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Preface

Over the last 30 years, the incidence of fungal 
infections in immuno-compromised patients has 
increased considerably. Systemic infections still 
have mortality rates of up to 50%, revealing the 
limitations of available antifungal therapies. These 
limitations are due partly to acquisition of anti-
fungal resistance by pathogenic fungi and partly 
to the increasing incidence of intrinsically poorly 
susceptible pathogenic fungal species.

This book focuses on the most recent advances 
made to decipher the molecular mechanisms 
responsible for antifungal resistance to classic 
molecules that are azoles, polyenes, and echino-
candins in the major fungal genera involved in 
human pathology. A large part is also dedicated to 
the contributions made to deepen the knowledge 
on fungal biology, always with the aim of defining 
new antifungal strategies. Thus, a special emphasis 
is given to the recent findings on a particular life-
style that is biofilms, on fungal-specific biological 
pathways that constitute potential new targets, 
as well as on the research undertaken to enhance 
the efficacy of existing treatments. Likewise, high- 
throughput capabilities allowed the exponential 
increase in the number of screenings of chemical 

compound collections for antifungal activity, with 
the underlying decryption of the mode of action 
of the candidate molecules. Furthermore, the 
most recent technologies allowed a tremendous 
increase in the comprehension of the mechanisms 
settled by the host in response to fungi, resulting 
in major advances in the field of antifungal vaccine 
development as well as in moderating the infec-
tion effects by modulation of the human immune 
response. Finally, a chapter is dedicated to the 
description of animals models most recently 
developed to specifically study fungal infections, 
without which all the data from in vitro research 
would not be transposable to humans, which is 
the basis for improving antifungal treatments and 
consequently patients’ quality of life. 

Science has never been so deeply renewed 
since the recent advent of high-throughput tech-
nologies, which allow researchers to consider 
the whole organism’s response to any particular 
condition. In the field of antifungal therapy, this 
unprecedented level of analyses has not only clari-
fied prior knowledge but also opened the door to 
entirely new disciplines.

Patrick Vandeputte and Alix T. Coste
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ERG11 2, 5–7, 29

activity 39
azole interactions 10, 44, 76, 184, 186
chromosomal aneuploidy 11–12, 213–215, 230
crytallisation 37
discovery in Candida albicans 186
downregulation 199

drug target 33–34, 76, 116, 184, 190–192
inhibition 5, 12
mutant 12–13, 17–18
mutation 10–12, 17, 39, 45–46, 186
overexpression/upregulation 10–11, 132, 186, 

199, 215
polyene resistance 46, 99
substrate see Lanosterol
transregulator 10

Saccharomyces cerevisiae 10, 34, 37, 41, 186 
Cytokine 251

adaptive cellular immune response 247
adjuvant therapy 251
anti-inflammatory 167, 243
candidiasis read-out 290, 294–296
cell differentiation/polarisation 244, 248
fungi killing 244, 248
immunotherapy 237, 279, 
pro-inflammatory 148, 167, 242–243, 245, 248–249, 

252
secretion 244
see also Th1 cell, Th17 cell and Th2 immunity under 

T cell
Cytoplasm 4, 76, 146, 172–173, 200
Cytoscape 103–104
Cytosine 76
Cytosine deaminase 76
Cytoskeleton 123, 200
Cytotoxicity 250, 252

D
Dacarbizine 103
DAmP see Decreased abundance by mRNA perturbation
Dandruff 164
Danio rerio 300, 304
Daughter cells 79
DBD see binding domain under DNA
DCs see Dendritic cells
DC-SIGN 246
DDCP see damage checkpoint under DNA
Deacylase 64
Deamination 225
Decarboxylase erg26 30
Decreased abundance by mRNA perturbation 

(DAmP) 193
Dectin 246–247, 272–273, 276, 280
Defensin 104, 171, 173, 242
Deferasirox 101
Deferiprone 104
Dehydrogenase 81, 146
Demethylase 2, 5, 29–30, 33–34, 39, 45–46, 76, 184, 

186, 213, 215
Demethylation 29–32, 34, 184, 186, 192
Dendritic cells (DCs) 238, 248, 252, 269–272, 278–280

APC 237, 243, 244, 248
see also Antigen-presenting cells

cytokine production 247, 279
differentiation 244, 277
memory activity 278, 280
reprogramming 279
signaling pathway 271, 278
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stimulation 269
tolerogenic 271, 279
transfusion 252
vaccination 271–272

Denture 72, 74, 295
Deoxyadenosine 192
Deoxycholate 16, 184
Deoxyribonucleotide 222
Dephosphorylation 220, 223
Depletion 5, 12, 14, 95, 98, 126, 184–185
Depolymerization 186
Derivatization 196–197
Dermaseptin s3 100, 104
Dermatitis 164, 175, 290, 293
Dermatofactor 163
Dermatophytes 47, 96, 122, 148, 151, 163–164, 174,186, 

292–293, 297
Dermatophytosis 47
Desaturase 2, 6, 29–31, 33, 46, 192
Desaturation 29
Desorption 123
Destabilization 106, 152
Deterministic 75
Detoxification 190, 193–194, 198
Deuteromycetes 188
Deviations 92, 212
Device 71–72, 74–77, 80, 118, 168, 171, 173, 240, 295
Dexamethasone 197, 240, 245, 248
Dextran-sulfate sodium 245
DHFR see Dihydrofolate reductase
Diagnosis 3, 76, 91, 159, 238, 250, 268, 274, 280
Diagnostic 82, 118, 159–160
Diazirine 196
Diclofenac 148
Dictyostelium discoideum 305
Differentiation 66, 175, 269–270, 272, 276–278
Diffusion 2, 4, 7, 152, 162, 168
Digestion 59, 238
Digitonin 187
Dihydrofolate reductase (DHFR) 198
Dihydromotuporamine C 193
Dimers 225
Dimethyl 30, 244
Dimethyl formamide 244
Dimorphic 47, 55, 58, 64–66, 96, 240, 267
Dinucleotide 47, 279
Diphosphate 59
Dipodascopsis spp. 147
Dipodascus spp. 147
Dipolar 152
Disomy 45, 214
Disorders 164
Dispersion 16, 184
Disruptant 57, 62–63
Dissection 129, 267
Dissemination 168, 238–242, 245, 295–296, 298
Distortion 229
Distribution 3, 187, 300
Disulfiram 99, 104
Diversity 211, 214
Division 71

Dizziness 164
DNA

base misincorporation 229
binding domain (DBD) 197
damage checkpoint (DDCP) 216, 226
double-strand breaks (DSBs) 215, 220, 222, 

226–229
double-strand breaks reciprocal (DSBR) 226–227
mismatch repair 220, 229

DNase 77
dNTP (deoxynucleotide) 222–223
Docosapentaenioc acid 150
Dodecanol 170
Dodecapeptide 104
Dominance 272
Dopamine 151
Dormancy 81
Dox see Doxycycline
Doxycycline 96–97, 103–104, 303
Droperidol 99
Drosophila melanogaster 129, 220, 300–301, 303
Drug tolerance 3, 66, 80, 81, 98–99, 120, 123, 213, 215, 

267–269, 271–273
DSBR see double-strand breaks reciprocal under DNA
DSBs see double-strand break under DNA
Dss3 protein 100
Duplex 227
Dyclonine 193, 198

E
Ear 290
Eburicol 6, 31, 33
Echinocandins paradoxical effect 63
Echinocandins uptake 59 
ECM see Extracellular matrix 
Ecology 268
Econazole 99, 103, 184
Efflux

drug 7, 9, 11, 15, 45–46, 59, 99–100, 121, 125, 152, 
212–213, 230

gene 11, 121, 170
inhibitors 99–100
pump 8, 11, 27–28, 40, 48, 77–78, 80, 115–116, 119, 

122, 126, 131, 170, 190, 192, 212–213, 230–231
see also Multidrug transporters

transporters 4, 8, 132
Efg1 transcription factor 81, 120, 161, 299
Eggs 289, 305
EGTA see Ethylene glycol tetraacetic acid
Eht1 protein 81
Eicosapentaenoic acid 150
Eisosomes 57
Electron microscopy 185–186, 188
Electron spray ionization tandem mass spectrometry 126
Electroporation 40, 127
EMS see Ethane methyl sulfonate
Endocarditis 98, 290, 299
Endocytosis 57
Endonucleases 225–226, 229
Endophthalmitis 298–299
Endoplasmic reticulum (ER) 33, 45, 98
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Endosomes 172
Engulfment 172
Enoxacin 153
Enterocytes 243
Enteroendocrine cell 243
Eosinophils 244
Epiboly 305
Epidermis 173
Epidermophyton spp. 163
Epigenetic changes 62 
Epigenetic mechanism 278
Epilepsy 164
Episomal 127–128
Episterol 2, 6, 12, 30–31, 33
Epithelial 149, 163, 171, 238–240, 242–243, 245, 269
Epithelium 74, 238, 242–243
Epitopes 171–172, 269, 272, 275, 277
Epoxidation 47
Equilibrium 268
Eremothecium spp. 147
ERG11 gene see Cytochrome P-450
ERG3 2, 6, 7, 12–13, 18, 29, 31, 33, 46, 98–99, 120, 199, 

215
ERG6 2, 6, 7, 17–18, 29–31, 46, 99
Ergosta-5,7,22-trien-3β-ol see Ergosterol
Ergosterol

biosynthesis 2, 6, 29–32, 214
alteration/mutation 10, 12, 14, 17–19, 27, 46–47
gene regulation 121–122, 125–126, 130, 132, 

199, 214–215
in filamentous fungi 31–33
inhibition 1, 5, 13–14, 27, 29, 76, 95–96, 115, 

121, 126, 184, 
depletion 5, 7, 12, 14, 95, 126
drug binding 1, 4, 12, 15, 95, 115, 184–187, 195, 199
level 12, 14, 17
structure 15–16
targeting to membrane 120

Erk1/2 kinases 269
Erythrocytes 187
Escherichia coli 129, 226, 229, 304
Estradiol 103
ETG1 gene 188
Ethambutol 104
Ethane methyl sulfonate (EMS) 132
Ethanol 76, 123
Ethoxyquin 99
Ethoxzolamide 164
Ethylation 186
Ethylene glycol 101, 196
Ethylene glycol tetraacetic acid (EGTA) 101
Etodolac 148
Eucalyptus 151
EUCAST 2, 38

see also AFST-EUCAST
Eugenol 104
Eukaryotes 80, 97, 167, 229
European Saccharomyces cerevisiae archive for functional 

analysis (EUROSCARF) 200
Euthanasia 291
Evolution 12, 82, 98–99, 166, 172, 220, 230

Exceptions 229–230
Excess 72
Excision 220, 225–226
Exhaustive 131, 148
Exonucleases 229
Extracellular matrix (ECM) 78

F
FAD-BS see N-terminal flavin adenine dinucleotide bind-

ing site
Faeces 295
Farnesol 79, 162, 168–171, 175
Farnesyl pyrophosphate 168
Fatty acid 62–63, 81, 148, 150–151, 162, 192
Fba peptide 275
FcγR 246
Fcr transcription factors 132
FDA (food and drug administration) 101–102, 143
Fecosterol 2, 6, 12, 29–32
Fenarimol 186
Fenpropimorph 104, 107, 190, 192
Fermentation 147, 185
Fertility 171
Fertilization 304–305
Fever 147
FHA domain 223
FIC see Fractional inhibitory concentration
FICI, FIC index see Fractional inhibitory concentration 

index
Filament 13, 217–218
Filamentation 80, 153, 168, 223
Filtration 185
Fission yeast see Schizosaccharomyces pombe
Fitness 3, 12–13, 17, 46, 60, 82, 99, 106, 127, 129, 167, 

184, 211–212, 229–230, 244, 268
FKS genes 55, 57–66, 78, 167, 185, 188, 192, 201, 215

Aspergillus 58
Candida glabrata 57–58, 62
Candida guilliermondii 64
Candida parapsilosis 58, 64
Candida tropicalis 58
Cryptococcus 58, 65
FKS1 55, 57, 59–65, 167, 185, 188, 215

deletion 57
drug interaction 55, 61
drug target 57
hot-spot region 55, 59–60, 65, 167
identification 188
independent mechanism 55, 63–64
membrane protein 55
mutation 55, 57, 59, 61–62, 167, 215
structure–function 58–59
target 60, 167, 185

FKS2 57, 167
activity 58
mutation 61–62

FKS3 58, 167
gene family 57
heterozygosity 62
Histoplasma 58
Pneumocystis 58, 66
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redundancy 62, 188
Saccharomyces cerevisiae 57–58, 60, 64–66, 167, 188
Sporothrix schenckii 64
see also glucan synthase under Glucan

Flavoprotein 47
FLC see Fluconazole
Flo8 protein 163
Flocculation 173
Flora 164, 174, 238–240, 242, 245, 296, 303
Floxacin 97
Fluconazole (FLC)

combined therapy 80, 95, 119, 147–148, 152, 171, 
250, 302

development 4, 160, 184
fungicidal activity 80, 120
Galleria mellonella 302
iron homeostasis 121
mode-of-action 7, 125–126, 131–132, 190

cell wall 125
erg11 crytallization 37

fluconazole resistance 7–9
biofilm 76–77, 79
cross-resistance 45, 127
efflux 8–9, 78, 213, 215
epidemiology 4, 8, 9, 45
ergosterol byosynthesis pathway altera-

tion 12–13
fitness 230
genomic rearrangement 12, 212–214
heteroresistance 214
intrinsic 11, 28, 38–39, 44, 159, 302 
target alteration 10–11, 39, 44–46

structure 5
tolerance 120
uptake 7

Flucytosine 1, 76, 78, 104, 133, 291, 302
Fluorescence 117–118, 124, 186, 191, 197, 200
Flupentixol dihydrochloride 99
Fluphenazine 101–102, 119, 152
Fluspirilen 102
Fluvastatin 100, 104
Formate 164
Formic acid 33
FPR1 gene 195
Fractional inhibitory concentration (FIC) 92, 94, 97
Fractional inhibitory concentration index (FICI) 92–93, 

97, 100–102
Fructose 166
Fruit 149, 226
Fucose 246
Fungaemia 82
Fungal infections incidence 72, 91, 121–122, 144, 212, 

237, 241, 267, 271, 297
Fungal pathogenesis 73, 116, 131, 153, 160–161, 267, 

289, 291, 294, 297, 300, 302 
Fungicidal 6, 15, 55, 76, 96–97, 101–104, 120, 152, 167, 

184–185, 187, 247, 249, 251–252, 302
Fungistatic 6, 76, 97, 103–104, 120, 148, 184–185, 247
Fusariosis 298
Fusarium larvarum 192
Fusarium oxysporum 129

Fusarium proliferatum 101
Fusarium spp. 55, 57, 62–64, 66, 73–75, 101, 129, 152, 

192, 196, 290, 292, 294, 297, 299, 302–303

G
Galactose 194–195
Galactoxylomannan 275
Galectin 246–247
Galleria mellonella 98–100, 289, 300–303
Gastrointestinal

infection 289–290, 292, 295–296
mucosa 273
tract 74, 238–240, 245

Gastrula 305
Gavage 289–290, 292, 295
GCS2 gene 45
G-CSF see Granulocyte/macrophage colony-stimulating 

factor
Geldanamycin 98–99, 101
Gene conversion 215, 227
Genetic transformation 40, 59, 127–128, 130, 132, 194, 

196
Geneticin 189
Genital tract 171, 238
Genome 31, 58, 63, 66, 81, 92, 106, 115–116, 118–121, 

123, 125, 127–130, 132–133, 162–163, 185, 189, 
192–195, 201, 211–218, 220–225, 227–230, 271, 290, 
302

Genome coverage 192, 194–195
Gentamicin 295
Geomyces destructans 153
Germination 174
Germ-free animals 238
Germ-tube 247
GFP see Green fluorescent protein
Glaucoma 164
Glcn-6p acetyltransferase 166
Glp4 protein 304
Glucan 46, 77, 80, 98, 126, 185, 188

1,3-β-d-glucan see β-glucan under Glucan
α-1,3-glucan 46, 64, 167
β-glucan 64–66, 76–78, 81, 123, 165, 167, 245–247, 

275, 277, 301
biosynthesis/biogenesis/synthesis 126, 165, 167, 

201
glucanase β-1,3-glucanase 59, 77
glucan–chitin complex 167
glucan synthase 55, 57–60, 64–65, 78, 167, 185, 188, 

192, 215
see also FKS genes

Glucoamylases 81
Glucocorticoid 197–198, 240
Glucose 57–59, 65, 79, 151, 167, 187–188
Glucose uptake 187
Glucosyltransferases 57–58
Glucuronoxylomannan (GXM) 275
Glutamine 166
Glycans 167, 175, 237, 244, 247
Glycine 39–41, 45–46
Glycoconjugate 277
Glycoprotein 167
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Glycosides 57, 149
Glycosphingolipid 106, 278
Glycosylase 225
Glycosylation 168
Glycosylphosphatidylinositol (GPI) 167
Glycosyltransferase 59
Glycotransferases 167–168
GM-CSF see Granulocyte/macrophage colony-

stimulating factor
GNS1 gene 62–63
Golgi 130
GPI see Glycosylphosphatidylinositol
Gram-negative /positive bacteria 97, 172
Granulocyte/macrophage colony-stimulating factor 

(GM-CSF) 244, 246, 248–251, 279
Granulocytes 173, 244, 248, 250, 252, 279, 301
Green fluorescent protein (GFP) 200
Griseofulvin 185–186, 196, 199
GSC1 gene 57, 61, 64
GSL1 and GSL2 genes 58
GTPase 57, 160–161, 167
GTP-binding protein 192–193
Guinea pigs infection model 297–298
Gut 238–241, 243, 245, 271, 273, 280, 295–296, 303
GXM see Glucuronoxylomannan

H
Haematological malignancy 91, 274
Haematopoietic growth factor 245, 251
Haematopoietic stem cell transplant 55, 241, 252, 267, 

271, 274, 280
Haem binding regions (HBR) 35, 41, 44
Haemocoel 301
Haemocyte 300–301
Haemolymph 301
Haloperidol 107
Haloprogin 103
Haploid conversion 130
Haploinsufficiency 103, 130, 190, 192–194
Hatching 304–305
HBR, HBR1/2 see Haem binding regions
HCO3– see Bicarbonate
HCS see High content screening
Heatmap 93
Heat shock proteins (HSP)

Hsp12 120
Hsp60 275
Hsp65 275
Hsp90 46, 78, 80, 98–99, 127, 302

Hela cell 200
Helicase 220, 222, 226–227, 229
Helices 35, 42–43, 58, 60
Helix 35–37, 41–44, 46, 60, 225–226, 229
Hepatotoxicity 184
Heptaene 15
Heteroresistance 214
Heterozygosity 9, 62–63, 212, 215
Heterozygote 192
Hexapeptide 167, 184
HFAR see High-frequency acquired resistance
High content screening (HCS) 199–201

High-frequency acquired resistance (HFAR) 9
High-throughput 

RNA sequencing (RNAseq) 116–120, 122
screening (HTS) 153

Hindbrain 304–305
Histatin 173–174
Histatin-5 (Hst-5) 173
Histidine 43, 162, 164, 169, 198
Histocompatibility 271
Histone 196
Histone deacetylation 196
Histopathology 290, 294, 296–298, 304
Histoplasma capsulatum 58, 65, 73, 75, 151, 240–241, 

267, 276–277, 302, 304–305
Histoplasmosis 75, 272, 274, 298
HIV (human immunodeficiency virus) 72, 95, 121, 

143–144, 193, 240–241, 249, 251, 267, 277, 280
HMG 102
HMG-CoA reductase 102
Holliday junctions 226–227
Homeostasis 97, 103, 119–122, 237–240, 243, 245, 268, 

272, 278
Homologous recombination (HR) 44, 127, 218–219, 

222, 226–227
Homoserine 169
Homozygosity 62, 214–215
Hotspot 58, 65
Hours post-fertilization (HPF) 304–305
HPF see Hours post-fertilization
Hph1 transcription factor 120
Human peptide hLF 100, 104
Human peptide hMUC7–12 100
Humid nebulization infection model 298 
Humoral immunity see adaptive under Immunity
HWP1 gene 81
Hydrocortisone 240
Hydroxyurea 200, 217
Hygromycin b resistance (HPH gene) 128
Hyperactive allele 

ERG11 gene 215
TAC1 gene 11, 15, 131, 215

Hyperpolarization 98
Hyphae 

Aspergillus fumigatus 247, 250, 252
Candida albicans 247
Candida albicans formation 13
cells 71, 75, 246
growth 13, 97, 160, 161, 163, 168–170, 239
killing 247
membrane composition 97
phase 55, 66, 147
septa 166
tip 65, 174
yeast transition 160, 171, 246

Hypoxia 268
Hyr1 protein 275

I
Iatrogenic devices 171
IBD see Inflammatory bowel disease
Ibuprofen 100, 104, 145, 148
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IDO1 see Indoleamine 2,3-dioxygenase 1
IFNγ (interferon γ) 244, 247–249, 251–252, 272, 

278–280
Imazalil 186
Imidazoles 4, 8, 153, 160
Imipenen 295
Imiquimod 279
Immune cells transfusion 101, 237, 239, 242, 248–252
Immune tolerance 11, 97, 187, 211, 237–238, 271, 273, 

279
Immunity

adaptive 240–241, 243–244, 245, 248, 250, 267, 
276

antifungal 250, 252, 268–269, 270–271, 272, 274, 
277

CD4+ T cells-mediated 248, 252, 272, 277, 279
CD8+ T cells-mediated 277, 279
innate 6, 143, 165, 173, 241, 243, 245, 247, 267, 271, 

272, 276, 303
microbe stress 46
mucosal 238, 242–243, 245, 273, 280
protective 268, 272, 273, 279
systemic 240, 280
vaccine 276–277 

Immunization 274, 278
Immunocompetent mice 279, 290–291, 295–296, 

298–299
Immunocompetent patient 75, 240–241, 297
Immunocompromised patient 64, 66, 74–75, 143–144, 

211–212, 237, 241, 267, 274
Immunodeficiency 91, 240, 267
Immunodiagnostic 280
Immunogenomics 280
Immunomodulators 238, 242, 278
Immunopathology 268, 294
Immunosuppression 73, 153–154, 240–241, 245, 249, 

251, 273, 291, 293, 295–299, 301
Immunosuppressors 98, 240, 245
Immunotherapeutic strategies 249–250, 272, 279
Immunotherapeutics 267–281
Immunotherapy 237, 239, 241–243, 245, 248–249, 

251–252, 279, 294
Inborn error 272
Indoleamine 270
Indoleamine 2,3-dioxygenase 1 (Ido1) 270
Indomethacin 145, 148
Infection intra-abdominal 290, 296, 300
Inflammation 75, 145, 245–246, 248, 268, 271–273, 279
Inflammation autoimmune 279
Inflammatory bowel disease (IBD) mouse model 245
Influenza 102
Ingestion 303
Inhalation 251, 297–298
Injection

intracerebrally 245, 298
intracisternally 298
intracranial 298
intragastric 296
intranasal 272, 293–294, 297
intraocular 164, 293
intraperitoneal 186, 291

intratracheal 245, 297–298
intravenous 55, 75, 91, 160, 245, 291, 293–295, 297, 

299
Innate immune 

cells 237, 245–247, 250
defence see innate under Immunity
system 167, 171–173, 237, 271, 281, 294, 301, 304

Innate signalling 277, 279
Inoculation 171, 245, 298, 301, 303
Inoculum 78, 303
Insect 289, 300, 302–303
Instillation 290, 293–294, 298
Interleukins

Il-1 276
Il-1 receptor 272
Il-10 248, 273
Il-12 248, 250, 252, 272
Il-13 248, 272
Il-15 250, 252
Il-17 245, 272–273
Il-17A 277
Il-17F 272
Il-18 250, 252
Il-2 248, 278
Il-22 272–273
Il-23 273
Il-25 253
Il-4 244, 248, 272
Il-5 248, 272
Il-6 171, 246, 248
Il-8 246

Interplay 239, 241, 271
Intestine 304
Intron 34
Invasion fungal 171, 226, 237–242, 245, 252
Invasive fungal infections (IFI) 91, 237–238, 241, 245, 

247–248, 251–252
Invertebrate 98, 300, 303
Ionization 123
Iron uptake 122, 199
Irradiation 196
Isobologram 93–94
Isobols 92
Isochromosome 11, 212–213, 230
Isoflavones 149
Isogenic 40
Isoleucine 39
Isomer 169
Isomerase 2, 14, 29–30, 46
Isoprene 149
Isotope 196
Isovuconazole 38
Itraconazole 2, 4–5, 7–8, 10, 12–13, 28, 35, 37–41, 

44–46, 78, 96, 104, 160, 184

K
Karyogamy 199
Keratin 148
Keratitis 75, 293, 298–299
Ketoconazole (KTC) 8, 30, 38, 78, 97, 101, 103–104, 

149, 160, 184–186, 199
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Kexin 275
Kidney 101, 164, 294–295
Kinase

adenylate kinase 153
aurora B 224
Cdc5 225
checkpoint effector 220, 222, 223

see also PIKK
CK2 132
inhibitor 153
kinase assay 194
MAPK (mitogen-activated protein kinase) 80, 98, 

169,194, 223, 269
phosphoinositide-dependent kinase 1 133
two-component histidine kinase signaling cas-

cade 169
see also CDK, Erk1/2 kinases, PKA, PKC and Syk

Kinetochore 224, 228
Klebsiella pneumoniae 147
Kluyveromyces spp. 147, 151
Krebs cycle carbonic anhydrase 164
Krebs cycle in biofilm 79
KTC see Ketoconazole
KU70 and KU80 NHEJ genes 127, 228–229

L
Lactate carbon source 125
Lactoferrin 104
Lactone 100, 169
Laminarin 275
Lanosan 186
Lanosta-8,24-dien-3β-ol see Lanosterol
Lanosterol (5α-lanosta-o 24-en-3β-ol) 2, 6, 29–31, 

33–34, 37, 39, 184, 186, 213, 215
Latency 274
Latrunculin 104
Lavage

bronchoalveolar  244
vaginal 292, 297

Lectin
C-type 246–247, 272, 276
mannose binding lectin (MBL) 246
S-type 246–247

Lesion DNA 171, 216, 222–223, 225, 226
Lesion fungus-associated 280, 294, 297, 299
Lethality

due to genomic alteration 215, 220, 222
embryonic 211–212, 
synthetic 103

LEU2 129
Leucine 41
Leucocyte 237–239, 242–243, 248–251
Leukaemia 12, 249, 251
Levofloxacin 97
Libraries

barcoded ORFs 189–190
barcodes 189
cDNA 118
chemical compounds 82, 91, 101, 104, 153, 162, 304

chemdiv 102

French ‘chimiothèque nationale’ 102
Prestwick 99, 101–102

gene deletion 106, 189
genes deletion in S. cerevisiae 63, 106
gene overexpression 194–195
genomic 128–129, 132–133, 186, 189, 194
insertion mutants (Saccharomyces cerevisiae) 131
library of pharmacologically active compounds 

(LOPAC) 153
mate-pairs Illumina 119
natural products 82, 101
NIH molecular libraries small molecule reposi-

tory 153
ORFeome 195
peptide 173
phage-display 198
phage lambda library of Candida albicans nucleotide 

sequences 186
random-mutant (Candida glabrata) 132
Saccharomyces cerevisiae MoBY-ORF 195
transcription factor mutant 81
variomics (Saccharomyces cerevisiae) 129

Lichtheimia spp. 73, 76
Lidocaine 104
Ligases 225–226, 228
Lipid

bilayer 15
biosynthesis 105, 126, 153
chain (candins) 56–57, 64, 66, 184
essential oil 150
formulation AmB 16–17, 160, 165
homeostasis 119–120
membrane composition 8, 17, 115, 126
moiety 174
natural-product 144, 148
rafts 126
translocation 126
vesicle 81, 105

Lipidomics 126–127
Lipoglucoside 60
Lipomyces spp. 147
Lipopeptide 55, 60, 184, 193
Listeria monocytogenes 172
Liver 241, 244, 294–295
LOH (loss of heterozygocity)

frequency 215, 217–220, 222, 224–225, 228–229
genome instability 227–228, 230
resistance 212, 215–217, 220

Long pentraxin 3 (PTX3) 279
Lovastatin 100–102, 104, 200
Luciferase 168, 153
Lung infection 75, 101,121, 241, 245, 247, 271–273, 

276–277, 280, 294, 298
Lymphocytes 244, 247, 269
Lymphomas 241, 269
Lymphopenic mice 277
Lysine 99, 196–197
Lysine deacetylases 99
Lysosomes 172
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M
Macrolide 15, 184, 196, 251
Macrophage

activation 247–248
alveolar macrophages 244, 251
APC 238, 243, 244, 248, 269

see also Antigen-presenting cells
deficient 249
differentiation 244, 248
growth factor 250, 279
immunity/ protective response 243, 244, 248, 251, 

272
infection 151, 172
isolation 244
lineage 243, 244, 246, 251
macrophage-infected drug treatment 151, 154
macrophage-like amobae 305
oxidative metabolites production 82, 170
patrolling 172
receptor 172, 244, 272, 276
resident macrophage 247

MAD protein 224
Magnaporthe grisea 186
Malaria 151, 196
Malassezia furfur 164
Malassezia globosa 164
Malassezia pachydermatis 73, 75
Malassezia restricta 164
Malassezia spp. 73–75, 164–165, 267
Malate 101, 164
MALDI-TOF/MS (matrix-assisted LASER desorption 

ionization time-of-flight mass spectrometry) 123–125
Maleate 101, 164
Mammals 73–75, 164, 292, 299, 301, 303
Mannan 167–168, 246, 275
Mannitol 247
Mannoproteins 165, 167, 275
Mannose receptor signalling pathways 272
Mannosides 246
Mating-type loci (MTL) 11, 15, 214–215
Mcm1 133
Mcp-1 247
M-CSF see Granulocyte/macrophage colony-stimulating 

factor
MDR1 genes

biofilm 78
constitutive overexpression 9
coregulated genes 222
discovery/cloning 8
genome rearrengments 213–215
induction 222
orthologues 8
overexpression 8
regulation 9, 120, 132, 170
substrate 8

Mefloquine 101
Melanin 55, 64–66, 301
Melanization 300–301
Meloxicam 148
Membrane invagination 172
Memory cells 273, 277, 278, 

Memory immunological memory 252, 274, 276–278, 
280

Meninges 75
Meningitis 45, 95, 121, 241, 249, 251, 290, 293
Meningoencephalitis 75, 298
Messenger RNA 8, 116, 118, 123, 163, 192–193, 294
Mesylate 101
Metabolomics 280
Metal binding group 161
Metal chelators 100
Metal complexes 152–154
Metaphase 224
Methanesulfonate 200, 217, 223
Methazolamide 164
Methionine 40–41
Methoxsalen 103
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Methyl mismatch repair (MMR) pathway 229
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voriconazole 44–45
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Naphthalene 47
Nappy rash 74
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Oxidative stress 6, 9, 15, 46–47, 99–100, 121–123, 

125–126, 146, 154, 175, 184, 214–215, 218, 224

P
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intracellular pathogens 172
opportunistic pathogens 75, 159, 237, 239, 241, 253, 

277
primary pathogens 237, 240–241, 253, 277

Patients ICU 72, 74, 77
Pattern recognition receptors (PRRs) 167, 245–248, 

268–269, 271–272, 276–277, 279
PCF11 gene 192
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Pentamidine 103–104, 107
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Peroxidases 184
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Phagocytose 82, 163, 167, 171–172, 242–248, 270, 272, 
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Phosphatidylethanolamine 7
Phosphoproteomics 223
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Phytosphingosine 63
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Prochlorperazine dimaleate 99
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129, 132
Rfc1 protein 222
Rhizomes 149
Rhizomucor pusillus 73, 76
Rhizomucor spp. 73, 76
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SGS1 gene 218, 222–223
Signal transduction 3, 123, 131, 133, 220, 272
Simvastatin 100, 102
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Slg1 (Wsc1) receptor 63
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Snq2 transporter 133
Sordaria macrospora 163
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Spherules 66, 187
Sporothrix schenckii 61, 63–64, 267, 305
Squalene epoxidase 2, 13–14, 29–30, 47, 96
Stb5 transcription factor 131, 133
Sterol demethylases 29, 31, 33–35, 37, 39–41, 43–46
Sterol uptake 18
Strand invasion 226
Streptococcus pyogenes 172
Streptococcus spp. 169, 172
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Tac1 transcription factor 7, 9–11, 15, 131–132, 213, 215
Tacrolimus 107
Tamoxifen 102–103
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Target deconvolution 183, 185, 193, 195–196, 200–201
Target of rapamycin (TOR) pathway 194, 196, 198, 272
TBHP see Tertbutyl hydroperoxide
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TNFα see Tumour necrosis factor α 
Toll-like receptors (TLRs) 171, 246–247, 272, 279–280, 

303
Topical application of antifungal 14, 148, 175, 184, 198, 

279, 293, 297
Topiramate 164
Toxicity 3, 12, 14, 16, 91, 98–99, 145, 149, 151, 154, 160, 

174, 184–185, 289–290, 294, 300, 303–304
Toxoplasma gondii 58
Tpo4 protein 81
Trans-2-decenoic acid 169
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Vulvovaginal candidiasis 274, 279, 292, 297

W
Wax moth 300
White-opaque switching 160, 163
Wortmannin 104
Wrinkled 223

X
Xenobiotics 9
Xeroderma pigmentosum 225

Y
Yep13 plasmid 194
YHK8 gene 121
YOP1 gene 45

YSH1 gene 192

Z
Zap1 transcription factor 81
Zebrafish 289, 300, 304–305
Zinc uptake 81 
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