Table of Contents

List of Figures IX

List of Tables X1

List of Abbreviations xvir

1. Introduction 1

1.1 Lithium 1

1.1.1 Chemical properties 1

1.1.2 Terrestrial occurrence & industrial application 1

1.1.3 Lithium in human nutrition 2

1.1.3.1 Dietary sources 2

1.1.3.2 Bioavailability, distribution and elimination 2

1.1.4 The potential essentiality of lithium 3

1.1.4.1 Indications for a biological function of lithium 3

1.1.4.2 Toxicity of lithium 4

1.1.5 Medical application, pharmacodynamics & molecular targets 5

1.2 Regulation & actions of Glykogensynthase kinase-3 6
1.2.1 Signaling pathways targeting GSK-3 activity

1.2.2 Mechanisms and consequences of lithium targeting GSK-3 activity 8

1.3 Role of D. melanogaster in nutrition & trace element research 10

1.3.1 Female fruit fly anatomy 10

1.3.2 Oogenesis in D. melanog 12

1.3.3 Functional evaluation & regulation of Shaggy 13

1.3.4 Regulation of the glucose homeostasis in the fruit fly 14

1.3.5 Role of insulin signaling & Sgg activity in life history traits of Drosophil, 16

1.3.6 Importance of addressing host-microbiota interactions in D. melanog fitness 17

1.4 Bioactivity and therapeutic effects of lithium in D. melanogaster 18

1.5 Objectives of the study 21

2. Materials and Methods. 22

2.1 Chemicals, laboratory consumables, kits & software 22

2.2 Fly cultivation, maintenance & experimental diets 29

2.2.1 Drosophila fly lines 29

2.2.2 Cultivation and maintenance 29

2.2.3 Preparation of fruit fly diets 30

2.2.4 Preparation of the lithium chloride stock solution 32

Bibliografische Informationen E
https://d-nb.info/1312470658 digitalisiert durch 1

BLIOTHE


https://d-nb.info/1312470658

2.3 Accumulation studies & ICP-MS

2.3.1 Increasing dietary lithium & interactions with other elements

2.3.2 Feeding of lithium-rich beverages

2.4 Phenotyping in Drosophila melanogaster.

2.4.1 Life span experiment:

2.4.2 Colorimetric analysis of the body composition

2.4.2.1 Protein

2.4.2.2 Triacylglycerides

2.4.2.3 Carbohydrates

2.4.3 Quantification of food, sucrose, lithium intake & lithium status

2.4.4 Quantification of life time egg production & F1 development

2.4.5 Microscopy of the ovaries (ovarian size & follicle stages)

2.4.6 Periodic acid-Schiff reaction

2.4.7 Capturing food preference (two-choice experiment)

2.5 Molecular Biology.

2.5.1 Protein extraction & Western blots

2.5.2 Immunofluorescence microscopy

2.5.3 Enzyme-linked immunosorbent assay

2.5.4 Quantitative reverse transcriptase PCR (QRT-PCR)

2.6 mRNA-Sequencing & transcriptome analysis

2.6.1 Fly treatment & sample preparation

2.6.2 RNA isolation & DNA digestion

2.6.3 mRNA-sequencing

2.6.4 Statistical analysis of transcriptomic data & bioinformatics

2.7 Analysis of the intestinal microbiota

2.7.1 Testing for infection with Wolbachia species (PCR)

2.7.2 Preparation of the bacterial mix for recolonization of germ-free embryos

2.7.3 Germ-free embryos (dechorionation) & recolonization

2.7.4 Lithium treatment of recolonized flies

2.7.5 DNA isolation

2.7.6 Total bacterial load

2.7.7 16S-rDNA sequencing & analysis
2.7.8 In-vitro growth of L. pl. um

2.8 Statistical analysis.

3. Results

3.1 Lithium-accumulation studies

3.1.1 Determination of basal lithium-contents of the experimental fly diets

32
32
33

34
34
34
35
35
35
37
37
38
38
38

39
39
40
40
41

42
42
42
42
43

43
43
43
44
44
44
45
45
46

46
47

47
47



3.1.2 Dietary lithium accumulates in a linear manner

3.1.3 Lithium-supplementation affects the sodium status of the fly

3.1.4 Lithium-rich mineral water improves the lithium-status of the fruit fly

3.2 Impact of dietary sucrose & lithium the life span

3.2.1 Dietary sucrose promotes survival in w!!1#

3.2.2. Dietary sucrose attenuates the impact of lithium on survival

3.2.3 Dietary sucrose promotes survival in sgg’/FM7a

3.2.4 sgg'/FM7a respond to lithium-induced longevity in combination with low dietary sucrose ..............

3.2.5 Dietary sucrose promotes survival in InR%'/TM2

3.2.6 Lithium rescues reduced median survival in InRE!%/TM2 mutants fed with low dietary sucrose ........

3.2.7 Impact of dietary sucrose & lithium on survival varies across w'/*, sgg!/FM7a and InRE'/TM? .....

3.3 Effects of dietary sucrose & lithium on GSK-3 and Akt expression & phosphorylation

status of in w'’%,

3.4 Impact of dietary sucrose & lithium on w'/*® body composition

3.5 Dietary sucrose alters the impact of lithium on the w!’*®

transcriptome

3.6 Tissue- & dose-related impact of lithium on the transcriptome

3.7 Effects of lithium on female reproduction

3.7.1 Lithium promotes egg production in w///® females

3.7.2 Lithium does not affect the preference for oviposition
3.7.3 Effects of lithium on egg production in [nRf"/TM2 and sgg'/FM7a

3.7.4 Impact of maternal lithium-treatment on F1 developmental performance

3.7.5 Effects of lithium on ovarian Sgg activity and late oogenic glycogen accumulation ...

3.7.6 Lithium alters transcripts level of genes associated with oogenesis

3.7.7 Impact of lithium on IIp2 mRNA level and protein level

3.8 Monitoring dietary intake & lithium status in w''’®

3.8.1 Dietary sucrose largely affects feed intake

3.8.2 Calculated sucrose consumption rises with the dietary supply

3.8.3 Variations in calculated lithium intake across experimental groups

3.8.4 The lithium-status varies among the experimental groups

3.9 Impact of lithium on the intestinal microbiota

3.9.1 Low-dosed lithium has a short-time effect on total bacterial load of the intestine ..........cccoceuevevreunecs

48
49
52

54
54
54
56
56
58
58
60

61

63

66

66

72

75
75
77
77
78
80
82
85

87
87
88
89
89

91

3.9.2 The bacterial abundance & B-diversity of the intestinal microbiota are largely unaffected by lithium 92

3.9.3 Lithium alters L. plantarum in-vitro growth

95



4. Discussion 96

4.1 Lithium affects sodium homeostasis in D. melanogaster 96
4.2 Perception of lithium & appetite regulation 97
4.3 Role of list as a lithium-responsive gene 98
4.4 The impact of lithium on the life span of D. melanogaster 99
4.4.1 Lithium mimics effects of dietary sucrose on survival in D. melanogaster ..................cccevvveereverenne 99
4.4.2 The potential role of Mad in longevity-promoting effects of lithium & dietary sucrose................... 102
4.4.3 Impact of low-dosed lithium on gene expression in D. melanogaster heads. 106
4.4.4 The impact of lithium on lipid and carbohydrate metabolism 107
4.4.5 Potential feed intake & lithium-accumulation bias 110

4.5 Lithium stimulates female fertility in D. melanogaster 111
4.5.1 Potential involvement of insulin, Akt & Shaggy 112
4.5.1.1 Niche signaling, Germline stem cell maintenance and division rate 114

4.5.1.2 Vitellogenesis 115

4.5.1.3 Oogenic glycogen accumulation 116

4.5.1.4 Choriogenesis 116

4.5.2 A potential role of lithium in female reproduction 117

4.6 The intestinal microbiota is largely unaffected by lithium 119
4.7 Lithium decouples life history traits in D. melanogaster 120
5. Conclusion 122
6. References 124
7. Appendix 151
Danksagung 200
Curriculum Vitae 201

Publications 202




