
Table of Contents
Chapter Page

Acknowledgements v

Abstract (english) vii

Zusammenfassung (deutsch) ix

Table of Contents xi

List of Abbreviations xvii

1. Introduction 1

1.1 The Primary Plant Cell Wall 1

1.2 Xyloglucans 3

1.2.1 Structure of xyloglucans 3

1.2.2 Biochemistry of xyloglucan 10

1.2.2.1 Biosynthesis of xyloglucan 10

1.2.2.2 Macromolecular organization of xyloglucan 12

1.2.2.3 Metabolism of xyloglucan 13

1.2.3 Structural characterization of xyloglucan 18

1.2.3.1 Solubilization of xyloglucans 18

1.2.3.2 Purification of xyloglucans and xyloglucan oligosaccharides 19

1.2.3.3 Structural analysis of xyloglucans and xyloglucan oligosaccharides 
using chemical methods 21

1.2.3.4 Structural analysis of xyloglucans and xyloglucan oligosaccharides 
using enzymatic methods 22

1.2.3.5 Structural analysis of xyloglucans and xyloglucan oligosaccharides 
using spectroscopic methods 23

1.2.3.6 Analysis of xyloglucans in muro 24

1.3 Significance of research 25

2. Materials and Methods 27

2.1 Reagents and General Laboratory Equipment 27

http://d-nb.info/95554579X


Chapter Page

2.2 Colorimetric Assays 27

2.2.1 Anthrone assay for hexoses 27

2.2.2 m-Hydroxybiphenyl assay for uranic acids 27

2.2.3 p-Hydroxybenzoic acid hydrazine assay for reducing sugars 28

2.2.4 Iodine staining assay for XG 28

2.3 Enzyme Characterization Methods 28

2.3.1 Protein determination 28

2.3.2 Gel-electrophoresis of sodium dodecyl-sulfate-denatured protein 
(SDS-PAGE) 28

2.3.3 Enzyme assays 29

2.3.4 Purification of recombinant XG specific encfo-p-1,4-glucanase (XEG) 30

2.3.5 Determination of the kinetic constants of the XEG 30

2.3.6 Effect of pH and temperature on activity and stability of the XEG 30

2.3.7 Measurement of transferase activity of the XEG 31

2.3.8 Nucleotide sequence analysis of the XEG 31

2.4 Saeman Hydrolysis 31

2.5 Monosaccharide Composition Analysis 32

2.6 Generation of Xyloglucan Oligosaccharides 33

2.6.1 Plant material 33

2.6.1.1 Pea stems (Pisum sativum L.) 33

2.6.1.2 Arabidopsis leaves (Arabidopsis thaliana L.) 34

2.6.1.3 Bean (Phaeseolus vulgaris var cannolino) cell cultures 34

2.6.1.4 Arabidopsis (Arabidopsis thaliana L. var Columbia) cell cultures 35

2.6.2 Solubilization of XG and generation of XGOs 35

2.6.2.1 XG/XGOs from tamarind seeds (Tamarindus indicus L.) 35

2.6.2.2 XG/XGOs from cell culture medium 36

2.6.2.3 XGOs from plant cell wall tissue or suspension-cultured cells 36

2.7 De-O-acetylation of XG/XGOs 38



Chapter Page

2.8 XG Binding to Cellulose 39

2.9 Formation of N-(p-Nitrobenzyloxy)Amino Alditols (PNB) Derivatives of XGOs 39

2.10 Liquid Chromatography 40

2.10.1 Anion-exchange chromatography 40

2.10.2 Gel permeation chromatography (GPC) 40

2.10.3 Reversed-phase chromatography 41

2.11 Mass Spectrometry (MS) 42

2.11.1 Matrix assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS 42

2.11.2 Electrospray-MS (ES-MS) 43

2.12 Nuclear Magnetic Resonance (NMR) Spectroscopy 43

2.12.1 Enzymatic digest 43

2.12.2 1D’H-NMR spectra 44

2.12.3 2D homonuclear [1H,1H] correlated spectra (1H,1H-COSY) 44

3 Results and Discussion 47

3.1 Development of Methods for the Extraction and Structural Elucidation of 
Xyloglucan 47

3.1.1 Overview of XG extraction 48

3.1.1.1 Cell wall preparation 48

3.1.1.2 Generation of XGOs by treatment with a cellulase (endo-(J-1,4-glucanase) 48

3.1.1.3 Generation of XGOs by extraction with KOH 48

3.1.2 The introduction of an XEG 50

3.1.2.1 Purification of the XEG 50

3.1.2.2 Enzymatic properties of the XEG 53

3.1.2.3 Solubilization of XGOs from primary plant cell wall with XEG 71

3.1.2.4 Comparison of XEG to other endo-p-1,4-glucanases (EGs) 72

3.1.2.5 Summary of the XEG 77



Chapter Page

3.1.3 XGOs present in the cell wall of etiolated pea stems are O-acetylated 78

3.1.3.1 XGOs generated from bean cell culture (BEPS-XGOs) 80

3.1.3.2 Purification of O-acetylated BEPS-XGOs 82

3.1.3.3 NMR-analysis of O-acetylated XGOs 84

3.1.3.4 Studies on the function of the O-acetate group on XG 91

3.1.3.5 Summary and discussion of the acetates on XG 100

3.1.4 Quantitation of XGOs from the cell wall of etiolated pea stem tissue 102

3.1.4.1 Evaluation of different depectination methods 102

3.1.4.2 Quantitation of solubilized XGOs 105

3.1.4.3 Extraction of XGOs from stem cell walls of etiolated peas 112

3.1.4.4 Quantitation of residual XGs in the cell wall using Saeman hydrolysis 114

3.1.4.5 Oligosaccharide subunit composition of the solubilized XGOs using 
derivatization with p-nitrobenzylhydroxylamine (PNB) 116

3.1.4.6 Summary of the quantitation methods 124

3.1.5 Conclusion for XG-extraction 126

3.2 Application of the Developed Tools 129

3.2.1 The macromolecular organisation of XGs in the primary cell wall

129

3.2.1.1 Studies on different XG domains in the cell wall 129

3.2.1.2 XG subunit composition of the XG domains 140

3.2.1.3 A model for XG/cellulose network and interaction 141

3.2.2 XGs in growing versus non-growing tissue (for example, pea stem) 149

3.2.2.1 Etiolated pea stems 149

3.2.2.2 Light-grown pea stems 155

3.2.2.3 Metabolism of XGs during plant cell growth 159

3.2.3 XG in Arabidopsis (Arabidopsis thaliana L.) 166

3.2.3.1 XGOs isolated from leaves of WT and mur1 Arabidopsis plants 166



Chapter Page

3.2.3.2 XGOs in mur1 suspension-cultured cells 175

3.2.3.3 XGOs in WT suspension-cultured cells 187

3.2.3.4 The importance of L-fucose in XGs 193

3.2.3.5 Differences in XG structure in planta and in cultura 194

3.2.3.6 Differences in XG metabolism in light- versus dark-grown cell 
cultures 196

4. Conclusion 199

5. References 205

Curriculum vitae 229


