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Pseudomonas putida 230
Pseudomonas striata 169, 171
Pseudomonas stutzeri 143
Pyrobaculum aerophilum 375
pyrroloquinoline quinone (PQQ) 6, 168
– application 380–381
– assay methods 377
– biosynthesis and metabolic regulation 378
– chemical properties 376–377
– chemical synthesis 380
– as cofactor 373–376
– cyclic voltammetric analysis of 377
– deficiency 370
– dietary supplementation 370
– economics 380–381
– effects of 367, 372–373
– history 367
– in natural/food sources 367–368
– oral supplementation of 369
– physical properties 376–377
– producing microorganisms 377–378
– strain improvement 378–380
– structure 367, 368
– up-and down-stream processing 380
– as vitamin/bioactive substance 368–373
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pyrroloquinoline quinone-dependent
D-sorbitol dehydrogenase (PQQ-SLDH)
(contd.)

pyrroloquinoline quinone-dependent
D-sorbitol dehydrogenase (PQQ-SLDH)
170

pyrroloquinoline quinone (PQQ)-
linkedglycerol/sorbitoldehydrogenase
(PQQ)-Gldh/PQQ-Sldh) 207

pyruvate dehydrogenase 54, 248, 296

q
quercetin glycosides 474
quinohaemoproteins 373
quinoproteins 367, 373–376

r
raceway cultivation system 271
Ralstonia eutropha 148
rare earth elements (REEs) 180
reactive oxygen species (ROS) 267, 269, 272,
274

Recommended Daily Allowance (RDA) 18,
131

Recommended Dietary Allowance (RDA) 9,
11, 71

red fermented rice (RFR) 509, 520, 522, 525
Reichstein process
– bioconversion of D-Sorbitol to L-sorbose by

gluconobacter 167–168
– establishment of 167
– L-sorbose production 168
– oxidation of L-sorbose to 2-KLG and

rearrangement to Asc 168
repeatable battery for the assessment of
neuropsychological status (RBANS) 372

RFN element, riboflavin biosynthesis 25–26
Rhizobium leguminosarum 450, 454–456
Rhodobacter capsulatus 145, 234
Rhodomicrobium vannielii 234
rhodopsin synthesis 55–56
Rhodospirillum rubrum 230, 252, 343
Rhodotorula rubra 487
riboflavin
– application 33
– assay methods 18–19
– biological role of flavins and flavoproteins

19–21
– biosynthesis and regulation 22–26
– chemical properties 18
– chemical synthesis 33
– deficiencies 18
– definition 17
– 5,6-dimethylbenzimidazol moiety 20

– downstream process 32
– economics 33
– fermentation process 31–32
– historical background 17
– history 17
– natural source/food sources of 17
– physical properties 18
– producing microorganisms 21–22
– RDA variations 18
– strain improvement 26–31
– structure of 19
– units 18–19
rickets 2, 3
rubropunctamine 498, 508, 512
rubropunctatin 497, 498, 508

s
Saccharomyces cerevisiae 23, 24, 27, 28, 67,
244, 295, 329, 334, 338

– biotechnological production of flavonoids
489

– direct L-ascorbic acid formation 201–202
– metabolism of GABA 450
– producing CoQ 328
– transport of GABA 455
S-adenosylmethionine (SAM) 106, 132, 379
Salmonella enterica subsp. enterica 145
Saprolegnia diclina 314
Sarcoscypha occidentalis 21
Saussurea involucrata 487
Scenedesmus 271, 272
Scenedesmus almeriensis 272
Scenedesmus komarekii 273
Scenedesmus obliquus 271, 272
Schilling test 134
Schizochytrium sp. 293, 298, 303, 306, 307,
312, 316

scurvy 3, 161, 469
– causes 1
– lemons and limes for 1
– prevention 1–2
– role of flavonoids on 470
– vitamin C deficiency 1
secondary fermentation 142
Sequential Injection Analysis (SIA) system
399

Shewanella oneidensis 21
single-cell oils 310, 312
Sndhak 208–215
solid-state fermentation (SSF)
– MP production 520, 524
– products 512, 513
soluble glucose dehydrogenase (sGDH) 209,
210, 375
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sorbitol dehydrogenase (SLDH) 168, 170
L-sorbose dehydrogenase (Sdh) 218
L-sorbose pathway 166
sorbose/sorbosone dehydrogenase (SSDH)
173

L-sorbosone dehydrogenase (Sndhai) 208,
211–215

sorbosone dehydrogenase (SNDH) 375
spectrophotometric methods 166
Sphingomonas sp. ZUTEO3 339
Sphingosinicella xenopeptidilytica 424
stability of MPs
– effect of light on 512
– effects of temperature, pH and solvent

511–512
– on metal ion 513
Staphylococci 96, 97
Staphylococcus aureus 237
Streptococcus salivarius ssp. thermophilus
445

Streptomyces coelicolor 487
Streptomyces mobaraensis 431
Streptomyces sp. 129
Streptomyces strains 237
Streptomyces thermocyaneoviolaceus
NBRC14271 (S9AP-St) 424

Streptomyces venezuelae 489
succinic semialdehyde dehydrogenase
(SSADH) 447, 448, 450, 454, 455

superoxide dismutase (SOD) 421, 436
synthesis of niacin
– biological process 49–52
– biosynthesis 49
– chemical process 47–49

t
Tenebrio molitor 391
tetrahydrofolate (THF) 87, 103, 116, 132, 136
– derivatives 105, 108
– structure of 104
thin-layer chromatography (TLC) 80, 234,
514–515

Torulopsis candida 21
4-tosylureido carnosine 429
toxicity of niacin
– glucose intolerance 60
– hepatotoxicity 59
– vasodilation/niacin flush 59–60
transcobalamin (TC) 131
transhydrogenase 20
transport phenomena in L-carnitine
production

– caiT gene, overexpression of 408
– membrane permeabilisation 407

– osmotic stress induction of 408
trehalose 427, 429
triacylglycerol
– oil 307, 308, 313, 314
– structures of 288
– synthesis of 69, 275
1,4,6-trihydroxynaphthalene 512
trimethylammonium compound 401
– biotransformation of 402, 409
– metabolism 403, 404, 406
Trimethyl ester of pyrroloquinoline quinone
(PQQTME) 380

Triton X-100 407
two-helper-strain co-culture system (TSCS)
171, 180

two-step fermentation process 162, 183, 184
– conversion of D-sorbitol to L-sorbose

169–170
– conversion of L-sorbose to 2-KLG

170–175
– fermentation process 177–181
– vs. Reichstein’s process 168–169
– strain improvement 175–177
– upstream and downstream processing

181–182
tyrosine ammonia lyase (TAL) 483, 489

u
ubiquinone-10 321
UC Davis-type 2 diabetes mellitus
(UCD-T2DM) 370

unsaturated fatty acids 287
upstream process
– Asc 181–182
– coenzyme Q10 340–343
– PQQ 380
UV spectrophotometric method 166

v
vanin 89
visual purple (rhodopsin) 55
vitamin antagonists 7
vitamin B2 see riboflavin
vitamin B3 see niacin
vitamin B5 see pantothenic acid
vitamin B9 103–123
vitamin B12 129–151
– absorption 131–132
– application 150–151
– assay methods 137–140
– biochemical pathway 129–130
– biosynthesis 144–145
– causes and prevalence of deficiencies

133–134
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vitamin B12 (contd.)
– chemical properties 136–137
– derivatives 129
– diagnosis of deficiencies 134
– downstream processing 149–150
– economics 150–151
– engineering production 145–146
– fermentation process 146–149
– history 129–130
– metabolic functions 132–133
– metabolic regulation 144–145
– microorganism, source of 129
– occurrence in food and natural sources

130–131
– physical properties 134–136
– producing microorganisms 140–144
– structure of 135
– transport 131–132
– water-soluble compounds 129
vitamin B complex 3
vitamin BT see L-carnitine
vitamin C see L-ascorbic acid (Asc)
vitamin F see essential fatty acids (EFAs)
vitamin P 469, 470
vitamins
– classification 41
– deficiency 1–2
– definition 1
– discovery years and origin source 4

– nomenclature 4–5
– physiological functions 6–8
– production and application 8–13
– survey of 9–11
– technical functions 8
– terminology 3
– types of 41

w
water-soluble vitamins 5, 7, 41
– coenzyme 7
– folate (B9 vitamin) 103–123
– pantothenic acid 67–98
– vitamin B12 129–151

x
Xanthophyllomyces dendrorhous 271
xanthophylls 230, 237, 240, 254, 266–269
x-ray crystallographic analysis 367

y
Yarrowia lipolytica 295

z
Zea mays 481, 485, 486
zeaxanthin 230, 231, 233–235, 239,
250–252, 266–269

Zymomonas mobilis 230, 25 2


