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Gonçalo J. L. Bernardes, Justin M. Chalker, and Benjamin G. Davis

3.1 Introducing Diversity by Posttranslational Modification 59
3.2 Chemistry: A Route to Modified Proteins 60
3.3 Challenges in Chemical Protein Modification 61
3.4 Traditional Methods for Protein Modification 61
3.4.1 Lysine Modification 62
3.4.1.1 Activated Esters 62
3.4.1.2 Isocyanates and Isothiocyanates 62
3.4.1.3 Reductive Alkylation 62
3.4.1.4 IME Reagents 63
3.4.2 Glutamic and Aspartic Acid Modification 64
3.4.3 Cysteine 64
3.4.3.1 Alkylation 65
3.4.3.2 Disulfides 66
3.4.3.3 Desulfurization at Cysteine 67
3.5 Recent Innovations in Site-Selective Protein Modification 70
3.5.1 Dehydroalanine: A Useful Chemical Handle for Protein

Conjugation 71
3.5.2 Metal-Mediated Protein Modification 71
3.5.2.1 Modification at Natural Residues 72
3.5.2.2 Iridium-Catalyzed Reductive Alkylation of Lysine 74
3.5.2.3 Modification of Unnatural Residues 74
3.5.2.4 Olefin Metathesis at S-Allyl Cysteine 77
3.5.3 Metal-Free Methods for Modifying Unnatural Amino Acids 78
3.5.3.1 Oxime Ligation at Aldehydes and Ketones 78



Contents VII

3.5.3.2 Azide and Alkyne Modification 79
3.5.3.3 Selective Modification of Tetrazole-Containing Proteins 80
3.5.3.4 Tetrazine Ligation 81
3.5.4 Dual Modification 81
3.6 Conclusion and Outlook 81

References 82

Part II Drug Delivery 93

4 Vitamin B12: A Potential Targeting Molecule for Therapeutic Drug
Delivery 95
Pilar Ruiz-Sánchez

4.1 Introduction 95
4.2 Transport Mechanism 96
4.3 Metabolism of B12 97
4.3.1 Adenosylcobalamin-Dependent Reactions 97
4.3.2 Methylcobalamin-Dependent Reactions 99
4.4 Vitamin B12 Derivatives 99
4.4.1 Structure 99
4.4.2 b-, d-, e-Cobalamin Derivatives 99
4.4.3 Modifications on the Ribose Moiety 101
4.4.4 β-Axial Position 102
4.4.4.1 Cobalamin Alkylation 102
4.4.4.2 Heterodinuclear Concept 103
4.5 Outlook 108

Acknowledgments 108
References 109

5 Strategies for Microsphere-Mediated Cellular Delivery 117
Rosario M. Sanchez-Martin, Lois M. Alexander, Juan Manuel
Cardenas-Maestre, and Mark Bradley

5.1 Introduction 117
5.1.1 Cellular Delivery 117
5.1.2 Delivery Devices 117
5.1.2.1 Liposomes 117
5.1.2.2 Cell-penetrating Peptides 118
5.1.2.3 Dendrimers 118
5.1.2.4 Nanomaterials 118
5.2 Microspheres 119
5.2.1 Biodegradable Microspheres 119
5.2.1.1 Preparation 119
5.2.2 Biostable Microspheres 120
5.2.2.1 Applications of Biostable Microspheres 120
5.2.2.2 Preparation 120
5.2.3 Microspheres and Solid-phase Chemistry 121



VIII Contents

5.2.3.1 Preparation of Microspheres 121
5.2.3.2 Fmoc Chemistry on Microspheres 121
5.2.3.3 Dual Functionality of Microspheres 122
5.2.3.4 Coupling Agents 124
5.2.4 Noncleavable Link to Microspheres 126
5.2.4.1 Microsphere-based Intracellular Sensing 126
5.2.4.2 siRNA Delivery 127
5.2.5 Cleavable Linkers 130
5.2.5.1 Ester Bonds 130
5.2.5.2 Disulfide Bonds 132
5.2.6 Bioconjugation 133
5.2.6.1 Streptavidin–Biotin 134
5.3 Future Perspectives 135

Acknowledgments 135
References 135

Part III Research in Therapeutics 141

6 Fundamental Processes in Radiation Damage to DNA: How Low-Energy
Electrons Damage Biomolecules 143
Ilko Bald

6.1 Radiation Damage and the Role of Low-Energy Electrons 143
6.1.1 How Chemical Bonds are Broken by Low-energy Electrons 145
6.1.2 DEA Studies of Gas-Phase DNA Building Blocks: The

Nucleobases 147
6.2 DEA Studies on Model Compounds for the DNA Backbone 148
6.2.1 Electron Attachment to d-Ribose 148
6.2.2 Cross-Ring Cleavage of d-Ribose Proceeds with Selective Charge

Retention 150
6.2.3 The Nature of the Transient Negative d-Ribose Anions 154
6.2.4 One Step Further: Tetraacetyl-d-Ribose 155
6.2.5 The Use of Laser-Induced Acoustic Desorption (LIAD) to Study DEA to

Larger Biomolecules 159
6.2.6 Sugar–Phosphate Cleavage Induced by 0 eV Electrons: DEA to

d-Ribose-5′-Phosphate 159
6.3 Outlook and Future Prospects 161

Acknowledgments 162
References 163

7 Structure-Based Design on the Way to New Anti-infectives 167
Anna Katharina Herta Hirsch

7.1 Introduction 167
7.2 Isoprenoids and the Nonmevalonate Pathway 169
7.2.1 4-Diphosphocytidyl-2C-methyl-d-erythritol Kinase (IspE) 170
7.2.2 Structure of IspE 170



Contents IX

7.2.3 Active Site of IspE 170
7.3 Targeting the CDP-Binding Pocket of IspE 174
7.3.1 Design 174
7.3.1.1 Possible Ribose Analogues 175
7.3.1.2 Design of the Vector 176
7.3.2 Optimization of the Ribose Analogue 176
7.3.3 Importance of the Vector 178
7.3.4 Optimization of the Filling of the Small, Hydrophobic Pocket 179
7.3.4.1 The ‘‘55% Rule’’ 179
7.3.4.2 Evaluation of Inhibitors Featuring Different Sulfone

Substituents 180
7.3.5 Summary of the First-Generation Inhibitors 182
7.4 X-ray Cocrystal Structure Analysis 182
7.4.1 Design of Water-Soluble Inhibitors 182
7.4.2 Enzyme Assays of Inhibitors Designed to be Water Soluble 183
7.4.3 Structural Analysis 184
7.4.4 Lessons Learnt from the Cocrystal Structure 185
7.5 Conclusions and Outlook 185
7.5.1 Conclusions 185
7.5.2 Outlook 186

Acknowledgments 186
List of Abbreviations 186
References 187

8 Drug–Membrane Interactions: Molecular Mechanisms Underlying
Therapeutic and Toxic Effects of Drugs 191
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