
Index

actin cytoskeleton
role in hyphal extension 95
role in polarized growth 103, 108–10

aflatoxin B1 25–7
biosynthesis 30–1, 32

agriculture see crop protection
Agriotes spp. (wireworms, click beetle

larvae), life cycle and economic
relevance 261–2

alkaloids, produced by filamentous fungi 25
Allomyces macrogynus, microtubule

initiation 98, 99–100, 101
antibiotics (fungal) 45–6

appressorium formation inhibitors
52, 53–6

autoinhibitors 52–3
classification by target stage 52
conidial germination inhibitors 52–3
echinocandins 51–2
fungal infection-related process
inhibitors 52–6

lead compounds for fungicides 50–2
melanin biosynthesis inhibitors 55
pneumocandins 51–2
sordarins 50–1

appressorium formation 25–7
fungal antibiotic inhibitors 52, 53–6

Armillaria mellea, bioluminescence-based
biosensor 195–6

Arthrobotrys oligospora, nematode-trapping
fungus 316–18

Ashbya gossypii, polarized growth 96
aspergillosis 144–5
Aspergillus spp.

commercial use for enzyme production
145–7

ER stress responses 147–53
gene arrays 143–4

genome sequences 140–1
genome sizes and predicted gene
numbers 141

polyketoid production 25–7
predicted genes and encoded
products 142–3

protein secretion 140–1
protein secretion stress 147–53
proteins secreted 144–7
selective antibiotics produced 51–2
UPR in heterologous protein
production 146–53

Aspergillus spp. secondary metabolism
biosynthetic gene pathways and
products 84–7

clavines 86–7
fumitremorgins 85–6, 89
functional analysis of gene clusters 87–8
gliotoxin 85
pharmacological activity 89
secondarymetabolic genes and clusters 83–4
tryprostatins 89

Aspergillus flavus, genomics 66 see also
Aspergillus spp.

Aspergillus fumigatus 78–9, 82
aspergillosis 144–5
fumitremorgins 85–6, 89
genomics 141–4
gliotoxin 85
tryprostatins 89
see also Aspergillus spp.

Aspergillus nidulans
genome 12–13
genomics 141–4
hyphal extension 95
microtubule initiation 98–102
microtubule plus-end
dynamics 102–4
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polarized growth 96
see also Aspergillus spp.

Aspergillus nidulans secondary metabolism
dimethylallyltryptophan synthase
(DMATS) 80, 82–3

indole alkaloid biosynthetic pathways
80, 82–3

information from genome sequencing
78–9

major groups of metabolites 79–83
non-ribosomal peptide synthetases
(NRPS) 80–2

PKS-NRPS hybrid genes 82
polyketide synthases (PKS) 80, 81, 82
terpene cyclases 80, 83
see also Aspergillus spp. secondary
metabolism

Aspergillus niger
genome project 5
genomics 141–4
see also Aspergillus spp.

Aspergillus oryzae
functional analysis of secondary
metabolic clusters 87–8

genomics 141–4
see also Aspergillus spp.

Aspergillus terreus 83
lovastatin production 25–7

Athous spp. (wireworms), life cycle and
economic relevance 261–2

auxostat technology see chemostat
technology

avermectin 45–6
azoxystrobin 49

Beauveria spp.
biological control formulations 265–8
early research as biological control 263–4
fungal biocontrol agents 258–9
taxonomy 264–5

Beauveria bassania
changing hosts 326, 327
leaf and stem endophytic behaviour 323–4
tenellin production 41–2, 43

Beauveria brongniartii, control of
M. melolontha (European cockchafer)
268, 269

benzene, degradation metabolic pathways
215–16

bindweeds
perennial weeds of crops 275–6
potential biocontrols 276
problems with chemical control
methods 276

bioaccumulation of metals in fungi 246, 247
bioaugmentation, role of white-rot

fungi 206–7

biocontrol agents (fungal) 263–5
Beauveria spp. 263–5
early research on subterranean pests 263–4
formulations and application methods

265–8
Metarhizium spp. 263–4, 265
risk assessment (Stagonospora convolvuli

LA39 model) 282–7
soil pest control 258–9
taxonomy 264–5

biofungicides see fungicides;
Trichoderma-based biofungicides

bioluminescence 190–1
in yeasts and filamentous fungi

189–90, 195–6
bioluminescence-based biosensors
bacteria 191–2
comparative performance 196–8
contaminated soils applications

198–9, 200
environmental applications 198–9, 200
filamentous fungi 195–6
use in bioremediation 187–8
yeast (S. cerevisiae) 192–5

bioprocess development, chemostat
technology with filamentous fungi 7–8

biorefinery
Aspergillus niger genome project 5
contribution of fungal genomics 4–5
petroleum dependence reduction 3–4
process development with chemostat

technology 7–8
role of fungal proteomics 6–7
role of fungi 3–4
systems biology approach 8–9
top 12 chemical building blocks 3–4
Trichoderma reesei genome project 5–6

bioremediation
bioaugmentation approach 206
bioluminescence-based biosensor

applications 187–8, 198–9, 200
biostimulation approach 206
field trials of white-rot fungi 223–4
importance of mycorrhizal fungi 238
in situ bioremediation 205–7
ligninolytic enzyme-redox mediator

systems 207–13
mycoremediation approach 248–50
toxic metal contamination 237–8
xenobiotic contamination 205–7
see also xenobiotic metabolism;

xenobiotics; white-rot fungi
biosensors
bioluminescence 189–90
microbial 188–90
roles in toxicity testing 188–90
yeasts and filamentous fungi 188–90
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biosorption of metals to fungal cell walls 246
black vine weevil see Otiorhynchus sulcatus
Blumeria graminis 53–4
Botrytis cinerea, fungicides used to control

45–6
brownfield sites see bioremediation
BTEX compounds, degradation metabolic

pathways 215–16

Calystegia sepium (hedge bindweed)
perennial weed of crops 275–6
potential biocontrols 276
problems with chemical control
methods 276

Candida albicans
action of sordarins 50–1
polarized growth 96

cellulase production, Trichoderma reesei
genome project 5–6

cerulenin 55
chemostat technology, filamentous fungi

process development 7–8
chlorophenols, degradation metabolic

pathways 213–14, 215
Cladosporium sp. 53
Claviceps purpurea 82–3

cause of ergotism from contaminated
rye 61–2

ergotamine biosynthesis 86–7
clavines, in Aspergillus spp. 86–7
Coccidioides immitis, action of

sordarins 50–1
Cochliobolus heterostrophus 62–3

T-toxin production 25–7
Coleophoma empetri, selective antibiotics

produced 51–2
Colletotrichum spp., conidial germination

inhibitors 52–3
Colletotrichum lagenarium

appressorium formation 25–7
polyketoid production 25–7

Colletotrichum lindemuthianum, mode of
action of fungicides 52

conidial germination inhibitors 52–3
contaminated land see bioremediation
continuous culture technology see

chemostat technology
Convolvulus arvensis (field bindweed)

perennial weed of crops 275–6
potential biocontrols 276
problems with chemical control
methods 276

Coprinus heptemerus 53
Corymbites spp. (wireworms), life cycle and

economic relevance 261–2
crop protection

development of new fungicides 45

resistant fungal pathogens 45
use of natural products 45–6
see also fungicides; phytopathogenic
fungi; Trichoderma-based biofungicides

Cryptococcus neoformans, action of
sordarins 50–1

cyclosporin 62–3

Daktulosphaira vitifoliae (grape phylloxera)
control by Metarhizium anisopliae 269
life-cycle and economic relevance 262

Diabrotica virgifera virgifera (western corn
root worm)

control by Metarhizium anisopliae 269–70
life-cycle and economic relevance 263

dimethylallyltryptophan synthase
(DMATS), in Aspergillus nidulans
80, 82–3

Drechmeria coniospora, changing hosts 327
dyes, degradation metabolic pathways 217
dynein, role in hyphal extension 95

echinocandins 51–2
endophytes see Epichloë endophytes
endoplasmic reticulum (ER)

protein folding 117–21
protein folding demand stress
responses 122

RESS (repression under secretion stress)
response 148–53

UPR (unfolded protein response) 122
UPR in Aspergillus spp. 147–53

entomopathogenic fungi 310, 311, 312–13
canonical host barriers 314–15
comparisons with nematophagous
fungi 324–6

evolution 328–9
examples of changing hosts 326–8
host physical barriers to overcome 313–16
insect host barriers 314–15
insect infection process 319–21
leaf and stem endophytes 323–4
multimodal behaviour and
evolution 328–9

multimodal behaviour and host
range 316, 317

multimodal behaviour and use as
biocontrol 316, 317, 329–30

mycoparasitic behaviour 321
non-canonical host barriers 314, 315–16

environmental toxicity see bioremediation
Epichloë endophytes

anti-herbivore effects 60–2
benefits for the host grass 60
benefits from mutualism 60
biological effects 60–2
engineering for desirable bioactivities 72
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ergot alkaloid synthesis 61–2
exploitation of indole-diterpene
biosynthesis pathways 66, 70–2

indole-diterpene biosynthesis 61, 62
indole-diterpene biosynthesis model 65–7
indole-diterpene chemical diversity 61, 65
indole-diterpene gene clusters 66, 67–70
loline alkaloid synthesis 61
peramine synthesis 60–1
selection for desirable chemotypes 72
source of non-ribosomal peptides 63
taxonomy 59–60

Epichloë festucae
molecular cloning of a peramine
synthetase 61, 63–5

symbiotic fungal endophyte of grasses
59–60

synteny with Fusarium graminearum 63, 64
Epichloë typhina 59–60
ER see endoplasmic reticulum
ergot alkaloids, synthesis by Epichloë

endophytes 61–2
ergotamine 61–2
ergovaline 61–2
ethylbenzene, degradation metabolic

pathways 215–16
European cockchafer see Melolontha

melolontha
explosive waste, degradation metabolic

pathways 216

fatty acids, appressorium formation
inhibitors 54–5

fenpiclonil 45–6
‘fescue toxicosis’ in cattle 61–2
Festuca spp., symbiotic Epichloë endophytes

59–60
filamentous actin (F-actin), role in hyphal

extension 95
flaviolin 53
fludioxonil 45–6
fumitremorgins, in Aspergillus spp. 85–6, 89
fumonisin 25–7
fungal antibiotics see antibiotics (fungal)
fungal biocontrol agents see biocontrol

agents (fungal)
fungicides

development of new agrochemicals 45
emergence of resistant strains 45, 50
fungal metabolites as lead compounds
46–9, 50–2

lead finding process 56
natural antibiotics 45–6
scale of production 45
see alsoTrichoderma-based biofungicides

fusarin synthase 38–41
Fusarium graminearum

genome 12–13
synteny with Epichloë festucae 63, 64

Fusarium moniliforme 82
fusarin C production 38–41

Fusarium sporotrichiodes 83
Fusarium venenatum, fusarin C production

38–41

garden chafer see Phyllopertha horticola
gene clusters in fungal polyketoid

biosynthesis 31–3
investigation methodology 33–6

genomics (fungal) 4–6
Aspergillus niger genome project 5
Aspergillus spp. genome sequences 140–1
Aspergillus spp. genome sizes and

predicted gene numbers 141
Aspergillus spp. secondary metabolism

78–9
contributions to industrial mycology 4–5
fungal genome sequencing

projects 78–9
identification of fungal secondary

metabolites 78–9
substrate range indications 4–5
Trichoderma reesei genome project 5–6

Gibberella fujikuroi, fumonisin
production 25–7

Gliocladium roseum 54–5
gliotoxin, in Aspergillus spp. 85
glisoprenins 54–5
grape phylloxera see Daktulosphaira

vitifoliae
grasses (Pooidae), symbiotic fungal

associations 59

hepteromone G 53
heterologous protein production,Aspergillus

spp. 146–53
Histoplasma capsulatum, action of

sordarins 50–1
hyphal extension see polarized growth
Hypocrea jecorina 5–6

indole alkaloid biosynthetic pathways,
Aspergillus nidulans 80, 82–3

indole-diterpene biosynthesis
exploitation of pathways 66, 70–2
Penicillium paxilli model 65–7

indole-diterpene gene clusters, in Epichloë
endophytes 66, 67–70

indole-diterpenes
chemical diversity in Epichloë

endophytes 61, 65
mammalian tremorgens 62
synthesis by Epichloë endophytes 61, 62

induced systemic resistance (ISR) 298–304
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industrial mycology, contributions of fungal
genomics 4–5

insect fungal parasites see
entomopathogenic fungi

integrated pest management (IPM), for
subterranean pests 258–9

invertebrate fungal parasites see
entomopathogenic fungi;
nematophagous fungi

kinesins, role in hyphal extension 95
kresoxim methyl 49

laccase 207–9, 210–11, 213
Lecanicillium lecanii, changing hosts 326
lignin, breakdown by white-rot fungi 207–9
lignin peroxidase 207–10, 211–13
ligninolytic enzyme-redox mediator systems,

in white-rot fungi 207–13
Listronotus bonariensis (Argentine stem

weevil) 63–4
loline alkaloids, synthesis by Epichloë

endophytes 61
lolitrem B, in N. lolii–perennial ryegrass

associations 61, 65
lolitrems 61, 62
Lolium perenne, symbiotic Epichloë

endophytes 59–60
lovastatin, biological properties 25–7
lovastatin biosynthesis 29, 30

genes encoding PKS and post-PKS
enzymes 31–3

Magnaporthe grisea (rice blast disease
pathogen)

ace1 gene cluster 43
annual crop loss caused 10–11
appressorium formation 10–11, 16–18,
25–7

appressorium formation inhibitors 54–5
conidial germination inhibitors 53
evolution of pathogenicity 11–13
expansion of secreted proteins 13
functional analysis 14–18
functions of secreted proteins 15–16
G-protein-coupled receptors (GPCRs)
13–14

gene conservation 12
genome evolution 11–13
genome sequence 11
genome-wide transcriptional profiling
16–18

infection process 10–11
large-scale mutagenesis 15, 16
mode of action of fungicides 52
natural antibiotics used to control 45–6
novel signalling machinery 13–14

PAMPs (pathogen-associated molecular
patterns) 13

polyketoid production 25–7
rapid development of pathogenic
variants 10–12

rapid expansion of repetitive elements
11–12

synteny with other filamentous
ascomycetes 12–13

manganese-peroxidase 207–9, 210, 211–13
May beetle see Melolontha melolontha
melanin biosynthesis inhibitors 55
Melolontha melolontha (European

cockchafer, May beetle)
control by Beauveria brongniartii 268, 269
life-cycle and economic relevance 259

metal and mineral transformations 238–40
immobilization by fungi 239–40, 246–7,
248, 249

in the mycorrhizosphere 247–8
interactions with mycorrhizal
fungi 239–45

solubilization by fungi 239–45
metal-induced membrane damage 167–72

membrane-lipid peroxidation in Cd
toxicity 168–72

metal-induced protein damage 172–5
haploinsufficiency phenotypes 174–5
identification of protein targets of Cr
toxicity 173, 174–5

protein (methionine) oxidation in Cr
toxicity 172–5

metal-induced ROS generation 163–5
oxidative damage to cell membranes
164–5

oxidative damage to DNA 165
oxidative damage to lipids 164
oxidative damage to proteins 164–5

metal pollution
remediation 236
sources 236

metal toxicity
conditions when heterogeneity is
advantageous 178–9

evidence for ROS involvement 165–6
heterogeneous Cu resistance in
S. cerevisiae 176–8

phenotypic heterogeneity in metal
sensitivity 175–9

responses to environmental
conditions 178–9

role of oxidative stress in
S. cerevisiae 166–7

S. cerevisiae model 162–3
suppression of heterogeneity in a stable
habitat 178

metals in the environment 161–2
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bioaccumulation in fungi 246, 247
biosorption to fungal cell walls 246
interactions with fungi 236
interactions with microorganisms 162

Metarhizium spp.
biological control formulations 265–8
early research as biological control 263–4
taxonomy 264, 265

Metarhizium anisopliae
Dactulosphaira vitifoliae (grape
phylloxera) control 269

Diabrotica virgifera virgifera (western corn
root worm) control 269–70

fungal biocontrol agent 258–9
Otiorhynchus sulcatus (black vine weevil)
control 269

Phyllopertha horticola (garden chafer)
control 268

6-methyl salicylic acid 25–7
6-methyl salicylic acid synthase 29, 30
microtubule-associated proteins 104, 105
microtubule cytoskeleton, morphology,

organization and dynamics 97–8
microtubule-dependent motor proteins

105–8
dynein 105, 107–8
kinesins 105–7
role in hyphal extension 95

microtubule filament lattice 104, 105
microtubule organizing centre (MTOC)

95, 98–102
microtubules

initiation 98–102
plus end dynamics 102–4
role in hyphal extension 95
role in polarized growth 103, 108–10
role of spindle pole bodies 98, 99–100, 101

motor proteins see microtubule-dependent
motor proteins

mucidin 46
Mycena citricolor, bioluminescence-based

biosensor 195–6
mycoherbicide risk assessment

(Stagonospora convolvuli LA39 model)
282–7

mycorrhizal fungi
importance in bioremediation 238
solubilization of metal minerals 239–45

myosins, role in hyphal extension 95

nematode fungal parasites see
nematophagous fungi

nematophagous fungi 310, 311–12
canonical host barriers 314–15
comparisons with entomopathogenic
fungi 324–6

evolution 328–9

examples of changing hosts 326–8
host physical barriers to overcome 313–16
multimodal behaviour and evolution

328–9
multimodal behaviour and host range

316, 317
multimodal behaviour and use as

biocontrol 316, 317, 329–30
mycoparasitic behaviour 314, 321
nematode egg-destroying fungi 318–19
nematode host barriers 314–15
nematode infection process 316–19
nematode-trapping fungi 316–18
non-canonical host barriers 314, 315–16
root endophytes 322–3

Neobulgaria pura 54–5
neobulgarones 54–5
Neotyphodium spp., evolution and

taxonomy 60 see also Epichloë
endophytes

Neotyphodium lolii
molecular cloning of a peramine

synthetase 61, 63–5
symbiotic fungal endophyte of grasses

59, 60
Neotyphodium lolii–perennial ryegrass

associations, production of lolitrem B
61, 65

Neurospora crassa
genome 12–13
microtubule dynamics 100–2
polarized growth 96

non-ribosomal peptide synthetases (NRPS)
in Aspergillus nidulans 80–2
in filamentous fungi 62–3

non-ribosomal peptides, biologically active
therapeutic agents 62–3

norsolorinic acid 25–7

olive mill waste-water, degradation
metabolic pathways 216

Omphalotus olearius, bioluminescence 195
organophosphate pesticides, degradation

metabolic pathways 215
orsellinic acid 25–7
orsellinic acid synthase 28–9
Otiorhynchus sulcatus (black vine weevil)
control by Metarhizium anisopliae 269
life-cycle and economic relevance

260–1
Oudemansiella mucida 46
oudemansin 46, 49

Paecilomyces spp., changing hosts 326
PAHs (polyaromatic hydrocarbons)
degradation metabolic pathways

217–20, 221
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PAHs (polyaromatic hydrocarbons) (cont.)
oxidation by fungal enzyme-redox
mediator systems 208

Panellus stipticus, bioluminescence 195
paxilline biosynthesis 65–7
penicillin 62–3
Penicillium spp.

polyketoid production of 25–7
strobilurin-resistant species 46–9

Penicillium chrysogenum, source of
penicillin 62–3

Penicillium paxilli, model of indole-diterpene
biosynthesis 65–7

Penicillium roquefortii 83
pentachlorophenol (PCP), degradation

metabolic pathways 213–14, 215
peramine 63

synthesis by Epichloë endophytes 60–1
peramine synthetase, molecular cloning

61, 63–5
petroleum dependence reduction see

biorefinery
Phanerochaete chrysosporium 206–7

expression of LiP and MnP 211–13
genome sequence 206–7
see also white-rot fungi

Phanerochaete sordida 208–9 see also
white-rot fungi

phenotypic heterogeneity
causes and benefits 175–6
in metal sensitivity 175–9

Phoma spp., squalestatin production
25–7, 36–8

Phyllopertha horticola (garden chafer)
control by Metarhizium anisopliae 268
life-cycle and economic relevance 260

phytopathogenic fungi
economic losses and health risks 291–2
fungal biopesticides 292–3
problems with chemical controls 291–2

PKS (polyketoid synthases), in Aspergillus
nidulans 80, 81, 82

PKS (polyketoid synthases) gene cloning
fusarin synthase 38–41
in fungal polyketoid biosynthesis 33–6
squalestatin synthase 36–8
tenellin synthase 41–2, 43
see also polyketoid biosynthesis

PKS-NRPS hybrid genes, in Aspergillus
nidulans 82

plant protection see crop protection;
phytopathogenic fungi

pneumocandins 51–2
Pochonia spp., nematode egg-destroying

fungi 318–19, 325–6
Pochonia chlamydosporia, changing

hosts 326

polarized growth (hyphal extension) 95
actin cytoskeleton 95
cell end markers 95
continuous tip elongation 96
dynein 95, 105, 107–8
kinesins 95, 105–7
microtubules 95, 103, 108–10
motor proteins 95, 105–8
myosins 95
polarisome 95
vesicle supply centre (Spitzenkörper)
95, 96

see also microtubules
polychlorinated dibenzo-p-dioxins,

degradation metabolic pathways
214–15

polychlorinated dibenzofurans, degradation
metabolic pathways 214–15

polyketoid biosynthesis (bacterial) 30, 31
polyketoid biosynthesis (fungal)

aflatoxin B1 30–1, 32
chemical reactions 27–31
fungal polyketide synthases (PKS)
27–8, 29

gene cluster investigation methodology
33–6

gene clusters 31–3
genes encoding PKS and post-PKS
enzymes 31–3

highly reduced polyketoids 29, 30
partially reduced polyketoids 29, 30
phases of the process 27, 28
PKS gene cloning 33–6
post-PKS enzymes and reactions 27, 28,
30–1, 32

programming of the PKS 28–30, 31
unreduced polyketoids 28–9
see also PKS (polyketoid synthases)

polyketoids
aflatoxin B1 25–7
fumonisin 25–7
lovastatin 25–7
6-methyl salicylic acid 25–7
norsolorinic acid 25–7
orsellinic acid 25–7
produced by filamentous fungi 25
range of structural complexity in
fungi 25–7

squalestatin S1 25–7
sterigmatocyctin mycotoxin 25–7
T-toxin 25–7
tetrahydroxynaphthalene 25–7

Pooidae grasses, symbiotic fungal
associations 59

protein folding in the endoplasmic reticulum
117–21 see also recombinant protein
production

342 Index

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-0-521-85935-6 - Exploitation of Fungi
Edited by G. D. Robson, P. van West and G. M. Gadd
Index
More information

http://www.cambridge.org/9780521859356
http://www.cambridge.org
http://www.cambridge.org


protein secretion stress in Aspergillus spp.
147–53

proteins secreted byAspergillus spp. 144–7
proteomics (fungal)

benefits from chemostat research 8
methodologies 6–7
role in biorefinery 6–7
use of fungal genome information 6–7

Pseudomonas putida 206
Pseudomonas pyrrocinia 45–6
Pyricularia oryzae see Magnaporthe grisea
pyromorphite (lead chlorophosphate),

solubilization by fungi 244–5
pyrrolnitrin 45–6

quinoxyfen 53–4

recombinant protein production
ER responses to folding demand stress 122
ER unfolded protein response (UPR) 122
process bottlenecks 117–18, 120
protein folding in the ER 117–21
see also UPR

RESS (repression under secretion stress)
response 148–53

Resupinatus leightonii 55
rice blast disease (Magnaporthe grisea

pathogen)
annual crop loss 10–11
infection process 10–11
rapid development of pathogenic variants
10–12

see also Magnaporthe grisea
risk assessment for fungal biocontrol

agents 282–7
questions to be addressed 282–3
risk of metabolite entry into the food
chain 285–6

risk of environmental contamination by
metabolites 285–6

stability of metabolites in the
environment 286–7

toxicity of metabolites 283–5
ROS (reactive oxygen species)

evidence for involvement in metal
toxicity 165–6

metal-induced generation 163–5
oxidative damage to cell
membranes 164–5

oxidative damage to DNA 165
oxidative damage to lipids 164
oxidative damage to proteins 164–5

‘ryegrass staggers’ in sheep 61, 62, 65

Saccharomyces cerevisiae
bioluminescence-based biosensor 192–5
microtubule initiation 99

microtubule plus-end dynamics 102–4
polarized growth stage 96

Saccharomyces cerevisiae metal toxicity
conditions when heterogeneity is

advantageous 178–9
heterogeneous Cu resistance 176–8
membrane-lipid peroxidation in Cd

toxicity 168–72
metal-induced membrane

damage 167–72
metal-induced protein damage 172–5
metal-induced ROS generation 163–5
model 162–3
phenotypic heterogeneity in metal

sensitivity 175–9
protein (methionine) oxidation in Cr

toxicity 172–5
responses to environmental conditions

178–9
role of oxidative stress 166–7
suppression of heterogeneity in a stable

habitat 178
Schizosaccharomyces pombe
microtubule initiation 98, 99–100, 101
microtubule plus-end dynamics 102–4
polarized growth 96

Scytalidium spp. 55
scytalol D 55
secondary metabolites, range found in

filamentous fungi 25 see also specific
fungi

Shewanella oneidensis 206
soil contamination see bioremediation
soil pests see subterranean pests
soja crop protection 49
Sordaria arenosa 50–1
sordarins 50–1
spinosad 45–6
squalestatin, biological properties S1 25–7
squalestatin synthase 36–8
Stagonospora convolvuli (LA39 strain)
assessment as bindweed mycoherbicide

276–8, 279
cercosporin toxin 278–81
efficacy in the field 278, 279
elsinochrome A toxin 278–81, 282–7
leptosphaerodione toxin 278–81
mass production, formulation and

storage 277–8
mode of action against bindweed 276–7
toxin production in various isolates

278–81, 282
Stagonospora convolvuli LA39 biocontrol

agent risk assessment 282–7
questions to be addressed 282–3
risk of environmental contamination by

metabolites 285–6
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Stagonospora convolvuli (cont.)
risk of metabolite entry into the food
chain 285–6

stability of elsinochrome A in the
environment 286–7

toxicity of elsinochrome A 283–5
sterigmatocyctin mycotoxin 25–7
strobilurins (agricultural fungicides) 46–9

discovery in Basidiomycetes 46
mode of action 46–9
structure 46–9
synthesis 46–9
synthetic strobilurin fungicides 49

Strobilurus tenacellus 46–9
subterranean pest controls

chemical pesticides 257–8
early forms of control 257–8
entomopathogenic fungi 263–5
fungal biocontrol agents 258–9, 263–5
integrated pest management
(IPM) 258–9

problems with controls 257–8
subterranean pests and their economic

relevance 259–63
Agriotes spp. (wireworms, click beetle
larvae) 261–2

Athous spp. (wireworms) 261–2
Corymbites spp. (wireworms) 261–2
Daktulosphaira vitifoliae (grape
phylloxera) 262

Diabrotica virgifera virgifera (western corn
root worm) 263

economic importance in Europe 257–8
Melolontha melolontha (European
cockchafer, May beetle) 259

Otiorhynchus sulcatus (black vine weevil)
260–1

Phyllopertha horticola (garden chafer) 260

T-toxin 25–7
tenellin synthase 41–2, 43
tenuazoic acid 53
terpene cyclases, in Aspergillus nidulans

80, 83
terpenoids, produced by filamentous

fungi 25
tetrahydroxynaphthalene 25–7
tetrahydroxynaphthalene synthase 28–9
toluene, degradation metabolic pathways

215–16
Tolypocladium inflatum, source of

cyclosporin 62–3
Tolypocladium niveum 80–2
Trametes versicolor, expression of

laccase 213
Trichoderma spp.

beneficial fungal antagonists 294–7

challenges in development of
biopesticides 294

diversity of habitats 293
effects on plant growth improvement
304–6

genetic and biological diversity 293
genetically modified strains 294
industrial and agricultural uses 294
interactions with plants and pathogens
294–8

interactions with the plant 298–302
life-cycle 293
molecular cross-talk with the plant
300, 302–4

rhizosphere-competent strains 293–4
versatility as biocontrol agents 293–4

Trichoderma-based biofungicides
beneficial fungal antagonists 294–7
effects on plant growth improvement
304–6

induced systemic resistance (ISR) 298–304
interactions with plants and pathogens
294–8

interactions with the plant 298–304
molecular cross-talk with the plant
300, 302–4

range of commercial products 292–3
range of uses 292–3
stimulation of host plant defences
296–7, 298–302

Trichoderma atroviride 5–6
Trichoderma reesei

discovery 5–6
genome project 5–6

Trichoderma virens 5–6
tryprostatins 89

UPR (unfolded protein response) in
filamentous fungi 118, 120,
124–5, 130–2

engineering to increase protein
productivity 118, 120, 132–3

in Aspergillus spp. heterologous protein
production 147–53

in the ER 122
mechanism of signal transduction
124–5, 130–1

regulation of adaptive responses 131–2
UPR in S. cerevisiae 122–5

apoptosis 128
decrease of influx of unfolded polypeptide
chains 127–8

ER associated degradation (ERAD)
126–7

mechanism of signal transduction 122–5
molecular chaperones and foldases 126
nutrient sensor 128–30
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phospholipid biosynthesis 127
regulation of adaptive responses to ER
stress 126–8

Ustilago spp., actions of sordarins 50–1
Ustilago maydis

microtubule initiation 98, 99–100, 101
polarized growth 96

Verticillium, fungal pathogen evolution
328–9 see also Lecanicillium; Pochonia

western corn root worm see Diabrotica
virgifera virgifera

white-rot fungi
ability to break down lignin 207–9
degradation of xenobiotics 207–11
effects of soil environment 221–3
expression of ligninolytic enzyme systems
211–13

fate of breakdown products 220–1
field trials 223–4
interaction with native soil microbiota 223
laccase 207–9, 210–11, 213
lignin peroxidase 207–10, 211–13
ligninolytic enzyme–redox mediator
systems 207–13

ligninolytic enzymes 206–7
manganese-peroxidase 207–9, 210, 211–13
role in bioaugmentation 206–7
see also xenobiotic metabolism

wireworms see Agriotes spp.; Athous spp.;
Corymbites spp.

xenobiotic metabolism
BTEX compounds (benzene, toluene,

ethylbenzene, xylene) 215–16
chlorophenols 213–14, 215
dyes 217
explosive waste 216
fate of breakdown products 220–1
field trials of white-rot fungi

223–4
metabolic pathways associated

213–20, 221
olive mill waste-water 216
organophosphate pesticides 215
pentachlorophenol (PCP) 213–14, 215
polyaromatic hydrocarbons (PAHs)

217–20, 221
polychlorinated dibenzo-p-dioxins

214–15
polychlorinated dibenzofurans

214–15
see also white-rot fungi

xenobiotics
definition 205
degradation by white-rot fungi 207–11
in situ bioremediation 205–7
oxidation by ligninolytic enzyme–redox

mediator systems 207–11
xylene, degradation metabolic pathways

215–16

Zalerion arboricula, selective antibiotics
produced 51–2
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