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The chemistry of DNA-binding drugs and/or ligands is of ongoing interest due to their promising functions
and biological activities toward analytical, biological, and medicinal applications. In our laboratory, DNA-
binding fluorescent ligands have been developed for analytical applications, including single-nucleotide poly-
morphism (SNP) typing, affinity-labeling in aptamer assays, and microRNA detection. These ligands show
selective binding to the target nucleobase opposite an abasic site (AP site) in DNA duplexes, which accompa-
nies the fluorescence signalling of ligand. In this work, I devote myself to develop more powerful AP site-

binding ligand for the analysis of nucleobase recognition in nucleic acid. First, in order to minimize the



variation of environmental, probe concentrations, and light intensity on the fluorescence response of these AP
site-binding ligands, I design a new kind of ratiometric ligands which shows more accurate analysis for target
analytes. Second, I develop a new generation of on-off like ligands with light-up property which shows high

selectivity and strong affinity for analysis of nucleobase in nucleic acid.

Chapter 1: Introduction

This chapter is introduction of background of related studies and objective of this research.

Chapter 2: Design and synthesis of ratiometric fluorescent ligands for analysis of SNPs

AP site-binding ligands are developed into the ratiometric fluorescent ligands, C2, for which ATMND (2-amino-
5,6,7-trimethyl-1,8-naphthyridine) is conjugated with (4-(V,N-dimethylaminosulphonyl)-1,2,3-benzoxadiazole)
DBD. The fluorescence response of C2 to 21-mer AP site-containing DNA duplexes (5’-GCA GCT CCC
GXG GTC TCC TCG -3°/3° -CGT CGA GGG CNC CAG AGG AGC-5’, X = AP site; Spacer C3, N=@G, C,
A or T) was examined. C2 exhibits a selective fluorescent response to pyrimidine over purine nucleobases,
and the response is the most effective to thymine over other the three nucleobases. When binding with
thymine (N =T), the fluorescence of ATMND moiety is effectively quenched while the emission from DBD
moiety is significantly enhanced. It is likely that the DBD moiety is located at the hydrophobic
microenvironment of the DNA duplex, which would be responsible for the observed fluorescence enhance-
ment. Indeed, the examination of the energy-minimization of DNA-C2 complex reveals that the DBD moiety
is protruding into the hydrophobic minor groove of the DNA duplexes.

Then the binding-induced response of C2 allows the ratiometric fluorescence signalling for the detection of
the target nucleobase, for which we utilize the change in the ratio of the emission intensities (Fsss / Fao). Upon
binding to thymine (N =T), the value of Fss/Fao increases by a factor of 27 and this enables the highly se-
lective detection of thymine over the other three nucleobases. Moreover, the ratiometric response of C2 was
applicable to the naked-eye detection of thymine-related single-base mutation. Finally, C2 was applied to the
analysis of single-base mutation in 107-meric DNAs (K-ras gene, sense strand, condon 12) which could be ap-
plicable to analysis of transversion from pyrimidine bases to purine bases. (or vice versa)

In summary, conjugation with an environmentally sensitive fluorescent dye to probe hydrophobic grooves of
the DNA helix was developed in this chapter. C2 exhibits a ratiometric response with selectivity for
pyrimidine base. The ratiometric method is applicable to the analysis of PCR products. So ratiometric fluores-

cent ligand was successfully developed.

Chapter 3: Design and synthesis of on-off like fluorescent signaling ligands

In combination with intercalator thiazole orange (TO) and AP site-binding ligand, ACIDMND-C10-TO was
developed which indicates two binding mode with DNA, ACIDMND moiety acts as hydrogen bonding with
target nucleobase opposite an AP site in DNA duplex and TO functions as intercalating binding between base
pairs of nucleic acid.

First, the characteristic of ACIDMND-C10-TO and 21-meric AP site-containing DNA duplexes was investi-
gated by UV-visible and fluorescence spectroscopy. The UV-visible spectra showed that when the base oppo-

site the AP site is cytosine, the absorption increased remarkably due to the intercalation of TO between base



pairs. Fluorescence experiment also indicates the quenching at ACIDMND moiety and enhancing at TO moi-
ety. These results suggested that the effective binding of ACIDMND to target nucleobase opposite the AP site
and intercalation of TO between DNA base pairs occurs. Fluorescence titration experiments revealed that the
binding affinity of ACIDMND-C10-TO for cytosine in the AP site-containing DNA duplex reaches up to 10°
M"' (1:1, binding constant K,), which is two orders of magnitude higher than the ACIDMND moiety itself.
For comparison, the other ligand features that ACIDMND moiety is connected through benzothiazole nitrogen
is synthesized, named as ACIDMND-C10-TOz. However, the ligand showed poor property compared to the
ACIDMND-C10-TO that linked through quinoline nitrogen, ACIDMND-C10-TO. The reason was probably due
to the quinoline and benzothiazole moiety thread different groove of DNA helix when TO intercalates into
DNA base pairs. More interesting, in case of target nucleobase is cytosine, ACIDMND-C10-TO/DNA shows
green emission under UV irradiation while ACIDMND-C10-TOz/DNA exhibits almost no fluorescence.

In summary, chloro-substitued naphthyridine-TO conjugate was synthesized, in which on-off like response
was obtained with a high selectivity for cytosine and binding affinity reaches to nM level. Base discrimination
can be seen by naked eyes (DNA: 500 nM). So we concluded that fluorescent ligand with improved signalling

and binding properties was successfully developed.

Chapter 4: Use of ACIDMND-C10-TO for microRNA (miRNA) detection

Based on the above results, ACIDMND-C10-TO was applied for RNA detection, for which DNA and RNA
probe were utilized. The results indicate that ACIDMND-C10-TO shows higher affinity for cytosine (K =4.5
X10" M") in the DNA probe/RNA target hybrids compared to that of RNA probe/ RNA target duplexes
(K1 =0.07X10" M"). The reason is most likely due to the difference in conformations between DNA/RNA
hybrids and RNA/RNA duplexes. DNA/RNA hybrids tend to adopt B-form conformation while RNA/RNA du-
plexes employ A-form conformation, and B-form structure would provide more space for intercalation of TO
moiety between base pairs. Thus, I design a DNA probe for miRNA (let-7 family members) detection, and
fluorescence experiment revealed that ACIDMND-C10-TO was able to discriminate let-7d from the other let-7
family members with a binding affinity up to 10° M™.

In this chapter, we have demonstrated that use of ACIDMND-C10-TO for miRNA detection. By utilizing
a DNA probe, the ligand exhibited strong binding affinity and high selectivity for cytosine in RNA. Due to
the high specificity of this ligand, as low as nM miRNA can be accurately determined.

Chapter 5: Conclusion

In this work, nucleic acid-binding ligands have been developed with high selectivity and strong binding af-
finity. This new type of ligand exhibits higher detection sensitivity over traditional AP site-binding ligands by
two orders of magnitude and high speficity for target nucleobases. These kinds of ligands can be potentially
applied to miRNA detection in the total RNA sample. Moreover, this proposed method does not require any
modified or labelled DNA probes, which should significantly reduce the cost and simplify the experimental

procedure.
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