X/

Matthias Gehder (Autor)
Development and Validation of Indicators for the
Production and Quality of Seed Cultures

Band 59
Technische ibvt-Schriftenreihe
Universitat

Braunschweig

Development and Validation of Indicators
for the Production and Quality of Seed Cultures

Matthias Gehder

https://cuvillier.de/de/shop/publications/254

Copyright:

Cuvillier Verlag, Inhaberin Annette Jentzsch-Cuvillier, Nonnenstieg 8, 37075 Goéttingen,
Germany

Telefon: +49 (0)551 54724-0, E-Mail: info@cuvillier.de, Website: https://cuvillier.de



Table of contents

Table of contents

Abstract, Zusammen assUNG .........coceeuiriiiiirienieniee ettt I
ACKNOWIEAZMENLS. ....c..eiiiiiiiiiieie ettt et et e e e e e snaeens IX
List of abbreviations and SymbOIS ...........c.ccoeoiiiieiiiieiiiieciee e XIII
1  Introduction and theoretical background............c.ccccovieeiiiiiiiiiiiiiiiceie e 1
1.1  Aim and structure of the thesiS.........cccccviiriiiieiiiie e, 1
1.2 Biology of Aspergillus 0OCAIrACEUS ................ccccvueeeeciiieeiiieeciieeiiie e 4
1.3 Industrial relevance of A. ochraceus and the synthesis of steroids................... 6
1.4 Influence of sporulation conditions on the properties of conidia.................... 11
1.4.1 Solid and liquid Culture ............cocvieeiiiiiiiiieeiie e 11
1.4.2 The role of carbon, nitrogen and trace elements .............ccccceevvvenireennnnen. 12

1.5 Metabolite profiling..........cccueeciiiiiiiiiiiecie et 15
1.5.1 Relevance and application of metabolome analysis...........ccccceeeerieenennne. 15
1.5.2 Available technology for metabolite profiling ...........cccceeeeviiniinienennne. 16

1.5.3 Compatible solutes and other metabolites in conidia..........cccceeeerueeneenee. 18

1.6 FIUOTESCEICE ...ttt ettt 19
1.6.1 Fluorescent dyes and autofluorescence ...........ccoevveeeeieeeecieeenieeeeireeeeen. 20
1.6.2  Fluorescence Hfetime..........cccueeeiiiiiiiiiiiiiiecciie et 21

1.6.3 Spatial information and fluorescence lifetime imaging (FLIM) .............. 22
1.6.4 Two-photon flUOTESCENCE .......ccervviieiiiieciiiieeiee et 23
1.6.5 Fluorescence of NAD(P)H and melanin.............ccccoeeeiveeiiiinnieecniieeeeen. 26
1.6.6  Fluorescence in flow CYtOMELIY ....c.eevvveeriiieiieeiieeiee et 28

2 Materials and MeEthodS .........cooiiiiiiiiiiiie e 30
2.1 MICTOOTZANISIN ...eeuevieiiieieeeieeeiteeteesteeereessaeesaeessaesnseeesseessseessseeseeanseensseennns 30
2.2 INSIIUIMENES ..ottt ettt sttt et e eare e 30
2.3 Chemicals, solutions and media...........ccceeeveuiieeiiieeriiieeciee e 31
2.3.1 Chemicals and diSposables ..........ccccceruiieriiiieiiieeiieeeieeeeee e 31
2.3.2 0 MEAIA ittt 32
2.3.3 Preparation of solid media, liquid media and additives .............c..cc......... 33

2.4 Production of spores on agar plates.........c.ccccveevieeriieeiieeiiieeiee e 33
2.5 Characterization Of SPOTES ......cccuieeiuieriieeieerieeriieeiteeiee et e see e eeeensee e 34
2.5.1 Concentration and aggregation............ceeeueeriiieriieerieenieeree e eeee e 34
2.5.2  Proteome analySiS........ccccuirieiuiiiiiiiieiiie ettt e 34
2.5.3  Metabolome analySiS.......ccceeecuiieeiiiieniieeeiie et 35



Table of contents

VI

2.54  ATP QNalySIS...cccciiieeiiieeiiieeciee ettt ettt ve e e e e eenaee e nnaeeenns 36
2.5.5 Two-photon fluorescence MIiCTOSCOPY ..eevvvrrerrureeerreeerrieeeireeenereeennreeenens 37
2.5.6  Flow cytometric analysis (fluorescence and S1Z€)........ccccceevveeerveeerneeenns 38
2.5.7  VAQDIIEY c.teeniieieeeee e 39
2.5.8 Shake flask Culture ............ccooouiiiiiiiiiie e 39
2.5.9 HPLC reactant and product analysis ..........ccceevveeeiiieeniiireniiieeiie e, 40
2.6 StatiStical ANALYSIS ...eeeeiiieeiiieiiiie et 41
Establishing methods for spore characterization ..............coccoevieiiiiiienieeneeee. 42

3.1 Determination of spore yield with microscopy, optical density and automated

COUNEITIZ ..t eutteeeniieeeeiteeeetteeetteeesssaeeessaeeessseeesssaeeansseeenssaesassaeenssseeansseesasseeenssseensseeanns 42
3.1.1 Manual haemocytometer count (microscopical determination)............... 42
3.1.2 Determination of spore concentration by optical density..............cc......... 43
3.1.3 Determination of spore concentration by flow cytometry........................ 45

3.2 Determination of spore aggregation and wall constitution ...............ccceeueenee. 46
3.2.1 Aggregation analysis by means of miCroSCOPY ......cccceevveerveerieerieenieenueenne. 46
3.2.2  Analysis of spore wall proteins ...........ccccceeeeeviieeiieeeiiieeeiiee e 48
3.2.3 Electron microscopic imaging of SPOTES .......c..ccccveeeririrercrieeerrieeeeeeeennne 51

3.3 Determination of spore size with the COULTER principle.........ccccceevveeennennee. 53

3.4 Determination of spore composition with metabolite profiling...................... 54

3.5 Determination of ATP concentration with an enzyme assay.............ccccueeeee.. 59

3.6 Determination of NAD(P)H composition in spores with two-photon

flUOTESCENCE MICTOSCOPY ..eieiurrieeiiriieeiieeeiteeeerteeeiteeesereeeeseeeessseeessseeessseeessesesseaeans 61

3.7 Determination of spore visible longwave fluorescence with flow cytometry 64

3.8 Determination of spore viability on solid and liquid media..............cccc......... 67

3.9 Determination of culture performance in submerged cultivation ................... 69
3.9.1 pH of the cultivation broth ............ccceeviiriiiiiiee e 69
3.9.2 Biomass formation and morphology ..........cccceeeuieviiieniiienieeieeie e 70
3.9.3 Product formation and reactant ConSUMPLION.........ceeeveerveeriieerieerreeenen. 75

3.10 Conclusion of the spore characterization .............ccceeeveevveenieerieeiieeieeereeeee. 77
Influence of sporulation conditions on spores’ constitution and performance..... 78

4.1 Effect of sporulation media.........cccoeeeeviieniiniiniiniiiieieeeecee e 78
4.1.1 Spore yield depending on sporulation media ............ccceeeveuiieenieeennneennee. 78
4.1.2 Spore aggregation depending on sporulation media .............ccccvveeennnennee. 84
4.1.3 Spore metabolites depending on sporulation media...............cccvveeennnennee. 86
4.1.4 Spore ATP content depending on sporulation media............ccceeeeeveennnee. 89



Table of contents

4.1.5 Spore NAD(P)H composition depending on sporulation media.............. 91
4.1.6 Spore visible longwave fluorescence depending on sporulation media... 94
4.1.7 Spore viability as a function of sporulation media............ccccceevvrernnennee. 95
4.1.8 Shake flask performance as a function of sporulation media................... 97
4.2 Influence of inoculum concentration on solid media............ccoceeveeniienin. 100
4.2.1 Spore yield depending on inoculum concentration .............ccceeecvervennnene 100
4.2.2 Effect of inoculum concentration on further quality indicators............. 101
4.3 Influence of sporulation duration .............cccceeeeiiieeiiieeciiieceee e 102
4.3.1 Spore yield depending on sporulation duration.............c.cecveeervreennnnnnns 102
4.3.2 Spore aggregation depending on sporulation duration.................cc........ 103

4.3.3 Spore visible longwave fluorescence depending on sporulation time ... 104

4.3.4 Spore viability depending on sporulation duration .............cccccvveerunnnnnns 105
4.4  Effect of storage on the constitution of conidia ...........cccceeeveriieviiieeniieennnn. 108
4.4.1 Spore aggregation after StOTage ..........cccvverveeriieerieeie e 109
4.4.2 Spore metabolite profile after Storage ...........ccceevveerieeiieeiieeie e 114
4.43 Spore ATP content after StOTage.........cccvvevveerirerieeie e 119
4.4.4 Spore NAD(P)H composition after Storage.........ccecveevueeeereeeceeenveennnenns 121
4.4.5 Spore visible longwave fluorescence after storage ...........ccceecveerveennenne 122
4.4.6 Spore viability after StOrage........c.ceevveeriieiiieiiieie e 124
4.4.7 Shake flask performance after Storage ...........cceveveeriieniiiiieniie e 129
4.5 Effect of early germination ............ccceeevieieiiiiieiiiie e 133
4.5.1 Change of metabolite profile during early germination......................... 133
4.5.2 Change of NAD(P)H distribution during early germination.................. 139
Summary and CONCIUSION........cccuviiiiiiieiiiieeiee e e 142
OULLOOK ..ttt et 145
References and appendiX ........cccueevveeiiieiieeiie et 146
Tl RETETEINCES ... et 146
7.2 List of MEtabOlIteS ..c..verueiriiiiieiiieiieiieeeee e 155
8  Eidesstattliche Erklarung (Originality statement) ............ccccceeeveviieviieeenieeennneen. 157

VII



