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a
AA. See acetoacetate
ABE. See acetone‐butanol‐ethanol
ACE1 148
ACE2 148
acetaldehyde 15
acetate 28

crude substrate 31
ethyl 117–118
methane 102
pH 180
substrates 33

acetic acid
aliphatic compounds 106
carbon pre‐treatment 104–105
ethanol 95
extraction solvents 117–118
hydrogen 99–100
methane 101
QS 170, 171, 177, 182–183

acetoacetate (AA) 178
Acetobacter spp. 15, 104, 254
acetoin 95, 179–182
acetoin reductase (AR) 180
α‐acetolactate decarboxylase (ALsD) 180
α‐acetolactate synthase (ALsS) 180
acetone 96–98
acetone‐butanol‐ethanol (ABE) 2, 68, 

177–179
acetyl‐CoA 140, 141

biofuels 151
crude substrate 31
itaconic acid 66

aconitase (ACO) 66
acrylic acid 3
Actinobacillus succinogenes 156
activated charcoal 117
acyl‐ACP 173
adenosine 233–234
adenosine triphosphate (ATP) 27, 

140, 141
alcohols 94
aliphatic compounds 107
anaerobic metabolism 12
butanol 179
F6P 46
FBA 205
glucose 212
lag phase, bacterial binary fission 16
sugar 46
TCA 92

ADP 107
aeration 236
Aeromonas hydrophila 174–175, 182
aflatoxins 70
agar disc‐diffusion technique 227–228
agar plug diffusion technique 228–229
agar well diffusion technique 228
agitation

fungi microbial products 236
scale‐up 269–270

AHL. See N‐acylhomoserine lactone
AHL synthase (HdtS) 176
AI‐2 188
AIPs. See autoinducing polypeptides
Albuquerque, P. 183
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Alcaligense spp. 260
alcohol dehydrogenase 15, 182
alcohols 3, 15. See also specific types

carbohydrates 13
carbon pre‐treatment 94–98
E. coli 267
malt 13
S. cerevisiae 186–188
wine 18
yeast 13

alcohol‐to‐jet (ATJ) 288
aldehyde 51, 186, 260
aldehyde dehydrogenase (aldH) 63, 

109, 182
algae

photosynthesis 12
SCP 142

algal oil 5
aliphatic compounds 106–107
alkaloids 153–155
Alkyl Polyglucosides (APG) 303
ALsD. See α‐acetolactate 

decarboxylase
ALsS. See α‐acetolactate synthase
amino acids 3

alcohol 186
bacterial binary fission 17
cereal products 260
fungi 18, 223, 224
glutamic acid 73–74
SCP 142

aminovalaric acid 71–73
ammonia 186

FA 103
ammonium sulfate 202
AMP 140–141
anaerobic metabolism 12, 94

cell signalling 21
yeasts 18

Anaerobiospirillum 
succiniciproducens 156

Antibiotic Regulatory Protein (SARP)  
212, 213

antibiotics 2, 3. See also penicillin
case studies 286–287
QSM 170
Staphylococcus aureus 189

antioxidants 23, 156
anti‐quorum sensing 171
APG. See Alkyl Polyglucosides
APH. See apple pomace hydrolysate
AphA 181
apple pomace hydrolysate (APH) 35
aptamers 262–263
AR. See acetoin reductase
arabinose (AraC) 51–53, 55, 90, 92
ARO9 186, 187
ARO10 186, 187
aromatic compounds 107–108
Arthrobacter globiformis 156–157
ascomycetes 239
Aspergillus spp.

acetic acid 104
citric acid 240
enzymes 149, 284
gluconic acid 71
itaconic acid 65, 239
lipase 206
mutagenesis 206
MVOCs 262
organic acids 155
UV irradiation 243–244
VAP 267

ATJ. See alcohol‐to‐jet
ATP. See adenosine triphosphate
autoinducers 19
autoinducing polypeptides (AIPs)  

176–177

b
Bacillus spp.

acetoin 180
AIPs 177
CCR 45
enzymes 284
hydrogen 99
QS 181–182
succinic acid 156

bacteria 14. See also specific species
alcohols 15
anti‐quorum sensing 171
binary fission 15–18
carbon 50
generation times 17

0004207309.INDD   312 09/22/2018   1:47:00 PM



Index 313

glucose 45–46
glycerol 47
lignocellulosic biomass 44
metabolism 12
QS 172–183, 188–189
rare sugars 156
stress 169–189
sugar 46, 51–52
xylitol 157

baker’s yeast 13, 18
aliphatic compounds 107

basidiomycetes 239
batch cultures 16, 203
benzylisoquinoline alkaloids 155
bicyclomicin 205
Bifidobacterium longum 46
binary fission 15–18
bioaerosols 261–262
BIOAMBER 105
biobutanol 2
biocatalysts

E. coli 61–62
enzymes 305
genetic engineering 53
3‐HP 62
transducers 253–254

biochemical oxygen demand 
(BOD) 255

biodiesel 142
case studies 281–283
future 300
glycerol 44–45

bioethanol. See ethanol
biofilm 170, 171, 189
biofuels 2, 5, 150–153, 267–268. 

See also biodiesel; butanol; 
ethanol; methane/biogas

case studies 281–283
future 289
global marketing and 

competitiveness 309
glycerol 28, 45
government policies 307–309

biogas. See methane/biogas
biological water‐gas shift reaction  

100–101
bioluminescence 174, 257–258

biomass 43–44. See also 
lignocellulosic biomass

enzymes 6
production 140–148
sugar 91

biomass‐to‐liquid (BTL) 90
bio‐surfactants. See surfactants
Biotex 284
BisucciniumTM 105
BOD. See biochemical oxygen  

demand
Bond‐Watts, B. B. 213
Bosch, Carl 1
branching, fungi 15
brewer’s yeast 18
Brice, C. 22
BTL. See biomass‐to‐liquid
Buchner, Eduard 2
budding, yeast 15, 18
BudR 180
Burman, J. P. 202, 203
1,3‐butadiene 288–289
butanediol 179–182
2,3‐butanediol 45
butanol 28, 67–68, 96–98, 179
butyrate 35
butyric acid 99–100

c
C5 sugars 44, 47
C6 sugars 44, 47
CaCO3 37, 226–227
CAD. See cis‐aconitate decarboxylase
cadaverine (1,5‐diaminopentane)  

74–76
CAGR. See Compound Annual 

Growth Rate
calcium gluconate 227
cAMP. See cyclic AMP
candicidin 205
Candida spp. 202

acetic acid 104
biofilm 171
glucose 280
QS 169, 188–189
SCP 142–143
xylitol 157
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carbohydrates 306
alcohols 13
bacterial binary fission 17
butanol 68
cereal products 260
fumaric acid 64
fungi 18
lignocellulosic biomass 5
photosynthesis 12

carbon 13
bacteria 50
cell structure 138–139
cellulose 149
D‐tagatose 157
enzymes 148–149
EPS 202
fungi microbial products 234
glucose 45, 50, 149
metabolism 27–39

CCR 51–54
non‐refined sources 43–57

E. coli 54–55
microbial assimilation of 45–47
microbial sensing to 48–53
S. cerevisiae 55–56

sophorose 149
stress 22
substrate 33, 51

inhibition 280
yeast 47

carbon catabolite repression (CCR) 45
carbon metabolism 51–54
E. coli 54–55
enzymes 148–149
nutrients 50–51
S. cerevisiae 56
substrate 54
sugar 51

carbon dioxide (CO2) 13
alcohols 15
butanol 68
cell structure 138
fumaric acid 64
methane 101
succinic acid 156
wine 18
yeast 19

carbon monoxide 101
carbon pre‐treatment 89–126

alcohols 94–98
biofuel 151
detoxification 110–126
dilute acid hydrothermal method  

109–110
hydrogen 98–101
inhibitors 106–126
methane/biogas 101–103
microbial assimilation 91–105

carboxylic acids 107, 260
Carvalheiro, F. 117
Casadevall, A. 183
case studies 267–289

antibiotics 286–287
biofuels 281–283
enzymes 281–286

Castro, L. 149
CAT8 187
catabolic repressor protein (Crp)  

51–53, 55
catalase 23
catalytic dehydration 3
CCD. See Central Composite Designs
CCR. See carbon catabolite repression
CDABE 257–258
cell cycle 15
cell death 17
cell signalling 19–21
cell structure 138–139
cellobiose 46, 76
cellodextrins 46
cellulase 149–150
cellulose 90, 94, 106, 126, 149, 234
Central Composite Designs 

(CCD) 203
cephalosporin 205
cereal products 260–261
cfu. See colony forming unit
chain elongation, fungi 15
Chandel, A. K. 117
Chapman, L. F. 180
chemical mutagenesis 206
chemo‐organoheterotrophs 18
Chen, H. 183
chitin 239
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chloroform 117–118
chlortetracycline 287
Cho, C. 64
chromatography‐bioautography  

231–232
chromosomes 15
Chu, H. S. 63
chytrids 239
cinnamic acid 107
cis‐aconitate decarboxylase (CAD) 66
citrate synthase (CS) 66
citric acid 104–105, 226–227, 240
Clostridium spp.

AA and PA 178
ABE 96–98
aliphatic compounds 107
biofuels 151
butanol 68, 179
CCR 45
cellodextrins/cellobiose 46
crude substrate 29, 31
farnesol 185
formic acid 258
hydrogen 99
hydrogenase 36
input parameters 36
QS 183–185
substrates 33, 35

CO2. See carbon dioxide
CoA. See coenzyme A
COBRA toolbox 204
coenzyme A (CoA) 140. See also 

acetyl‐CoA
colony forming unit (cfu) 18
compartment sensing 170
Compound Annual Growth Rate 

(CAGR) 3
contact bioautography 231
contamination, scale‐up 289
copper 150, 258
corn steep liquor (CSL) 35
Corynebacterium glutamicum 74, 

76, 103
itaconic acid 65
succinic acid 156

Crabtree effect 19, 279
CRE1 148

Crick, Francis 2
cross streak technique 229
Crp. See catabolic repressor protein
crude substrate 29–31
Cruz, J. M. 118
Cryptococcus neoformans 185
CS. See citrate synthase
CSL. See corn steep liquor
Cupriavidus necátor 63
Cyanobacteria spp. 12, 258
cyclic AMP (cAMP) 51, 53, 55
cytochrome C peroxidase 23
cytosol 65–66, 148
CzapekDox Agar (CZA) 244

d
dark fermentation 31–33, 99
Delisea pulchra 171
1,5‐diaminopentane (cadaverine)  

74–76
diffusion sensing 170
diffusion techniques, fungi microbial 

products 226–229
4,5‐dihydroxy‐2,3‐pentanedione 

(DPD) 177
dilute acid hydrothermal method  

109–110
dilution, fungi microbial products 

quantitative control 232
dimethylallyl pyrophosphate 

(DMAPP) 261–262
Ding, Y. 155
direct bioautography 231–232
dissolved oxygen (DO) electrodes  

254–256, 258, 273
Divies, C. 253
DMAPP. See dimethylallyl 

pyrophosphate
DNA 2

bacterial binary fission 15
cell signalling 20
lag phase, bacterial binary fission 16
mutagenesis 205–206
phage invasion 277
ROS 23

DO. See dissolved oxygen electrodes
docosahexaenoic acid 141
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Dougma, R. D. 287
DPD. See 4,5‐dihydroxy‐2,3‐pentanedione
D‐sorbose 157
D‐tagatose 156–157
dulcitol 157
D‐xylose‐5‐phosphate 46–47

e
E. coli. See Escherichia coli
Eggshells (EGS) 35, 37
Ehrlich pathway 186, 187
EI. See Enzyme I
EII. See Enzyme II
electron transfer measuring systems  

255–256
Embden‐Meyerhof‐Parnas pathway 

(EMP) 47, 138–139, 280
EMS. See ethyl methyl sulphonate
endergonic reactions 12
Enterobacter spp. 31, 35, 99
Enterobacteriaceae spp. 17, 180
Enterococcus faecalis 177
Entner‐Doudoroff cycle 138–139
environmental factors

enzymes 148–150
fungi 244
methane 103
microbial metabolism 11
microbial sensing 6, 7
pH 185
yeast 187

Enzyme I (EI) 46
Enzyme II (EII) 46, 51, 53
enzymes 3

antioxidants 23
biocatalysts 305
biomass 6
carbon 148–149
case studies 281–286
environmental factors 148–150
ethanol 94–95
fungi microbial products 229–230
future 305–306
glucose 13, 212
metabolic pathways 61
peroxisomes 148
pH 149–150

scale‐up 285
substrate inhibition 280

EPS. See exopolysaccharide
ergosterols 23
erythroascorbic acid 23
erythromycin 287
erythropoietin 2
Escherichia coli (E. coli)

agitation 270
alcohols 267
aminovalaric acid 71–73
biocatalysts 61–62
biofuels 151
butanol 68–69, 98
cadaverine 75–76
carbon, non‐refined sources 54–55
CCR 45, 54–55
EII 46
ethanol 95
extracellular signals 50
fumaric acid 64
generation time 17
glucaric acid 67
3‐HP 62–63
insulin 267
itaconic acid 65
lactic acid 103
malic acid 70
metabolic engineering 212
morphine 155
pyruvate 180
regulatory systems 51
substrate 33

inhibition 279
succinic acid 156
terpenoids 154
tolerance 274

esterification 3
esters 3
ethanol (bioethanol) 28

acetic acid 182
alcohols 15
aliphatic compounds 107
carbon pre‐treatment 94–96
case studies 281–283
future 300
Gluconobacteroxydans spp. 258
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S. cerevisiae 108–109, 188
stress 22
substrate 33

inhibition 279, 280
yeast growth 19

ethidium bromide 243
ethyl acetate 117–118
ethyl methyl sulphonate (EMS) 243
eukaryotes. See also fungi

anti‐quorum sensing 171
cell signalling 20
QS 183–185, 189

exergonic reactions 12
exopolysaccharide (EPS) 148, 202
exponential growth phase, bacterial 

binary fission 17
extraction solvents 117–118

f
F6P. See fructose 6‐phosphate
FA. See free ammonia
farnesol 169, 171, 185, 189
fatty acids 141, 150, 233

pH 33
FBA. See flux balance analysis
FBR. See focused beam reflectance
fed‐batch 203, 279
fermentation kinetics 235, 243, 244
fermentation regulatory elements 

(FRE) 68
ferulic acid 107–108
Fink, G. R. 183
Fischer, R. 231
flagella 239–240
flavin mononucleotide (FMN) 263
flavohaemoglobin 23
flavonoids 153–155
Fleming, Alexander 2, 286
FLO11 185
flock 239
flux balance analysis (FBA) 203–205
FMN. See flavin mononucleotide
focused beam reflectance (FBR) 272
formic acid 106, 118, 258, 272
Franklin, Rosalind 2
FRE. See fermentation regulatory 

elements

free ammonia (FA) 103
Frost & Sullivan 5
FruA. See membrane spanning protein
fructose 6‐phosphate (F6P) 46
fucose 50
fumaric acid 64–65, 70
fungi 14. See also yeast; specific species

amino acids 18, 223, 224
branching 15
chain elongation 15
decomposers 18
environmental factors 244
fumaric acid 64
genetic engineering 244
hydrolysis 90
microbial products

carbon 234
diffusion techniques 226–229
enzymes 229–230
metal ions 235
moisture content 237
morphology and product spectrum  

237–242
nitrogen 234–235
phosphorus 235
qualitative control 225–232
quantitative control 232–237
SSF 236–238

mutagenesis 243
natural recombination 243
nutrients 18, 223–224, 244
oxygen 244–245
protein 18, 224
QS 183–189
strain improvement 243
stress 169–189
succinic acid 156

Fuqua, C. 169
furan aldehydes 108–109
furanone 171
Fusarium globulosum 244

g
GA. See Genetic Algorithm
Gal2‐N376F 56
galactitol 157
galacturonic acid 90
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GAP. See glygeraldehyde‐3‐phosphate
gas stripping 98
gene clusters 213
Genecor 286
Generally Regarded as Safe 

(GRAS) 245
generation times 17
Genetic Algorithm (GA) 203
genetic engineering

biocatalysts 53
fungi 244
glutamic acid 74
input parameters 36

genetically modified microorganisms 
(GMM) 5

glucaric acid 67
3‐HP 62–63
itaconic acid 66

Geobacillus stearothermophilus  
156–157

GFP. See green fluorescent protein
global stress response (GSR) 24
GlpF. See glycerol facilitator
glucaric acid 67–68
Gluconacetobacter spp. 182
gluconic acid 71, 72, 226
Gluconobacter oxydans 157, 258
glucose 28

acetoin 180
bacteria 45–46
Candida spp. 280
carbon 45, 50, 149
Crp 55
enzymes 13, 212
ethanol 94–95
glucaric acid 67
glutamic acid 73
glycolysis 91–93
hydrogen 99
lignocellulose biomass 90
microbial performance 212
pentose utilization pathways 53
PTS 54–55
pyruvate 92
S. cerevisiae 53
substrate 33, 35

inhibition 280

XylR 55, 56
yeast 21

glutamic acid 73–74
glutathione 23
glycerol 2

bacteria 47
biodiesel 44–45
biofuels 28
crude substrate 29–31
D‐tagatose 157
ethanol 95
3‐HP 63–64
metabolic pathways 28
methane 101
NaCl 37
substrate 33, 35

hydrogen 36
yeast 47

glycerol facilitator (GlpF) 47
glycogen 18, 240
glycolysis

glucose 91–93
itaconic acid 66
NADH 12–13
pyruvate 180
yeast 21

glygeraldehyde‐3‐phosphate (GAP) 92
glyoxylate cycle 138–139
GMM. See genetically modified 

microorganisms
Golgi bodies 240
Goodall 231
government policies 307–309
gram‐negative bacteria 172–173, 176, 

182, 189
gram‐positive bacteria 176
GRAS. See Generally Regarded as Safe
green fluorescent protein (GFP)  

263–264
groESL 36
GSR. See global stress response

h
H2 30–31, 36, 37

substrate 35
HA. See hydroxylamine
Haber, Fritz 1
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Hansenula spp. 142–143
HAP2/3/5 complex 148
HdtS. See AHL synthase
heat shock response (HSR) 23
heat shock transcription factor (HSF)  

23–24
hexokinase (HK) 280
hexose 92–93, 96
Higgins, V. J. 23
high nitrogen requirement strains 

(HNR) 22–23
high‐performance liquid chromatography 

(HPLC) 226, 232
Hikuma, M. 258
histidine protein kinase (HPK) 176–177
HK. See hexokinase
HMF. See 5‐(hydroxymethyl) furfural
HNR. See high nitrogen requirement 

strains
Hodge, D. B. 117
Hogan, D. A. 183
Holtzclaw, W. D. 180
homoserine lactone (HSL) 172
hormones 169–170
host cells

QSM 171
viruses 15

3‐HP. See 3‐hydroxy‐propionic acid
HPK. See histidine protein kinase
HPLC. See high‐performance liquid 

chromatography
HPr. See phosphohistidine carrier protein
HRT. See hydraulic retention time
HSF. See heat shock transcription factor
HSL. See homoserine lactone
HSR. See heat shock response
human growth hormone 2
Humicola spp. 149–150, 284
Husemann, M. H. 178
HXT1 56
HXT7 56
hydraulic retention time (HRT)  

99–100, 103
hydrogen 28

aliphatic compounds 107
biological water‐gas shift reaction  

100–101

carbon pre‐treatment 98–101
cell structure 138–139
CSL 35
fungi microbial products 244
glycerol substrate 36
metabolic pathways 37

hydrogen peroxide 23
hydrogenase 36
hydrogenolysis 3
hydrolysis

aliphatic compounds 107
biofuel 151
fungi 90
hydrogen 99
methane 101–102

hydroxide radical 23
hydroxylamine (HA) 243
5‐(hydroxymethyl) furfural (HMF) 51, 

108–109, 117–118
3‐hydroxy‐propionic acid (3‐HP)  

62–64, 105
hyphae 239

i
immersion bioautography 231
immobilization support 37, 254
incubation period

bacterial binary fission 16
fungi microbial products 236

incubation temperature, fungi microbial 
products 236

inoculum size, fungi microbial 
products 236

inosine 287
input parameters, metabolism 35–36
insulin 267
interferons 2
ion exchange 117
ion‐sensitive field‐effect transistors 

(ISFETs) 257
IPP. See isopentenyl pyrophosphate
iron, biofuels 153
ISFETs. See ion‐sensitive field‐effect 

transistors
isopentenyl pyrophosphate (IPP)  

261–262
itaconic acid 65–66, 239
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j
Ji‐Sook 213

k
Karanam, S. K. 205–206
Karube, I. 253, 254
Kashket, E. R. 178
kefir grain 148
Kessler, D. 208
α‐ketoglutarate (αKG) 53
ketones 260
Keweloh, H. 108
αKG. See α‐ketoglutarate
Kim 213
Kim, S.‐K. 255
Klebsiella spp.

biofuels 151
butanediol 181
D‐tagatose 157
QS 181–182

Koirala, N. 212
Korman, T. P. 212
Krebs cycle. See tricarboxylic acid
Kwint, K. 270

l
LAB. See lactic acid bacteria
laccases 150, 285
lactic acid 3, 4

carbon pre‐treatment 103–104
3‐HP 62
lactose 15
Streptococci spp. 16

lactic acid bacteria (LAB) 103, 
183, 261

Lactobacillus spp. 148, 153, 183, 202
lactose 46

E. coli 50
lactic acid 15

lag phase
bacterial binary fission 16
yeast growth 19

LanzaTech 289
Larsson, S. 107–108
Lautner, H. 231
LCA. See life cycle analysis
Lee, I. Y. 202

Levi 231
levulinic acid 106
Liao, C. 151
Liao, Y. 206
life cycle analysis (LCA) 281
ligands 19–20
lignin 44, 90
lignocellulosic biomass. See also carbon 

pre‐treatment
abundance 44
biofuel 151, 153
carbohydrates 5
Pleurotus spp. 224
substrate 53
sugar 45

lipase 206, 244, 306
titration 233

lipids 140–148
bacterial binary fission 17
cell structure 138–139
ROS 23
SCP 142

LipolaseTM 284
LipomaxTM 284
L‐lactate dehydrogenase 157
L‐lysine 71–73, 76
L‐mannitol 157
LNR. See low nitrogen requirement 

strains
log phase, bacterial binary fission 17
low nitrogen requirement strains 

(LNR) 22
luciferase 258
LumafastTM 284
LuxI 176, 181, 182
LuxM 176, 181
LuxP 177
LuxQ 177
LuxR 173, 181, 182
LuxS 177
lysine 71–73, 76, 224
LysR 180

m
Magdouli, S. 272, 289
magnesium 153
malic acid 69–71
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malt 13
Malt extract Agar (MEA) 244
maltose 50
MannawayTM 284
Mannheimia succiniciproducens 156
mannitol 157, 234
mannose 90
MAPK. See mitogen‐activated protein 

kinase
Martinez 182
Matlab toolbox 204
MCRB. See membrane cell recycling 

bioreactors
MEA. See Malt extract Agar
Medicherela, N. R. 205–206
meiosis, yeast 18
Mello‐de‐Sousa, T. M. 149–150
membrane cell recycling bioreactors 

(MCRB) 97
membrane spanning protein (FruA) 46
MES. See Methyl Ester Sulfonates
metabolic pathways 12

enzymes 61
glycerol 28
hydrogen 37
metabolites 201
microbial performance 213
organic acids 155
substrate 31
VAP 137–158

metabolism 11. See also anaerobic 
metabolism

bacteria 12
biofuels 151–153
carbon 27–39

CCR 51–54
co‐substrate 33–35
input parameters 35–36
microbial performance 203–205
mixed cultures 31–32
primary/secondary 17
pure cultures 31–32
QS 177
regulatory circuits and 48–51
substrate 29–31

pros and cons 38–39
varying conditions 37–38

metabolites 45
measuring systems 256–257
metabolic pathways 201
organic acids 38
QS 172
substrate 29

metal ions, fungi microbial 
products 235

metal responsive elements (MRE) 150
methane/biogas 28

carbon pre‐treatment 101–103
future 301–302
SCP 142

Methanosaeta spp. 102–103
Methyl Ester Sulfonates (MES) 303
methyl methane sulphonate 

(MMS) 243
methylglucoronic acid 90
Metzner, A. B. 273
mevalonate 261
mevalonate pathway (MVA) 154
MIC. See minimum inhibitory 

concentration
microbial performance

gene clusters 213
glucose 212
metabolic engineering 212, 

213–214
metabolic pathways 213
metabolism 203–205
nutrients 201–202
process condition optimization  

202–203
regulatory circuits 212–213
strain improvement 205–206
sulfur 208, 212

microbial products
fungi

carbon 234
diffusion techniques 226–229
enzymes 229–230
metal ions 235
moisture content 237
morphology and product spectrum  

237–242
nitrogen 234–235
phosphorus 235
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qualitative control 225–232
quantitative control 232–237
SSF 236–238

history of industrial production  
2–7

qualitative vs. quantitative control  
223–247

sensors 258–263
tolerance 274

microbial volatile organic compounds 
(MVOCs) 261–262

MIG1 187
minimum inhibitory concentration 

(MIC) 226, 232
MIOX. See myoinositol oxygenase
mitochondria 65, 91
mitochondrial tricarboxylic transporters 

(MTT) 66
mitogen‐activated protein kinase 

(MAPK) 185, 186
mixed cultures 31–32
MMME. See Multivariate Modular 

Metabolic Engineering
MMS. See methyl methane sulphonate
moisture content, fungi microbial 

products 237
molybdenum 153
mono culture 31
Monod, J. 50
monosaccharides 108, 156
morphine 155
Moulin, G. 280
MRE. See metal responsive elements
Msn2/4 21
MTT. See mitochondrial tricarboxylic 

transporters
Multivariate Modular Metabolic 

Engineering (MMME) 154
mutagenesis 205–206, 243
MVA. See mevalonate pathway
MVOCs. See microbial volatile organic 

compounds
Mycobacterium tuberculosis 17
mycophenolic acid 233
myoinositol oxygenase (MIOX) 67
Myxococcus xanthus 169, 213

n
NaCl 37
N‐acylhomoserine lactone (AHL) 19

furanone 171
gram‐negative bacteria 189
QS 172–176, 181, 188
QSM 170–171

NAD+ 12–13, 157
NADH. See nicotinamide adenine 

dinucleotide
NADPH 140, 205, 212
Nair, N. U. 55
NaOH 233
NAPH 141, 258
natural recombination, fungi 243
near infrared (NIR) 268
Neolithic period 1
Neubauer, P. 273
nickel, biofuels 153
nicotinamide adenine dinucleotide 

(NADH)
biofuels 151
butanediol 179
ethanol 96
FBA 205
fungi microbial products 244
furan aldehydes 109
glycolysis 12–13
substrates 35
succinic acid 156
TCA 92

Nienow, A. W. 271
NIR. See near infrared
nitrogen 13

cell structure 138
fungi microbial products 234–235
H2 37
organic acids 155–156
plants 1
QS 172
stress 22–23

4‐nitroquinolone‐1‐oxide 243
nitrosoguanidine (NTG) 243
Northern blot analysis 150
Novozymes 283–286
NTG. See nitrosoguanidine
nucleotides 17

microbial products (cont’d)
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nutrients
bacterial binary fission 16–17
CCR 50–51
cell signalling 20
cell structure 138
crude substrate 29
fungi 18, 223–224, 244
microbial performance 201–202
transcription factor 50

o
OECD. See Organization for 

Economic Cooperation and 
Development

OFAT. See one‐factor‐at‐a‐time
oligopeptide 185, 188
one‐factor‐at‐a‐time (OFAT) 234
Oosterhuis, N. M. G. 279
organic acids 3, 38, 155–156, 179. 

See also specific types
Organization for Economic 

Cooperation and Development 
(OECD) 283

Otto, R. E. 273
oxalic acid 233
oxygen

cell structure 138–139
fungi 244–245
malic acid 70
photosynthesis 12
scale‐up 270–271
stress 22, 23
wine 19

oxygen paradox 23

p
PA. See propionic acid
Pachapur, V. L. 153
Papoutsakis, E.T. 178
Pasteur, Louis 2
PAT. See process analytical technology
patulin 189
PD. See photodiode
1,3‐PD. See 1,3‐proopanediol
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