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Preface

Nanotechnology deals with the creation and application of materials at the nanometer
scale, using either top-down approaches or bottom-up assembly. Macromolecules of DNA,
RNA, and proteins have defined features and the perfect size to serve as powerful build-
ing blocks for the bottom-up fabrication of nanostructures and nanodevices. However,
nanotechnology must fulfill certain criteria: (1) products should have a defined size and
structure at the nanometer scale; (2) the nanoparticles can be purified to homogeneity or
relatively homogeneous; and (3) the nanoparticles can be characterized or visualized by
either chemical, physical, biophysical, or optical procedures. For example, molecular biol-
ogy studies of DNA are not nanotechnology; however, the use of DNA as a nanomate-
rial to build homogeneous structures by bottom-up assembly to generate products with
defined physical, chemical, and biophysical properties of the DNA structures is DNA nano-
technology, and this pioneering concept has created an unexpected paradigm of mate-
rials engineering and synthetic structural biology. As an alternative to DNA, RNA has
recently been catapulted into place as a nanotechnology platform due to its diversity in
both structure and function. RNA is unique in comparison to DNA by virtue of its higher
thermodynamic stability, canonical and noncanonical base pairing ability, as well as a
variety of single-stranded loops suitable for inter- and intramolecular interactions, base
stacking, and distinct in vivo attributes. Previously, the sensitivity of RNA to RNase deg-
radation had been the biggest hurdle in the production of RNA for use as a construction
material. Recently, simple chemical modifications, such as that with 2-fluorine, have led
to the generation of certain RNAs resistant to degradation that have retained their folding
property and even their function in certain cases. The robust production of stable RNA has
now moved the dream of RNA nanotechnology into a reality. However, simply conjugat-
ing functional RNA modules to gold, liposome, dendrimer, or polymer-based nanopar-
ticles does not constitute RNA nanotechnology; rather, RNA nanotechnology is a bottom-up
approach to assemble nanometer-scale particles with its main constituent composed of
RNA.

The studies on RNA structure and folding are dated decades ago. However, RNA nano-
technology is a unique, emergent field that is distinct from the classical studies of RNA
structure and folding. Besides intramolecular interaction and folding, the special knowl-
edge of intermolecular interaction is necessary. In 1998, the pioneering work of Peixuan
Guo demonstrated that RNA dimer, trimer, and hexamer nanoparticles can be assembled
using re-engineered RNA fragments derived from pRNA (packaging RNA), a vital compo-
nent that gears the bacteriophage phi29 DNA packaging motor. This finding was published
in Molecular Cell (Guo et al., 1998) and was featured in Cell (Hendrix, 1998), cementing the
concept of RNA nanotechnology. Since then, pRNA nanoparticles have been used suc-
cessfully as polyvalent vehicles to deliver a variety of therapeutic molecules, and for the
construction of RNA arrays. Over the last few years, investigations into the folding and
structure of RNA motifs, as well as advances in RNA 3D computation from the traditional
intramolecular interactions to intermolecular interactions, have laid a solid foundation for
further development in RNA nanotechnology.

RNA nanotechnology is a vigorous and rapidly progressing new field of science, as
evidenced by the explosion of publications on RNA nanostructures that have been pub-
lished over the last five years. These have come from diverse fields such as chemistry,
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biochemistry, structural biology, microbiology, cancer biology, cell biology, biophysics,
pharmacy, and nanomedicine. This innovative area of study is truly an interdisciplinary
one that involves professionals with multiple backgrounds and skills. At this point in time,
it is imperative to compile a book to serve as the first comprehensive collection of basic
research that includes real-world applications pertinent to nanotechnology. The intended
style of this book is one that can engage researchers from undergraduates all the way
to postdoctoral researchers and professors, in engineering and other sciences, to further
enhance this field. It is imperative that we work together to propel it to all that it can be
and more.

This text strives to assemble information, engage its readers, and inspire scientists all
over the world. It covers a wide range of topics, including the principles and fundamentals
of RNA nanotechnology (Chapters 1 and 2); RNA folding, structure, and motifs in RNA
nanoparticle assembly (Chapters 3 through 6); RNA computation and structure prediction
for RNA nanoparticle construction (Chapters 7 and 8); nucleotide chemistry for nanopar-
ticle synthesis, conjugation, and labeling (Chapters 9 through 11); single-molecule and
biophysical techniques in RNA nanostructure analysis (Chapters 12 and 13); methods for
the assembly of RNA nanoparticles (Chapters 14 through 16); and RNA nanoparticles for
therapy and diagnostic applications (Chapters 17 through 29).

We would not have been able to accomplish our goal without the tremendous efforts of
leading experts in the field who have taken the time to contribute a chapter. Foremost, we
express our gratitude to them and the time that they have put into this text. We sincerely
thank the staff at CRC Press/Taylor & Francis Group, LLC. In particular, we thank Michael
Slaughter, the executive editor who convinced us to undertake this project; Laurie Schlags,
the project coordinator; Ed Curtis, the project editor; and Amor Nanas, the project man-
ager. Without their valuable contributions, this book would have never come to fruition.
Finally, without the support of our devoted wives, this endeavor would never have been
possible. We are delighted to present this book and hope that readers will find it very
resourceful and as exciting as we do.

Peixuan Guo
Farzin Haque
University of Kentucky
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