CONTENTS

Contributors
Preface

1. Encapsulating Proteins in Nanoparticles: Batch by Batch
or One by One

i Liu and Acneng Cao

Introduction

Batch-by-Batch” Encapsulation of Froteins in Silica NPs
“Cne-by-One” Encapsulation of Pratelns in NPs

. Summary and Cutlook

Acknmvledgments

References

P oW

2. Enzyme Adsorption on Nanoparticle Surface Probed
by Highly Sensitive Second Harmonic Light Scattering

Anindita Das, Abhijit Chakrabarti, and Puspendu K. Das

Intreduction

Technigues for Probing Nancparticle-Protein Interaction
Second Harmonic Light Scattering

Sample Preparation

Interaction of ADH With GMPs

Interaction of Insulin With GhPs

Stolchiometry of the Protein-GNP Conjugate

Surmrmary and Future Qutiook

A{knwredgment

References

e B Al

3. Armoring Enzymes by Metal-Organic Framewnrks
by the Coprecipitation Method

Miao Hou and Jun Ge

Introduction
Equipment
Materials
Protocol
Safety

ok w2

xi

14
24
28
28

33

34
£l
37
43
45
a0
a0
52
53
53

59

53

65
65




vi

Contenits

6. Stepl: Preparation of Enzyme@MOF

7. Step2 Preparation of Buffers

B. Stepd: Purification of the Product

9, Step4: Characterization of Enzyme@MOF

10. StepS: Measurement of Enzyme Loading in MOFS
11. Steps: Analysis of the Location of Enzymes in MOFS
12, Step7: Determination of Enzyme Activities

13. Conclasions

References

4. Enzyme Armoring by an Organosilica Layer: Synthesis and
Characterization of Hybrid Organic/Inorganic Nanobiocatalysts

M. Rita Correro, Sabine Sykora, Philippe F.-X. Corvini,
and Patrick Shahgaldian

Introduction

Equiprnents and Chernicals
Safety Guidelines
Procedures

. Conclusions
Acknowledgments

References

ook

5. Strategies for Biophysical Characterization of Protein-Polymer
Conjugates
Cameron Williams, Melissa L. Dougherty, Katherine Makaroff,
Jacob Stapleton, Dominik Konkolewicz, Jason A. Berberich,
and Richard C, Page

1. Introduction

2. Biophysical Methods
3. Conclusions
Acknowledgrments
References

6. Guide to the Preparation of Molecularly Imprinted Polymer
Manoparticles for Protein Recognition by Solid-Phase Synthesis

Jingjing Xu, Paulina ¥. Medina-Rangel, Karsten Haupt,
and Bernadette Tse Sum Bui
1. Imtroduction

2. Protocols
3. Physicochemical Characterization of MIP-NPs

66
&7
&9
&3
i
7
72
73
74

77

115

1&
120
128




Contents wili

4. Evaluation of the Binding Characteristics of MIP-MPs Using

a Quartz Crystal Microbalance 129

5. MIP-NPs Protect Enzyme From Thermal and pH Denaturation 133

. 6. Concluding Remarks 136
f 7. Notes 136
Acknowledgments 139

References 139

7. Armored Urease: Enzyme-Bioconjugated Poly{acrylamide)
Hydrogel as a Storage and Sensing Platform 143

Konda R. Kunduru, S.N. Raju Kutcherlapati, Dhamodaran Arunbabu,
and Tushar Jana

1. Introduction 144
2. Reversible Immaobilization 146
3. lack Bean Urease; Active Site 147
4. Immobilization of Jack Bean Urease 148
5. Methodology 150
6. Results and Discussion 157
7. Conclusions and Future Perspectives 165
Acknowledgments 166
References 166

8. Armored Enzyme-Nanchybrids and Their Catalytic
Function Under Challenging Conditions 169

Omkar V. Zore, Rajeswari M. Kasi, and Challa V. Kumar

1. Intreductian 170
2. Methods: Synthesis of Bienzyme-Palymer Conjugates 175
3. Methods: Synthesis of Bienzyme-Polymer-Graphene Oxide

(GOx-HRP-PASGD) Hybrid Materials 177
4. Characterization 179
5. Conclusions 188
Acknowledgrments 180
References ' 190

9. Approaches for Conjugating Tailor-Made Polymers to Proteins 193
Matthew Paeth, Jacob Stapleton, Melissa L. Dougherty, Henry Fischesser,
Jerry Shepherd, Matthew McCauley, Rebecca Falatach, Richard C. Page,
Jason A, Berberich, and Dominik Konkolewicz

1. Introduction 154
2. Polymer Synthetic Procedures 200
3, Protein Conjugation Methods—Amine Based 208




willi Contents

4, Palymer Conjugation by GT Using Click Approaches 214
5. Conjugate Characterization Methods 215
6. Conclusions 219
References 219

10. NanoArmoring of Enzymes by Polymer-Functionalized
Iron Oxide Nanoparticles 225

Gayan Premaratne, Leslie Coats, and 5adagopan Krishnan

1. Introduction 226
2. MancArmoring by Making Polymer—-Enzyme Conjugates 220
3. MNP-Polymer-Enzyme Conjugates 230
4, Covalent vs Noncovalent Immaobilization of Peroxidase Active

Proteins on PolyMiPs, What Difference Does It Make in the

Electrocatalytic Activity and Kinetics? 243
5, Effect of MNP Size on Activity and Recovery of GOx

[Park, McConmell, Boddohi, Kipper, & Jahnson, 2011) 249
6. Summary 253
7. Future Qutlock 253
Acknowledgments 254
References 254

11, Expression of Cellulolytic Enzyme as a Fusion Protein
That Reacts Specifically With a Polymeric Scaffold 259

Priva Katyal, Yongkun Yang, Clga Vinogradova, and Yao Lin

1. Intraduction 260
2. Materials 265
3. Methods 265
4, Future Outlook 274
Acknowledgments 274

. References 274

12. Nanoarmoring of Proteins by Conjugation to Block
Copolymer Micelles 277

Nisaraporn Suthiwangcharoen and Ramanathan Magarajan

1. Introduction 278
2. Synthesis of Block Copolymer—Prateln (BSA) Conjugate 284
3. Characterization of Block Copolyrmer—Protein Conjugate 290
4. Characterization of Protein-Polymer Conjugate Micelle 298
5. Conclusions 302
Acknowledgments 302

References 362 e




E-2

Contents i

13. Semisynthetic Enzymes by Protein-FPeptide Site-Directed
Covalent Conjugation: Methods and Applications 305

Jose M. Palomo

1. Introduction 306
2, Proteln-Peptide Site-Directed Covalent Conjugation 307 :
3. The New Semisyrthetic Lipases in Biotransformaticns E R
4, Conclusions 315
Acknawledgments 315
References 315

14. Transgultaminase-Mediated Nanoarmoring of Enzymes
by PEGylation N7

Antonella Grigoletto, Anna Mero, Katia Maso, and Gianfranco Pasut

1. Introduction 38
2. Materials and Reagents N
3. Methods 324
References 345

15. Polymer-Based Protein Engineering: Synthesis and
Characterization of Armored, High Graft Density
Polymer-Protein Conjugates 347

Sheiliza Carmali, Hironobu Murata, Chad Cummings,
Krzysztof Matyjaszewski, and Alan I, Russel|

1. Introduction 148
2. Protocols 357
3. Protein—Polymer-Based Engineering 70
4, Conclusions 375 i
Acknowledgment 375 :
References 375

16. Nano-Armoring of Enzymes: Rational Desngn
of Polymer-Wrapped Enzymes 381

Kishore Raghupathi and Sankaran Thayumanavan

1. Intreduction 382
2. Covalent Conjugation 3e3
3. Electrostatic Complexation 393
4. Mencovalent Entraprnent 40
5. Conclusions 408
Acknowledgments 405

References 400




X Corments

17. Nanoarmored Enzymes for Organic Enzymology: Synthesis and
Characterization of Poly(2-Alkyloxazoline)-Enzyme Conjugates

Melanie Leurs and Joerg C. Tiller

Introduction

Synthesis of Poly(2-Alkyloxazoline)s With an NH; End Group
Conjugation of Enzymes With Poly(2-Alkyloxazoline)s

Conjugate Characterization

Acthvity Evaluation of Paly(2-Alkyloxazoline)-Enzyme Conjugates
Conclusions

Acknowledgrnents

References

o b b

18. Preparation and Applications of Dendronized Polymer-Enzyme
Conjugates

Andreas Kiichler, Daniel Messmer, A. Dieter Schiiiter, and Peter Walde

Intreduction

The Denpol de-PG2

The Denpol-Enzyme Conjugate de-PG2-BAH-prok,

Synthesis and Characterization of Denpols Carrying Other Types of Enzymes
Immobilization of de-PG2-BAH-prok on Silicate Surfaces

Entrapment of Denpol-Enzyme Conjugates Inside Phospholipid Vesicles

7. Conclusions and Qutlook

Acknowledgments

References

L L e

19. Nanoarmoring of Enzymes by Interlocking in Cellulose Fibers
Wwith Poly(Acrylic Acid)

Caterina M. Riccardi, Rajeswarl M, Kasi, and Challa V. Kumar

Introductian

Equipment and Reagents
Methods

Conchasions
.ﬁ.cknowLedgments
References

Pwon oo

Author Index
Subfect index

3

414
416
424
427
438

441
441

468
468
471
471
473
473

475

476
482

498
499
499

501
527




