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Preface
Controlling the function of genes and biologically active nucleic acids
Nucleic acids, DNA and RNA, are among the most important mole-
cules for life. It is thought that the last universal common ancestor, or
LUCA, had DNA and RNA, and therefore, all living organisms on the
Earth share nucleic acids. Except that in RNAviruses, in other organisms,
the genetic information is stored in DNA, transcribed into RNA, and
translated into proteins. Proteins and RNAs, including micro RNAs, are
involved in various physiological and pathological events. Regulation
of these molecules is an important mode of treatment of various dis-
eases. Therefore, compounds that regulate gene expression can be
drug candidates, which include both nucleic acid- and non-nucleic
acid-based compounds. Non-nucleic acid-based compounds regulate
gene functions through specific interactionswith genomic DNA. Nucleic
acid drugs, which are typical nucleic acid-based compounds, have
attracted increasing attention, and the number of approved nucleic
acid drugs is rapidly increasing.

In this milieu, we have organized this special issue: Controlling the
Function of Genes and Biologically Active Nucleic Acids. It covers the fol-
lowing aspects of the recent approaches to control the function of
genes and biologically active nucleic acids: (i) the importance of the
structural properties of nucleic acids for their interaction with other
molecules, including nucleic acids and proteins; (ii) the structure-
dependent activity of biologically active nucleic acids; and (iii) the
novel compounds selectively regulating the gene functions.

A major topic covered in this issue is the application of DNA nano-
technology for regulating the functions of biologically active nucleic
acids and other bioactive molecules. Since the original proposal by
NadrianC. Seeman [1],DNAnanotechnologyhas beenused invarious re-
search fields, including the design and construction of DNA-based nano-
systems as delivery vehicles of bioactive compounds [2]. Jiang et al. [3]
focusses on the applications of DNA-based nanometer-sized materials
formolecular imaging and drugdelivery in cancer treatment. They eluci-
date a variety of DNA-based nanostructures and summarize their appli-
cations in the delivery of payloads, including functional nucleic acids,
chemotherapeutic agents, and radioactive isotopes. Zuo andMao [4] re-
view a symmetric approach for the construction of DNA-based nano-
structures using DNA tiles, which can minimize the number of different
DNA strands. They applied these nanostructures for the delivery of
small interfering RNA. Nishikawa et al. [5] demonstrate the structural
and physicochemical properties of DNA-based nanostructures, with an
emphasis on the interaction of DNA-based nanostructures and cells.

The following twoarticles focus onRNA. Seya et al. [6] review the rec-
ognition of RNA by RNA sensors, including Toll-like receptor 3 (TLR3),
and the subsequent immune stimulation. They describe the properties
of a synthetic TLR3 agonist, which can be used as an immune adjuvant
in cancer immunotherapy. Tomoike and Abe [7] elucidate the detection
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of intracellular RNA using molecular beacons, hybridization-sensitive
probes, and other chemical probes. In this case, both targets and com-
pounds used are nucleic acids and nucleic acid-based compounds.

The last two articles dealwith the compounds that regulate the func-
tions of genomicDNA. Tsuji and Imanishi [8] describe the properties and
functions of transcription activator-like effectors, or TALEs, which spe-
cifically and sensitively recognize DNA containing 5-methylcytosine.
They also discuss TALE-based epigenome editing and oxidized methyl-
ated cytosine recognition. Yu et al. [9] focus on pyrrole–imidazole poly-
amides, which are a major class of DNA minor groove-binding
compounds. They can be designed to recognize specific DNA sequences,
in order to modulate the functions of specific genes.

The review articles compiled in this issue provide an overview of re-
cent approaches to control the functions of genes and biologically active
nucleic acids. Because nucleic acids are essential to life and are involved
in the most important processes occurring in our body, the topics cov-
ered can help develop new therapeutic strategies for various diseases.
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