phosphorylation, 430
glucose, 59, 60
oxidative. See oxidative
phosphorylation
photophosphorylation, 368-369
substrate-level, 94, 96, 230
phosphorylation potential, 90, 95
phosphotransferase system (PTS),
35,59
glucose transport, 378
Photobacterium fischerii, 111
photolithotrophs, 366
photons, 361
photoorganotrophs, 365
carbon metabolism, 366-367
photophosphorylation, 368-369
photorespiration, 339
photosynthesis, 88, 90, 351-369
CO production, 334
light and dark reactions, 360

oxygenic, 362
photosynthetic apparatus, 357-360,
395, 410
photosynthetic bacteria
anaerobic, 352-353
nitrogen-fixing, 118
photosynthetic microorganisms,
351-354
photosynthetic pigments, 354-357
photosystem I, 122, 359, 362-364
photosystem II, 120, 359, 362-364
phototrophic bacteria
aerobic anoxygenic. See aerobic
anoxygenic phototrophic
bacteria
multiple fission, 173
phototrophs, classification, 365
phycobiliproteins, 357
phycocyanin, 452
physical modification, regulation
through, 433
pigments
photon absorption, 361
photosynthetic, 354-358
PII protein, 406
pili, 10, 44
pK,. 97, 243
Planctomycetes, 17, 25
plasmalogens, 22
plasmids, 26, 211, 460
plastics, 215
Pleurocapsa, 351
polyhedral organelles, 25, 26
polymers
extracellular, 10
hydrolysis, 185-189
reserve materials, 447
secondary cell wall, 17, 158
polypeptides, reserve materials,
452-453
polyphosphate, 26, 61
reserve material, 453-454
polyphosphate-glucose
phosphotransferases, 61
polysaccharide hydrolases, 187-188
polysaccharides. See also
lipopolysaccharide (LPS)
biosynthesis, 153-157
export, 51-52
poly-B-hydroxyalkanoate (PHA), 26,
448-451
poly-p-hydroxybutyrate (PHB), 448,
449, 450
poly-y-glutamic acid (y-PGA), 452
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population survival, 457-459
pore model, 31, 32
porins, 13, 14, 422
positive control, 377
post-replicational modification, 162
post-transcriptional processing, 163
post-transcriptional regulation,
394-402
post-translational modification,
168-169, 429-433
potassium, 5, 6
precursor/product antiport, 36-37
pre-replication complex, 160
Prevotella ruminicola, 63
primary alcohols, 197
primary H* (Na*) pumps, 109-111
primary production, 89
primary transport, 32
probiotics, 239, 243
programmed cell death, 446,
457-458
prokaryotes. See also
chemolithotrophs, bacteria,
archaea
denitrifying, 269
electron acceptors, 269
electron transport chains,
101-104
energy transduction, 88-93
major glycolytic pathways, 71
nitrogen-fixing, 116, 118
photophosphorylation, 368-369
restriction enzymes, 162
ribosome size, 170
SOD and catalase activities, 232
prokaryotic cells. See also bacterial
cells
composition, 5-8
structure, 8-27
prokaryotic genome sequences, 1
proline, 135
degradation, 202, 204
proline dehydrogenase, 393
promoter activity, 376
promoters, 162, 163
propanediol, 198
propanediol pathway, 255
propionate
fermentation, 253-257
oxidation, 285
Propionibacterium sp., 109, 253, 255
Propionispora vibrioides, 253
propionyl-CoA, 194, 196
propylene oxidation, 208

proteases, optimum pH, 188
protein folding, 168-169, 170
protein glycosylation, 168
protein translocation, 158
outer membrane, 43-53
protein transport, 40-43
proteins. See also enzymes
acid shock, 97
bacterial cells, 115, 116
carrier, 31
cell wall, 156
cold induced/shock, 397, 417, 419
cytoplasmic membrane, 21, 24
ESX proteins, 50
heat shock, 396, 415, 416
hydrolysis, 188
integral, 24, 158
lipoproteins, 13, 14, 158
modulation of mRNA translation
and stability, 396-398
peripheral, 24
periplasm, within, 19
phycobiliproteins, 357
sensor-regulator, 392-393
termination and antitermination,
389-390
proteobacteria, 173
proteolytic clostridia, 239
protocatechuate, 210, 211, 212
proton gradient, 33, 96
proton motive force, 93, 96-98
acidophiles, 97-98
alkaliphiles, 98
ATP interconversion, 96
methanogenesis, 295, 298
proton pump, 105
fermentative metabolism,
109-111
proton pump rhodopsin, 368, 369
protonophores, 108
protons, translocating membrane,
104-106
Providencia rettgeri, 251
PRPP, 133, 137
PrrB/PrTA system, 409
Pseudoanabaena sp., 351
pseudoazurin, 271
Pseudomonas aeruginosa, 15, 19, 84,
102, 196, 376, 402
pho system, 408
Pseudomonas oleovorans, 208
Pseudomonas oxalaticus, 197, 198
Pseudomonas pseudoalcaligenes, 125
Pseudomonas putida, 72, 190, 191, 217

Pseudomonas saccharophila, 70
Pseudomonas syringae, 456
Pseudomonas sp., glucose oxidation,
72
pseudopeptidoglycan, 17
pullulanase, 185
purine bases
degradation, 206
fermentation, 261
synthesis, 138
purple bacteria, 352
carbon metabolism, 366
carotenoids in, 355
electron transport, 365
photosynthetic apparatus, 359
purple non-sulfur bacteria, 352, 353,
354
purple sulfur bacteria, 352
pyrimidine bases
biosynthesis, 138
degradation, 207
fermentation, 261
pyrite, 325, 329
Pyrococcus furiosus, 63, 64, 262
pyrophosphate (PP;), 62, 93, 281, 454
pyrroloquinoline quinone (PQQ),
217,224
pyrrolysine, 131, 164
pyruvate, 131, 201
carboxylation, 84
fermentation, 257
oxidation, 236
oxidative decarboxylation, 80-81,
233
production, 61
synthesis, 194, 196, 341
pyruvate carboxylase, 84
pyruvate decarboxylase, 234
pyruvate dehydrogenase, 236
pyruvate dehydrogenase complex,
80
pyruvate family, 128-131
pyruvate kinase, regulation, 65
pyruvate synthase, 299
pyruvate:ferredoxin
oxidoreductase, 240
pyruvate:formate lyase, 249, 251

Q-cycle, 105-106

Q-loop, 105-106

quinones, 100

quorum quenching, 421

quorum sensing, 111, 392, 402,
420-422
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radiorespirometry, 76-77
Ralstonia eutropha, 346, 449
RCI/ 11, 362, 363
reactive nitrogen species, 414, 415
reactive oxygen species, 331, 354,
364, 412, 414
receptors, 13, 14
redox potential, 91, 230
chemolithotrophs, 322
denitrification, 272
organohalides, 303
redox reaction, free energy, 91-92
redox-cycling molecules (RCMs), 413
redox-regulated chaperones, 414
reductive deamination, 256
reductive dehalogenase, 305
reductive TCA cycle, 87, 339-340
regulation. See global regulation,
metabolic regulation,
autogenous regulation
regulatory networks, 435
regulons, 120, 124, 377, 426
global regulation, 402
RelA protein, 403
replisome, 161
repression, 384, 388
repressors, 163
reserve materials, 447-454
resistance-nodulation-cell division
superfamily (RND), 38
resonance transfer, 361
respiration, 88, 90, 91, 230, 268
aerobic, 120
anaerobic. See anaerobic
respiration
endogenous, 435
growth yield in, 179
photorespiration, 339
response regulatory (RR) protein,
392, 393
resting cells, 27, 454-457
restriction enzymes, 162
retinal, 368, 369
reverse electron transport, 321-322,
366
rhamnose, 190
Rhizobium sp., 116
nitrogen fixation, 120
nitrogenase complex, 119
Rhodobacter capsulatus, 352, 395
Rhodobacter sphaeroides, 83, 85, 87,
354, 367, 398
Rhodococcus rhodochrous, 208
Rhodopseudomonas gelatinosa, 430

acetylation
rhodopsins, 24, 368-369
riboflavin synthesis, 392
ribonucleotide reductase, 138, 141
ribonucleotides, 138
riboplasm, 25
riboregulation, 397-401
ribose, 192
ribosomal pathway, 403
ribosomes, 26, 165, 166, 393
assembly, 170-171
rescue to tmRNA, 167
riboswitch, 387, 389, 392
cyclic dimeric, 400-402
ribulose, 192
ribulose monophosphate (RMP)
pathway, 67, 70, 219-221, 223
variants, 219
ribulose-1,5-bisphosphate
carboxylase, 337, 338, 339
rings, flagella, 8, 168
RNA
antisense, 400, 401
bacterial cells, 115, 116
crRNA, 460
cytoplasm, 26
mRNA. See mRNA
TRNA synthesis, 170
sRNAs, 354, 397-401
stability, 394-395
synthesis, 138, 162, 163
tmRNA, 167
tRNA. See tRNA
RNA chaperones, 418
RNA polymerase, 162, 163,
373
sigma (o) factors, 373
RNA primer, 161
roadblock mechanism, 387
Roseburia inulinivorans, 255
Rpf proteins, 457
TRNA synthesis, 170
RuBisCO, 339
Ruminococcus albus, 310
rusticyanin, 329

saccharides. See also polysaccharides
biosynthesis

saccharolytic clostridia, 98, 239,
243, 244

Saccharomyces cerevisiae, 144, 233

S-adenosylmethionine, 145, 162,
291

Salmonella enterica, 152

Salmonella typhimurium, 198
outer membrane, 11, 14
salvage pathway, 138
Sarcina ventriculi, 22
saturated acyl-ACP, 142
S-box system, 391
Schiff’s base, 368, 369
S-components, 35
S-DAMO, 314
SecB pathway, 40
SECIS element, 164
second messengers, 400, 402
secondary alcohols, 198
secondary cell wall polymers
(SCWP), 17, 158
secondary metabolites, 436
secondary transport, 33
secretin, 45, 46
secretion systems, protein, 43-53
secreton, 46
segmented filamentous bacteria
(SFB), 173
selenium, 7
reduction, 275, 277
selenocysteine (Sec), 40, 132, 164
selenocysteinyl-tRNA, 134
self-targeting, 461
sensor-regulator proteins, 392-393
sensory rhodopsin I/II, 368, 369
sequential induction, 376
serine, 131, 200
serine-isocitrate lyase (SIL)
pathway, 220-222, 223
sewage works, 278, 334
Shewanella loihica, 273
Shewanella oneidensis, 10, 274, 276,
277
shikimate, 133
Shine-Dalgarno sequence, 165, 166,
391, 398, 400
shock-sensitive transport system, 34
siderophores, 37, 39
sigma factors, 373-376
stress response, 414
signal recognition particle (SRP)
pathway, 40, 158, 168
signal-transducing system, 408
silage, 241
simple diffusion, 32
single accessory factors, 48
singlet oxygen, 412, 414
S-layer, 11, 53, 157, 168, 393
S-layer protein, 157
slime layer, 10, 170
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small multi-drug resistant
superfamily (SMR), 37
Smithella sp., 308
sodium, 5, 6
sodium gradient, 33
sodium motive force
alkaliphiles, 98
methanogenesis, 293, 294, 296
sodium pump, 106
fermentative metabolism,
109-111
sodium pump rhodopsin, 368
soil bacteria, 187, 331, 456
solventogenesis, 244, 246
sortase, 17, 156, 157
sox gene, 327
SoxRS system, 413
soybean sauce, 237
specificity factor, 339
sphingolipids, 20, 21
spirilloxanthin, 355
spontaneous mutation, 162
spores, 27
sporulation, 172, 174, 246, 436
Bacillus subtilis, 454-456
Spot42, 399
sRNAs, 354, 397-401
stable RNAs, 394
standard condition (of a reaction),
89
Staphylococcus aureus
peptidoglycan synthesis, 154,
155
programmed cell death, 458
starch hydrolysis, 185
starvation conditions, 395, 446, 447
sterols, 20, 21
Stickland reaction, 259, 261
stop codon, 131, 167
Streptococcus bovis, 62
Streptococcus pneumoniae, 462
Streptomyces Sp.
riboswitch, 401
secondary metabolites, 436
streptomycetes
multiple fission, 174
streptomycin, 417
stressosome, 375
strict anaerobes, 231, 232, 233, 334
denitrification, 269
stringent response, 403-405, 446,
453
substrate-level phosphorylation
(SLP), 94, 96, 230

succinate dehydrogenase, 82, 99,
100
succinate-propionate pathway,
253-255
succinate-ubiquinone reductase, 99,
100
succinylation, 432
succinyl-CoA, 82, 130
sucrose phosphorylase, 188
sugar
fermentation, 248, 264
group translocation, 35
metabolism, 299-302
utilization, 189-193
sulfate, 278
assimilation, 126-127
reduction, 279, 280, 282
sulfate-reducing bacteria, 126
oxygen sensitivity, 231
sulfhydrogenase, 263
sulfide, 233
sulfidogenesis, 278-289
biochemistry, 280-285
carbon skeleton supply in, 288
electron transport and ATP yield,
283-288
syntrophic associations, 307
xenobiotics, 289, 310
sulfite, 237
sulfite cytochrome reductase (SCR),
328
sulfite reductase, 285, 287
Sulfolobus acidocaldarius, 377
Sulfolobus sp., 193
sulfoquinovose, 190, 191
sulfur, 5, 6, 126, 278
chemical forms, 7
reduction, 278, 279, 280
sulfur bacteria, 338
carbon metabolism, 329
chemolithotrophs, 325-327
green. See green sulfur bacteria
sulfur compound oxidation,
327-329
sulfur purple bacteria, 352
sulfur-dependent archaea, 262
Sulfurospirillum multivorans, 303, 304
superoxide, 231, 232, 412, 413
superoxide dismutase, 231, 232
superoxide reductase, 233
survival, and energy, 446-447
swollenin, 187
symport, 33
Synechococcus elongatus, 122, 362

synthase pathway, 52
syntrophic bacteria, 307-310
carbon metabolism, 308-309
electron transfer, 309
Syntrophobacter wolinii, 308, 309
Syntrophomonas wolfei, 308
Syntrophus aciditrophicus, 309

taurine, 306
T-box system, 391
TCA cycle. See tricarboxylic acid
(TCA) cycle
TCA fork, incomplete, 87, 244
technetium reduction, 278
teichoic acid, 11, 17, 18
synthesis, 156
teichoic acid monomers, 152
terminal oxidases, 101, 102
termination, 387-392
termination codons, 164, 166
terminator, 385, 390
ternary fission/branching, 354
tetrahydrofolate (H4F), 145, 218,
291
tetrahydromethanopterin (H,MPT),
291
theoretical maximum Yarp, 176
Thermoacetogenium phaeum, 301
Thermococcus kodakarensis, 63
Thermococcus onnurineus, 109, 263
thermophilic anaerobes, 234
thermophilic archaea, 338
thermophilic bacteria, 273
thermophilic chemolithotrophs,
280
thiamine pyrophosphate (TPP), 75
Thiobacillus sp., 325
Thiobacillus ferrooxidans, 328
Thiobacillus thiooxidans, 328
threonine, 129, 131, 200
fermentation, 256
thylakoids, 25, 41
thylakoids of cyanobacteria, 359
tmRNA, 167
toluene oxidation, 311
TonB-dependent active transport, 37
topoisomerase, 162
toxin-antitoxin module, 421
toxin-antitoxin systems, 395, 403,
446, 458-459
classification, 459
trans-acting RNAs, 400
transaldolase, 58
transaminase, 125, 128
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transamination, 116, 126, 200
transcarboxylase, 254
transcription, 162, 170
attenuation, 384, 386
autogenous regulation, 393
gene regulation, 388
heat shock proteins, 416
post-transcriptional processing,
163
post-transcriptional regulation,
394-402
regulation, 373-376
replication conflicts, 161
repression-attenuation, 388
RNA synthesis, 162, 163
transhydrogenase, 104
translation, 163-169, 170
autogenous regulation, 393
efficiency, 395
modulation, 397-401
post-translational modification,
168-169, 429-433
trans-translation, 167
transmembrane receptors, 426
trans-translation, 167
TRAP, 35, 389
trehalose, 188
triacylglyceride (TAG), 451
tricarboxylic acid (TCA) cycle, 58,
81-83, 194, 224
citrate synthesis, 81-82
complete bifurcated, 247
enzyme regulation, 409
equation summary, 82
modified, 82
reductive, 87, 339-340
regulation, 83
replenishment of intermediates,
83-88
sulfidogenesis, 281, 283
Trichoderma reesei, 187
triose phosphate, 219, 221
tRNA
selenocysteinyl, 134
structure, 165
termination and antitermination,
390-392

trp operon, 384, 385, 386
attenuation, 389
tryptophan, 133, 164, 202
repression, 384
tungsten, 5, 7, 299
twin-arginine translocation (TAT)
pathway, 40-42, 53
two-component systems, 24, 409
chemotaxis, 426
cross-regulation, 423-425
denitrification, 272
pho system, 407, 408
sensor-regulator proteins,
392-393
two-partner secretion (T5bSS)
system, 48
type I secretion system (T1SS), 43, 45
type I secretion system (T2SS), 43,
45
type III secretion system (T3SS), 43
type Il secretion system (T3SSW), 46
type IV secretion system (T4SS), 43,
47
type V secretion system (T5SS), 43,
48
type VI secretion system (T6SS), 43,
49
type VII secretion system (T7SS), 43,
50
type VIII secretion system (T8SS), 43,
51
tyrosine, 133

ubiquinol:cytochrome c reductase,
100, 105, 106

ubiquinone, 100, 101

ubiquinone:cytochrome c reductase,
99

UDP-N-acetylglucosamine, 150,
151

UDP-N-acetylmuramate, 150, 151

UDP-sugars, 151

ultramicrobacteria, 446, 457

uncouplers, 104, 108

uniport, 33

unsaturated acyl-ACP, 143-144

unsaturated fatty acids, 420, 421

uracil, 207

uranium reduction, 275, 277,
278

urate, 205, 261

urea, 97

urease, 325

urocanate, 201

valine, 131, 132, 388

valine synthesis, 249

valinomycin, 31

vanadium, 5

V-ATPase, 107

versatile cyanobacteria, 352

viable but non-culturable (VBNC)
cells, 456-457

Vibrio cholerae, 34, 70

vinegar fermentation, 98

virulence factor, 49

viruses, 460

vitamin B, 255, 351

wax esters, 451
Wolinella succinogenes, 233
Wood-Ljungdahl pathway, 281

xanthine, 205
Xanthomonas phaseoli, 77
xenobiotics, 214
anaerobic respiration, 310,
314
degradation, 263
oxidation, 274, 289
Xenorhabdus nematophilus, 111
xylose, 187, 192
xylulose, 192
xylulose monophosphate (XMP)
pathway, 221-223

Yatp, 174, 179

theoretical maximum, 176
yeasts, methylotrophic, 221, 223
Yersinia, 46

zinc, 7
Zrting, 171
Zymomonas mobilis, 233
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