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Nanotechnology is a subject that continues to attract considerable public interest, not all of 
it favorable. Indeed, nanoparticles themselves can, in certain cases, such as those associated 
with diesel emissions, be considered harmful. However, there are an increasing number of 
examples of the beneficial deployment of nanoparticles for a variety of different applications 
ranging from their use in medicine to create novel diagnostics or therapies through to the 
design and fabrication of nano-scale electronic devices.

One prerequisite for any application involving nanoparticles is the availability of a 
source of the particles with consistent size and properties; it is also highly desirable that the 
properties should be modifiable in a controlled manner. Biologically produced nanoparti-
cles, such as viruses and virus-like particles (VLPs), have these desirable features. In addi-
tion, virus particles and VLPs, often collectively known as viral nanoparticles (VNPs), are in 
many cases capable of self-assembly, are generally biocompatible, and may be modified 
genetically as well as chemically. Due to these features, it is therefore unsurprising that they 
have attracted considerable attention for use as nanoparticles for a number of applications 
and are now being introduced into “real-world” fabrication processes.

In this volume, we have assembled protocols for the use of VNPs for a number of dif-
ferent applications. The protocols have been divided into three parts: Part I concerns the 
production of a variety of VNPs derived from plant, animal, and bacterial viruses using both 
prokaryotic and eukaryotic expression systems; it also includes protocols for the incorpora-
tion of the VNPs into supramolecular structures. Part II includes protocols for the encap-
sulation of heterologous materials within VNPs, essentially using them as nano-containers. 
Part III describes the modification of the outer surface of VNPs, combined approaches, and 
how such modified VNPs can be developed into functional entities. Inevitably, there is a 
certain degree of arbitrariness in the assignment of a given chapter into a particular part of 
this volume but we feel that it is, nonetheless, useful. We anticipate that those interested in 
using VNPs will be able to “mix and match” the technologies described to achieve the 
particular result they require.

Finally, we would like to offer our sincerest thanks to all the authors of the various 
chapters that have made this volume possible. We commend you for your attention to detail 
in the preparation of the protocols and, particularly, for your forbearance regarding the 
length of time that it has taken to produce the final version of this volume. We also thank 
Anke Liedek and Kerstin Ruoff for their excellent help with the editing of the contribu-
tions, John M.  Walker for his continuous supportive advice, and all those at Springer 
involved in the publication process.

Stuttgart, Germany Christina Wege 
Norwich, UK  George P. Lomonossoff 

Preface



vii

Preface  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .    v
Contributors  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .    xi

Part I PreParIng VIrus and VIrus-derIVed nanoarchItectures  
as contaIners, carrIer scaffolds, and structure-dIrectIng 
agents: from PartIcles to functIonal suPer-assemblIes

 1 Production of Mosaic Turnip Crinkle Virus-Like Particles Derived  
by Coinfiltration of Wild-Type and Modified Forms of Virus Coat  
Protein in Plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    3
Roger Castells-Graells, George P. Lomonossoff, and Keith Saunders

 2 Isolation and Characterization of Two Distinct Types of Unmodified  
Spherical Plant Sobemovirus-Like Particles for Diagnostic  
and Technical Uses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   19
Ina Balke, Gunta Reseviča, and Andris Zeltins

 3 RNA-Directed Assembly of Tobacco Mosaic Virus (TMV)-Like Carriers 
with Tunable Fractions of Differently Addressable Coat Proteins. . . . . . . . . . . .   35
Sabine Eiben

 4 Fabrication of Tobacco Mosaic Virus-Like Nanorods for Peptide Display  . . . . .   51
Emily J. Larkin, Adam D. Brown, and James N. Culver

 5 In Planta Production of Fluorescent Filamentous Plant Virus-Based  
Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   61
Sourabh Shukla, Christina Dickmeis, Rainer Fischer, Ulrich Commandeur, 
and Nicole F. Steinmetz

 6 Self-Assembling Plant-Derived Vaccines Against Papillomaviruses  . . . . . . . . . . .   85
Emanuela Noris

 7 Recombinant Expression of Tandem-HBc Virus-Like Particles (VLPs)  . . . . . . .   97
Sam L. Stephen, Lucy Beales, Hadrien Peyret, Amy Roe, Nicola J. Stonehouse, 
and David J. Rowlands

 8 Production and Application of Insect Virus-Based VLPs . . . . . . . . . . . . . . . . . .  125
Radhika Gopal and Anette Schneemann

 9 Nanomanufacture of Free-Standing, Porous, Janus-Type Films  
of Polymer–Plant Virus Nanoparticle Arrays  . . . . . . . . . . . . . . . . . . . . . . . . . . .  143
Brylee David B. Tiu, Rigoberto C. Advincula, and Nicole F. Steinmetz

10 Self-Assembly of Rod-Like Bionanoparticles at Interfaces and in Solution . . . . .  159
Ye Tian and Zhongwei Niu

11 Bottom-Up Assembly of TMV-Based Nucleoprotein Architectures  
on Solid Supports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169
Christina Wege and Fabian J. Eber

Contents

https://doi.org/10.1007/978-1-4939-7808-3_16
https://doi.org/10.1007/978-1-4939-7808-3_16
https://doi.org/10.1007/978-1-4939-7808-3_1
https://doi.org/10.1007/978-1-4939-7808-3_1
https://doi.org/10.1007/978-1-4939-7808-3_1
https://doi.org/10.1007/978-1-4939-7808-3_1
https://doi.org/10.1007/978-1-4939-7808-3_2
https://doi.org/10.1007/978-1-4939-7808-3_2
https://doi.org/10.1007/978-1-4939-7808-3_2
https://doi.org/10.1007/978-1-4939-7808-3_2
https://doi.org/10.1007/978-1-4939-7808-3_3
https://doi.org/10.1007/978-1-4939-7808-3_3
https://doi.org/10.1007/978-1-4939-7808-3_3
https://doi.org/10.1007/978-1-4939-7808-3_4
https://doi.org/10.1007/978-1-4939-7808-3_4
https://doi.org/10.1007/978-1-4939-7808-3_5
https://doi.org/10.1007/978-1-4939-7808-3_5
https://doi.org/10.1007/978-1-4939-7808-3_5
https://doi.org/10.1007/978-1-4939-7808-3_6
https://doi.org/10.1007/978-1-4939-7808-3_6
https://doi.org/10.1007/978-1-4939-7808-3_7
https://doi.org/10.1007/978-1-4939-7808-3_7
https://doi.org/10.1007/978-1-4939-7808-3_8
https://doi.org/10.1007/978-1-4939-7808-3_8
https://doi.org/10.1007/978-1-4939-7808-3_9
https://doi.org/10.1007/978-1-4939-7808-3_9
https://doi.org/10.1007/978-1-4939-7808-3_9
https://doi.org/10.1007/978-1-4939-7808-3_10
https://doi.org/10.1007/978-1-4939-7808-3_10
https://doi.org/10.1007/978-1-4939-7808-3_11
https://doi.org/10.1007/978-1-4939-7808-3_11
https://doi.org/10.1007/978-1-4939-7808-3_11


viii

Part II  functIonal comPounds In VIrus-based contaIners:  
from PreParatIon to aPPlIcatIons of hybrId nanoobjects

12 Internal Deposition of Cobalt Metal and Iron Oxide Within CPMV eVLPs. . . .  189
Alaa A. A. Aljabali and David J. Evans

13 Plant Virus-Based Nanoparticles for the Delivery of Agronomic Compounds 
as a Suspension Concentrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  203
Richard H. Guenther, Steven A. Lommel, Charles H. Opperman,  
and Tim L. Sit

14 Nanowires and Nanoparticle Chains Inside Tubular Viral Templates . . . . . . . . .  215
Kun Zhou and Qiangbin Wang

15 In Vitro-Reassembled Plant Virus-Like Particles of Hibiscus Chlorotic  
Ringspot Virus (HCRSV) as Nano-Protein Cages for Drugs . . . . . . . . . . . . . . .  229
Sek-Man Wong and Yupeng Ren

16 CCMV-Based Enzymatic Nanoreactors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  237
Mark V. de Ruiter, Rindia M. Putri, and Jeroen J. L. M. Cornelissen

17 Protocol for Efficient Cell-Free Synthesis of Cowpea Chlorotic Mottle  
Virus-Like Particles Containing Heterologous RNAs  . . . . . . . . . . . . . . . . . . . .  249
Rees F. Garmann, Charles M. Knobler, and William M. Gelbart

18 Packaging DNA Origami into Viral Protein Cages  . . . . . . . . . . . . . . . . . . . . . .  267
Veikko Linko, Joona Mikkilä, and Mauri A. Kostiainen

19 In Vitro Assembly of Virus-Derived Designer Shells Around Inorganic  
Nanoparticles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279
Stella E. Vieweger, Irina B. Tsvetkova, and Bogdan G. Dragnea

20 In Vivo Packaging of Protein Cargo Inside of Virus-Like Particle P22. . . . . . . .  295
Kimberly McCoy and Trevor Douglas

21 Encapsulation of Negatively Charged Cargo in MS2 Viral Capsids  . . . . . . . . . .  303
Ioana L. Aanei, Jeff E. Glasgow, Stacy L. Capehart, and Matthew B. Francis

22 Delivering Cargo: Plant-Based Production of Bluetongue Virus  
Core-Like and Virus-Like Particles Containing Fluorescent Proteins . . . . . . . . .  319
Eva C. Thuenemann and George P. Lomonossoff

Part III  functIons exPosed on VIrus backbones and combIned  
aPProaches: from fabrIcatIon to technIcal uses of hybrId  
PartIcles, fIlms, and materIals

23 Bioinspired Silica Mineralization on Viral Templates . . . . . . . . . . . . . . . . . . . . .  337
Christina Dickmeis, Klara Altintoprak, Patrick van Rijn, Christina Wege, 
and Ulrich Commandeur

24 Propagation and Isolation of Tobacco Mosaic Virus That Surface Displays  
Metal Binding and Reducing Peptides for Generation of Gold Nanoparticles  . .  363
Andrew J. Love and Michael E. Taliansky

25 TMV-Templated Formation of Metal and Polymer Nanotubes  . . . . . . . . . . . . .  383
Alexander M. Bittner

26 Semiconducting Hybrid Layer Fabrication Scaffolded by Virus Shells  . . . . . . . .  393
Petia Atanasova

Contents

https://doi.org/10.1007/978-1-4939-7808-3_12
https://doi.org/10.1007/978-1-4939-7808-3_12
https://doi.org/10.1007/978-1-4939-7808-3_13
https://doi.org/10.1007/978-1-4939-7808-3_13
https://doi.org/10.1007/978-1-4939-7808-3_13
https://doi.org/10.1007/978-1-4939-7808-3_14
https://doi.org/10.1007/978-1-4939-7808-3_14
https://doi.org/10.1007/978-1-4939-7808-3_15
https://doi.org/10.1007/978-1-4939-7808-3_15
https://doi.org/10.1007/978-1-4939-7808-3_15
https://doi.org/10.1007/978-1-4939-7808-3_16
https://doi.org/10.1007/978-1-4939-7808-3_16
https://doi.org/10.1007/978-1-4939-7808-3_17
https://doi.org/10.1007/978-1-4939-7808-3_17
https://doi.org/10.1007/978-1-4939-7808-3_17
https://doi.org/10.1007/978-1-4939-7808-3_18
https://doi.org/10.1007/978-1-4939-7808-3_18
https://doi.org/10.1007/978-1-4939-7808-3_19
https://doi.org/10.1007/978-1-4939-7808-3_19
https://doi.org/10.1007/978-1-4939-7808-3_19
https://doi.org/10.1007/978-1-4939-7808-3_20
https://doi.org/10.1007/978-1-4939-7808-3_20
https://doi.org/10.1007/978-1-4939-7808-3_21
https://doi.org/10.1007/978-1-4939-7808-3_21
https://doi.org/10.1007/978-1-4939-7808-3_22
https://doi.org/10.1007/978-1-4939-7808-3_22
https://doi.org/10.1007/978-1-4939-7808-3_22
https://doi.org/10.1007/978-1-4939-7808-3_23
https://doi.org/10.1007/978-1-4939-7808-3_23
https://doi.org/10.1007/978-1-4939-7808-3_24
https://doi.org/10.1007/978-1-4939-7808-3_24
https://doi.org/10.1007/978-1-4939-7808-3_24
https://doi.org/10.1007/978-1-4939-7808-3_25
https://doi.org/10.1007/978-1-4939-7808-3_25
https://doi.org/10.1007/978-1-4939-7808-3_26
https://doi.org/10.1007/978-1-4939-7808-3_26


ix

27 Dual Functionalization of Rod-Shaped Viruses on Single  
Coat Protein Subunits  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  405
Christina Wege and Fania Geiger

28 Drug-Loaded Plant-Virus Based Nanoparticles for Cancer Drug Delivery . . . . .  425
Michael A. Bruckman, Anna E. Czapar, and Nicole F. Steinmetz

29 Construction of Artificial Enzymes on a Virus Surface. . . . . . . . . . . . . . . . . . . .  437
Chunxi Hou and Junqiu Liu

30 Redox-Immunofunctionalized Potyvirus Nanoparticles for High-
Resolution Imaging by AFM-SECM Correlative Microscopy  . . . . . . . . . . . . . .  455
Agnès Anne, Arnaud Chovin, Christophe Demaille, and Thierry Michon

31 Presenting Peptides at the Surface of Potyviruses In Planta  . . . . . . . . . . . . . . . .  471
Flora Sánchez and Fernando Ponz

32 Engineering of M13 Bacteriophage for Development of Tissue  
Engineering Materials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  487
Hyo-Eon Jin and Seung-Wuk Lee

33 Displaying Whole-Chain Proteins on Hepatitis B Virus Capsid-Like Particles  . .  503
Julia Heger-Stevic, Philipp Kolb, Andreas Walker, and Michael Nassal

34 Dual-Functionalized Virus–Gold Nanoparticle Clusters for Biosensing  . . . . . . .  533
Carissa M. Soto and Walter J. Dressick

35 TMV-Based Adapter Templates for Enhanced Enzyme Loading in Biosensor 
Applications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  553
Claudia Koch, Arshak Poghossian, Christina Wege, and Michael J. Schöning

36 Integrated Methods to Manufacture Hydrogel Microparticles Containing  
Viral–Metal Nanocomplexes with High Catalytic Activity  . . . . . . . . . . . . . . . . .  569
Cuixian Yang, Eunae Kang, and Hyunmin Yi

37 Integrated Methods to Manufacture Hydrogel Microparticles  
with High Protein Conjugation Capacity and Binding Kinetics via  
Viral Nanotemplate Display  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  579
Sukwon Jung, Christina L. Lewis, and Hyunmin Yi

38 Interactions Between Plant Viral Nanoparticles (VNPs) and Blood  
Plasma Proteins, and Their Impact on the VNP In Vivo Fates . . . . . . . . . . . . . .  591
Andrzej S. Pitek, Frank A. Veliz, Slater A. Jameson, and Nicole F. Steinmetz

39 Fabrication of Plant Virus-Based Thin Films to Modulate the Osteogenic 
Differentiation of Mesenchymal Stem Cells. . . . . . . . . . . . . . . . . . . . . . . . . . . .  609
Kamolrat Metavarayuth, Huong Giang Nguyen, and Qian Wang

40 Dual Surface Modification of Genome-Free MS2 Capsids  
for Delivery Applications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  629
Ioana L. Aanei and Matthew B. Francis

41 Virus-Based Cancer Therapeutics for Targeted Photodynamic Therapy . . . . . . .  643
Binrui Cao, Hong Xu, Mingying Yang, and Chuanbin Mao

“Chapter 42” - an Afterword . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  653

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  659

Contents

https://doi.org/10.1007/978-1-4939-7808-3_27
https://doi.org/10.1007/978-1-4939-7808-3_27
https://doi.org/10.1007/978-1-4939-7808-3_27
https://doi.org/10.1007/978-1-4939-7808-3_28
https://doi.org/10.1007/978-1-4939-7808-3_28
https://doi.org/10.1007/978-1-4939-7808-3_29
https://doi.org/10.1007/978-1-4939-7808-3_29
https://doi.org/10.1007/978-1-4939-7808-3_30
https://doi.org/10.1007/978-1-4939-7808-3_30
https://doi.org/10.1007/978-1-4939-7808-3_30
https://doi.org/10.1007/978-1-4939-7808-3_31
https://doi.org/10.1007/978-1-4939-7808-3_31
https://doi.org/10.1007/978-1-4939-7808-3_32
https://doi.org/10.1007/978-1-4939-7808-3_32
https://doi.org/10.1007/978-1-4939-7808-3_32
https://doi.org/10.1007/978-1-4939-7808-3_33
https://doi.org/10.1007/978-1-4939-7808-3_33
https://doi.org/10.1007/978-1-4939-7808-3_34
https://doi.org/10.1007/978-1-4939-7808-3_34
https://doi.org/10.1007/978-1-4939-7808-3_35
https://doi.org/10.1007/978-1-4939-7808-3_35
https://doi.org/10.1007/978-1-4939-7808-3_35
https://doi.org/10.1007/978-1-4939-7808-3_36
https://doi.org/10.1007/978-1-4939-7808-3_36
https://doi.org/10.1007/978-1-4939-7808-3_36
https://doi.org/10.1007/978-1-4939-7808-3_37
https://doi.org/10.1007/978-1-4939-7808-3_37
https://doi.org/10.1007/978-1-4939-7808-3_37
https://doi.org/10.1007/978-1-4939-7808-3_37
https://doi.org/10.1007/978-1-4939-7808-3_38
https://doi.org/10.1007/978-1-4939-7808-3_38
https://doi.org/10.1007/978-1-4939-7808-3_38
https://doi.org/10.1007/978-1-4939-7808-3_39
https://doi.org/10.1007/978-1-4939-7808-3_39
https://doi.org/10.1007/978-1-4939-7808-3_39
https://doi.org/10.1007/978-1-4939-7808-3_40
https://doi.org/10.1007/978-1-4939-7808-3_40
https://doi.org/10.1007/978-1-4939-7808-3_40
https://doi.org/10.1007/978-1-4939-7808-3_41
https://doi.org/10.1007/978-1-4939-7808-3_41


xi

Ioana L. aaneI · Department of Chemistry, University of California, Berkeley, CA, USA; 
Materials Sciences Division, Lawrence Berkeley National Laboratories, Berkeley, CA, 
USA

RIgobeRto C. advInCuLa · Department of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH, USA; Department of Macromolecular Science and 
Engineering, Case Western Reserve University, Cleveland, OH, USA

aLaa a. a. aLjabaLI · Faculty of Pharmacy, Yarmouk University, Irbid, Jordan
KLaRa aLtIntopRaK · Department of Molecular Biology and Plant Virology, Institute of 

Biomaterials and Biomolecular Systems, University of Stuttgart, Stuttgart, Germany
agnès anne · Laboratory of Molecular Electrochemistry, CNRS-Université Paris Diderot, 

Paris, France
petIa atanasova · Institute for Materials Science, University of Stuttgart, Stuttgart, 

Germany
Ina baLKe · Latvian Biomedical Research and Study Centre, Riga, Latvia
LuCy beaLes · Mologic, Bedfordshire, UK
aLexandeR M. bIttneR · CIC nanoGUNE, Donostia - San Sebastián, Spain; Ikerbasque, 

Bilbao, Spain
adaM d. bRown · Institute for Bioscience and Biotechnology Research, University of 

Maryland, College Park, MD, USA; Fischell Department of Bioengineering, University of 
Maryland, College Park, MD, USA

MIChaeL a. bRuCKMan · Department of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH, USA; NanoBio Systems, Elyria, OH, USA

bInRuI Cao · Department of Chemistry and Biochemistry, Stephenson Life Sciences Center, 
University of Oklahoma, Norman, OK, USA

staCy L. CapehaRt · Department of Chemistry, University of California, Berkeley, CA, USA
RogeR CasteLLs-gRaeLLs · Department of Biological Chemistry, John Innes Centre, 

Norwich Research Park, Norwich, UK
aRnaud ChovIn · Laboratory of Molecular Electrochemistry, CNRS-Université Paris 

Diderot, Paris, France
uLRICh CoMMandeuR · Institute for Molecular Biotechnology, RWTH Aachen University, 

Aachen, Germany
jeRoen j. L. M. CoRneLIssen · Laboratory of Biomolecular Nanotechnology, MESA+ Institute 

for Nanotechnology, University of Twente, Enschede, The Netherlands
jaMes n. CuLveR · Institute for Bioscience and Biotechnology Research, University of 

Maryland, College Park, MD, USA; Department of Plant Science and Landscape 
Architecture, University of Maryland, College Park, MD, USA

anna e. CzapaR · Department of Pathology, Case Western Reserve University, Cleveland, 
OH, USA

ChRIstophe deMaILLe · Laboratory of Molecular Electrochemistry, CNRS-Université Paris 
Diderot, Paris, France

Contributors



xii

ChRIstIna dICKMeIs · Institute for Molecular Biotechnology, RWTH Aachen University, 
Aachen, Germany

tRevoR dougLas · Department of Chemistry, Indiana University, Bloomington, IN, USA
bogdan g. dRagnea · Department of Chemistry, Indiana University, Bloomington, IN, USA
waLteR j. dRessICK · Center for Bio/Molecular Science and Engineering, US Naval Research 

Laboratory, Washington, DC, USA
FabIan j. ebeR · Department of Molecular Biology and Plant Virology, Institute of 

Biomaterials and Biomolecular Systems, University of Stuttgart, Stuttgart, Germany
sabIne eIben · Department of Molecular Biology and Plant Virology, Institute of Biomaterials 

and Biomolecular Systems, University of Stuttgart, Stuttgart, Germany
davId j. evans · John Innes Centre, Norwich, UK
RaIneR FIsCheR · Institute for Molecular Biotechnology, RWTH Aachen University, Aachen, 

Germany
Matthew b. FRanCIs · Department of Chemistry, University of California, Berkeley, CA, 

USA; Materials Sciences Division, Lawrence Berkeley National Laboratories, Berkeley, 
CA, USA

Rees F. gaRMann · Harvard John A . Paulson School of Engineering and Applied Sciences, 
Harvard University, Cambridge, MA, USA

FanIa geIgeR · Department of Cellular Biophysics, Max Planck Institute for Medical 
Research, Heidelberg, Germany

wILLIaM M. geLbaRt · Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA, 
USA; California NanoSystems Institute, UCLA, Los Angeles, CA, USA; Molecular 
Biology Institute, UCLA, Los Angeles, CA, USA

jeFF e. gLasgow · Department of Chemistry, University of California, Berkeley, CA, USA
RadhIKa gopaL · Department of Cell and Molecular Biology, The Scripps Research Institute, 

La Jolla, CA, USA
RIChaRd  h.  guentheR · Department of Entomology and Plant Pathology, NC State 

University, Raleigh, NC, USA
juLIa hegeR-stevIC · Internal Medicine II/Molecular Biology, University Hospital 

Freiburg, Freiburg, Germany
ChunxI hou · State Key Laboratory of Supramolecular Structure and Materials, College 

of Chemistry, Jilin University, Changchun, China
sLateR a. jaMeson · Department of Biomedical Engineering, Case Western Reserve 

University, Cleveland, OH, USA
hyo-eon jIn · Department of Bioengineering, University of California, Berkeley, Berkeley, 

CA, USA; Biological Systems and Engineering, Lawrence Berkeley National Laboratory, 
Berkeley, CA, USA; College of Pharmacy, Ajou University, Suwon, Korea

suKwon jung · Department of Chemical and Biological Engineering, Tufts University, 
Medford, MA, USA

eunae Kang · Department of Chemical and Biological Engineering, Tufts University, 
Medford, MA, USA

ChaRLes M. KnobLeR · Department of Chemistry and Biochemistry, UCLA, Los Angeles, CA, 
USA

CLaudIa KoCh · Department of Molecular Biology and Plant Virology, Institute of 
Biomaterials and Biomolecular Systems, University of Stuttgart, Stuttgart, Germany

phILIpp KoLb · Department of Medical Microbiology and Hygiene, Institute of Virology, 
University Hospital Freiburg, Freiburg, Germany

Contributors



xiii

MauRI a. KostIaInen · Biohybrid Materials, Department of Bioproducts and Biosystems, 
Aalto University, Espoo, Finland

eMILy j. LaRKIn · Institute for Bioscience and Biotechnology Research, University of Maryland, 
College Park, MD, USA

seung-wuK Lee · Department of Bioengineering, University of California, Berkeley, Berkeley, 
CA, USA; Biological Systems and Engineering, Lawrence Berkeley National Laboratory, 
Berkeley, CA, USA; Tshinghua Berkeley Shenzhen Institute, Berkeley, CA, USA

ChRIstIna L. LewIs · U .S . Army Natick Soldier Research, Development and Engineering 
Center, Natick, MA, USA

veIKKo LInKo · Biohybrid Materials, Department of Bioproducts and Biosystems, Aalto 
University, Espoo, Finland

junqIu LIu · State Key Laboratory of Supramolecular Structure and Materials, College of 
Chemistry, Jilin University, Changchun, China

steven a. LoMMeL · Department of Entomology and Plant Pathology, NC State 
University, Raleigh, NC, USA

geoRge p. LoMonossoFF · Department of Biological Chemistry, John Innes Centre, 
Norwich Research Park, Norwich, UK

andRew j. Love · The James Hutton Institute, Dundee, SCT, UK
ChuanbIn Mao · Department of Chemistry and Biochemistry, Stephenson Life Sciences 

Research Center, Institute for Biomedical Engineering, Science and Technology, 
University of Oklahoma, Norman, OK, USA; School of Materials Science and 
Engineering, Zhejiang University, Hangzhou, Zhejiang, China

KIMbeRLy MCCoy · Department of Chemistry, Indiana University, Bloomington, IN, USA
KaMoLRat MetavaRayuth · Department of Chemistry and Biochemistry, University of South 

Carolina, Columbia, SC, USA
thIeRRy MIChon · Fruit Biology and Pathology, INRA-Université Bordeaux, Villenave 

d’Ornon, France
joona MIKKILä · Biohybrid Materials, Department of Bioproducts and Biosystems, Aalto 

University, Espoo, Finland
MIChaeL nassaL · Internal Medicine II/Molecular Biology, University Hospital Freiburg, 

Freiburg, Germany
huong gIang nguyen · Department of Chemistry and Biochemistry, University of South 

Carolina, Columbia, SC, USA; National Institute of Standards and Technology, 
Gaithersburg, MD, USA

zhongweI nIu · Key Laboratory of Photochemical Conversion and Optoelectronic Materials, 
Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing, 
China; University of Chinese Academy of Sciences, Beijing, China

eManueLa noRIs · Institute for Sustainable Plant Protection, National Research Council of 
Italy (IPSP-CNR), Torino, Italy

ChaRLes h. oppeRMan · Department of Entomology and Plant Pathology, NC State 
University, Raleigh, NC, USA

hadRIen peyRet · Department of Biological Chemistry, John Innes Centre, Norwich 
Research Park, Norwich, UK

andRzej s. pIteK · Department of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH, USA

aRshaK poghossIan · Institute of Nano- and Biotechnologies, Aachen University of 
Applied Sciences, Jülich, Germany

Contributors



xiv

FeRnando ponz · Centro de Biotecnología y Genómica de Plantas (CBGP, UPM-INIA), 
Madrid, Spain

RIndIa M. putRI · Laboratory of Biomolecular Nanotechnology, MESA+ Institute for 
Nanotechnology, University of Twente, Enschede, The Netherlands

yupeng Ren · Department of Biological Sciences, National University of Singapore, 
Singapore, Singapore

gunta ResevIča · Latvian Biomedical Research and Study Centre, Riga, Latvia
patRICK van RIjn · Faculty of Medical Sciences, University of Groningen, Groningen, The 

Netherlands
aMy Roe · School of Molecular and Cellular Biology, Faculty of Biological Sciences, 

University of Leeds, Leeds, UK
davId j. RowLands · School of Molecular and Cellular Biology, Faculty of Biological Sciences, 

University of Leeds, Leeds, UK
MaRK v. de RuIteR · Laboratory of Biomolecular Nanotechnology, MESA+ Institute for 

Nanotechnology, University of Twente, Enschede, The Netherlands
FLoRa sánChez · Centro de Biotecnología y Genómica de Plantas (CBGP, UPM-INIA), 

Madrid, Spain
KeIth saundeRs · Department of Biological Chemistry, John Innes Centre, Norwich 

Research Park, Norwich, UK
MIChaeL j. sChönIng · Institute of Nano- and Biotechnologies, Aachen University of 

Applied Sciences, Jülich, Germany
anette sChneeMann · Department of Cell and Molecular Biology, The Scripps Research 

Institute, La Jolla, CA, USA
souRabh shuKLa · Department of Biomedical Engineering, Case Western Reserve University, 

Cleveland, OH, USA; Case Comprehensive Cancer Center, Case Western Reserve 
University, Cleveland, OH, USA

tIM L. sIt · Department of Entomology and Plant Pathology, NC State University, Raleigh, 
NC, USA

CaRIssa M. soto · Center for Bio/Molecular Science and Engineering, US Naval Research 
Laboratory, Washington, DC, USA; Materials and Applications Division, US Bureau of 
Engraving and Printing, Washington, DC, USA

nICoLe F. steInMetz · Department of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH, USA; Case Comprehensive Cancer Center, Case Western 
Reserve University, Cleveland, OH, USA; Department of Radiology, Case Western 
Reserve University, Cleveland, OH, USA; Department of Materials Science and 
Engineering, Case Western Reserve University, Cleveland, OH, USA; Department of 
Macromolecular Science and Engineering, Case Western Reserve University, Cleveland, 
OH, USA

saM L. stephen · School of Molecular and Cellular Biology, Faculty of Biological Sciences, 
University of Leeds, Leeds, UK; CPI, National Biologics Manufacturing Centre, 
Darlington, UK

nICoLa j. stonehouse · School of Molecular and Cellular Biology, Faculty of Biological 
Sciences, University of Leeds, Leeds, UK

MIChaeL e. taLIansKy · The James Hutton Institute, Dundee, SCT, UK
eva C. thueneMann · Department of Biological Chemistry, John Innes Centre, Norwich 

Research Park, Norwich, UK

Contributors



xv

ye tIan · Key Laboratory of Photochemical Conversion and Optoelectronic Materials, 
Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing, 
China; University of Chinese Academy of Sciences, Beijing, China

bRyLee davId b. tIu · Department of Biomedical Engineering, Case Western Reserve 
University, Cleveland, OH, USA; Department of Macromolecular Science and 
Engineering, Case Western Reserve University, Cleveland, OH, USA

IRIna b. tsvetKova · Department of Chemistry, Indiana University, Bloomington, IN, USA
FRanK a. veLIz · Department of Biomedical Engineering, Case Western Reserve University, 

Cleveland, OH, USA
steLLa e. vIewegeR · Department of Chemistry, Indiana University, Bloomington, IN, USA
andReas waLKeR · Institute of Virology, University Hospital Düsseldorf, Düsseldorf, Germany
qIan wang · Department of Chemistry and Biochemistry, University of South Carolina, 

Columbia, SC, USA
qIangbIn wang · Division of Nanobiomedicine and i-Lab, Suzhou Institute of Nano-Tech 

and Nano-Bionics, Key Laboratory of Nano-Bio Interface, Chinese Academy of Sciences, 
Suzhou, China

ChRIstIna wege · Department of Molecular Biology and Plant Virology, Institute of 
Biomaterials and Biomolecular Systems, University of Stuttgart, Stuttgart, Germany

seK-Man wong · Department of Biological Sciences, National University of Singapore, 
Singapore, Singapore

hong xu · Department of Chemistry and Biochemistry, Stephenson Life Sciences Center, 
University of Oklahoma, Norman, OK, USA

CuIxIan yang · Department of Chemical and Biological Engineering, Tufts University, 
Medford, MA, USA

MIngyIng yang · Institute of Applied Bioresource Research, College of Animal Science, 
Zhejiang University, Hangzhou, China

hyunMIn yI · Department of Chemical and Biological Engineering, Tufts University, 
Medford, MA, USA

andRIs zeLtIns · Latvian Biomedical Research and Study Centre, Riga, Latvia
Kun zhou · Division of Nanobiomedicine and i-Lab, Suzhou Institute of Nano-Tech and 

Nano-Bionics, Key Laboratory of Nano-Bio Interface, Chinese Academy of Sciences, 
Suzhou, China

Contributors


	Preface
	Contents
	Contributors

