Barbara Elisabeth Hubrich (Autor)
Synthesis of Model Systems for SNARE Mediated

Membrane Fusion Based on PNA/PNA Base Pair
Recognition

Barbara Elisabeth Hubrich

Synthesis of Model Systems for SNARE
Mediated Membrane Fusion Based on
PNA/PNA Base Pair Recognition

Fusion

https://cuvillier.de/de/shop/publications/7768

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



Contents

1. Introduction 1
2. Membranes and Membrane Fusion 5
2.1. The Structure of Biological Membranes . . . . ... ... ... ..... 5
2.2. Concepts of Membrane Fusion . . . . . ... ... ... ......... 7
2.3. Neuronal Exocytosis . . . . . .. . . . ... .. 9
24. FusionProteins . . . . . . .. .. 11
24.1. OVerview . . . . . ..o e 11

2.4.2. The Structure of SNARE Proteins . . . . . ... ... ...... 13

2.4.3. The Presumed Functioning of SNARE Proteins . . . . . ... .. 15

2.5. Model Systems for the SNARE Mediated Membrane Fusion . . . . . .. 24
2.6. How to Monitor Liposome Fusion In Vitro . . . . . . .. .. ... .... 29
2.6.1. Bulk Lipid Mixing Assays . . . . . . . ... .. ... ..... 30

2.6.2. Fluorescence Cross-Correlation Spectroscopy . . . . . . . . . .. 33

2.6.3. Dynamic Light Scattering . . . . ... ... ... ........ 36

3. Design and Synthesis of the Model Peptides 37
3.1. Principles and Rational Design of the Peptides . . . . . . ... ... ... 37
3.2. Synthesis of Alanyl-PNA Monomers . . . . . . ... .. ... .. .... 42
3.3. Coupling Behavior of the Alanyl-PNA Monomers . . . . . . ... .. .. 45
3.4. Synthesis of PNA/Peptide Hybrid Sequences . . . . . . ... ... ... 47

4. Fusion Assays 55
4.1. Preparation of Liposomes . . . . . . . .. .. ... ... ......... 55
4.2. Description of the Employed Lipid Mixing Assays . . . . . . ... ... 57
4.3. Total Lipid Mixing Assays . . . . . . . . . . . oo 62
4.3.1. The Influence of Peptide and Lipid Concentration . . . . . . . . . 62

4.3.2. TheInfluenceof DOPS . . . . . . .. ... ... ... ...... 64

4.3.3. The Influence of the Peptide Structure . . . . . . ... ... ... 65

vii

Dieses Werk ist copyrightgeschutzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fur den personlichen Gebrauch.



Contents

viii

4.3.4. TLM Assays at High Concentrations of Peptides 11+12 . . . . .

4.3.5. Control Experiments . . . . . ... ... ... ... .......

4.3.6. Comparison of Quenching and Dequenching Assays . . . . . . .

4.3.7. Estimated Stoichiometry of Liposome Interactions . . . . . . ..
4.4. Inner Lipid Mixing Assays . . . . . . . . . o v v i e
4.5. Fusion Monitored with Fluorescence Cross-Correlation Spectroscopy

4.6. Fusion Monitored with Dynamic Light Scattering . . . . . .. ... ...
Conclusions

Experimental Section
6.1. General Equipment and Methods . . . . . . .. ... ... ... ..
6.2. Chromatographic Methods . . . . . . ... ... ... ... .......
6.3. Spectroscopic Methods . . . . . ... ... Lo
6.4. Synthesis of the Alanyl-PNA Building Blocks . . . . .. ... ... ...
6.4.1. Determination of Enantiomeric Purity . . . . . . ... ... ...
6.4.2. Detailed Synthetic Procedures . . . . . ... ... ... .....
6.5. Peptide Synthesis . . . . . . . ... L L L
6.5.1. Loading of First Amino Acid . . . . . ... ... ... ......
6.5.2. Determination of Resin Loading . . . . . .. ... ... .. ...
6.5.3. Automated Solid-Phase Peptide Synthesis . . . . . . . ... ...
6.5.4. Manual SPPS for Attachment of PNA Monomers . . . . . . . ..
6.5.5. Cleavage from Resinand Work-Up . . . .. ... ... ... ..
6.5.6. Attempts for Purification of Model Peptides . . . . . . ... ...
6.5.7. Synthesized Model Peptide Sequences . . . . . . ... ... ...
6.6. Fusion Assays . . . . . . . . ..o e
6.6.1. General Remarks . . . . ... ... ... ... . 0L
6.6.2. Preparation of Lipid Films via Direct Mixing . . . . . .. .. ..
6.6.3. Preparation of Lipid Films via Detergent Removal . . . .. . ..
6.6.4. Preparation of Liposomes via Extrusion . . . . . ... ... ...
6.6.5. Phosphate Test for Quantification of Phospholipids . . . . . . . .
6.6.6. Examination of Liposome Fusion with TLM Assays . .. . . ..
6.6.7. Examination of Liposome Fusion with [ILM Assays . . . . . . ..
6.6.8. Examination of Liposome Fusion with FCCS . . . . ... .. ..

6.6.9. Examination of Liposome Fusion withDLS . . . . . . .. .. ..

Dieses Werk ist copyrightgeschutzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fur den personlichen Gebrauch.



Contents

A. Appendix 151
A.1. Additional Chromatograms Obtained From HPLC and SEC . . . . . . . . 151
A.2. Individual Fusion Curves From TLM Dequenching Assays . . . . . . . . 153
A.3. Additional DLSData . . . . .. ... ... .. ... .. .. ... ..., 154
A.4. Estimating the Number of Lipids and Model Peptides per Liposome . . . 155

List of Abbreviations 157

Bibliography 160

ix

Dieses Werk ist copyrightgeschutzt und darf in keiner Form vervielfaltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fur den personlichen Gebrauch.



