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Development of New Fluorogenic OligoDNA Probes Utilizing Silylated Fluorescent
Material
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Fluorescence labeled oligonucleotide probe is remarkably important as a tool in modern life
science for medical diagnostics and genetic studies. Until date, there are many reports on
fluorescent oligonucleotide probes for the detection of specific gene through the binding to
complementary region of the target oligonucleotide. One of the most useful probes for the
detection of nucleic acid is a so-called molecular beacon (MB) probe. MB probe undergoes a
close to open conformational change in the absence and presence of target oligonucleotide with
simultaneous characteristics changes in its fluorescent intensities. Traditional molecular
beacon probe forms a stem-loop structure and doubly end-labeled with a fluorophore and a
fluorescence quencher. The stem structure brings the fluorophore and doenin close proximity
allowing energy to be transferred directly from therophore to the quencher. When the probe maets
target oligonucleotide (DNA or RNA) molecule, thera-loop structure is resolved into a linear prédmget
complex that is longer and more stable than then stgbrid of MB probe itself. As a result of this
conformational rearrangement, the fluorophore dm duencher move apart from each other, restoring
fluorescence emission. Since the first invention MB probe by Tyagiet al, many approaches of
improvements on the molecular design and developroémew types of molecular beacon have been
reported.

Meanwhile, our research group has developed a naiglated pyrene derivative possessing
dimethylsilyl function with modifiable terminal gop as a new labeling agent of biological substasoeh
as oligoDNA and lipids. The compound is more adagabus as a fluorescent labeling agent compared to
original pyrene since it exhibits enhanced (mormnt times) fluorescent quantum yield along with th
bathochromic shift in both absorption and emissidme to the Si-associatem1t interaction. Once the
derivative is incorporated into’®erminus of DNA molecule, however, the fluoresaergignal of the
derivative is severely quenched by neighboring emizase including thymine, cytosine and guanineussca
of the photoinduced electron transfer. Utilizinggbk unique features of silylated pyrene moleculeve
prepared a series of novel pseudo-dumbbell type molecular beacon probe without end
labeled-quencher molecule.

The probes have several unique features as follows; the probes have a large loop-portion
consisting of 15 nucleotide units expected to act as the binding portion to an oligonucleotide
having complementary sequence. The small loop-portion as well as the short stem-portion are

expected to put the silylated pyrene of the 5°-terminus to the proximal position of the



quencher nucleotide (C) at 3’-terminus. In the stem-portion, natural T residues are
substituted with C-5 polyamine-bearing deoxyuridine residues (U). The polyamine-bearing
deoxyuridine is effective to increase thermal stability of the duplex involved.

In the study, I found that the Probe 1 having 5-bp stem with 3 polyamine-bearing
deoxyuridine residues gives only a weak fluorescence signal while it stays alone in near
physiological conditions. Whereas, the signal substantially increases upon binding to the
complementary DNA with the loop portion. Thus, the probe possesses target-detecting ability
in terms of its characteristic change on fluorescence signal. An experiment using a reference
probe which does not have polyamine-bearing deoxyuridine residues revealed that the
fluorescence quenching mentioned above was not effective as the case of Probe 1.

Based on these findings, I further designed and synthesized four related pseudo-dumbbell
type probes (Probe 2—Probe 5) to investigate the mechanism of emission and quegcbn silylated
pyrene for the development of effective fluoreseempeobe. As the results, | found that there is some
tendency between the efficiency of the fluoresceqoenching and the thermal stability of the stemntipn
of the probes. The higher thermal stability of #tem-portion brings about more efficient quenching.
Meanwhile,substitution of onepolyamine-bearing deoxyuridine residue in front of the silylated
pyrene with an deoxyuridine derivative having anthraqui@anoiety at its C-5 positiofProbe 3) resulted
substantial enhancement of the thermal stabilitythaf stem as well as the effective quenching of the
fluorescence signal. At the same time, an experimseimg Probe 5 having the identical modification as
Prabe 3 but lacking 3’-terminal deoxycytidine revealedtthtize effective quenching observedRnobe 3 is
mainly due to the presence of anthraquinone moiety.

On the other hand, these probes also gave fluemescsignal under the presence of the target
oligonucleotides having one-base alternation afouar position of the complementary region to the
loop-portion of the probes. However, the signal wash weaker compared to that of the probes urder t
presence of the fully complementary target. Thalifig indicates that thespseudo-dumbbell type
probes would have the ability to detect a single mutation in genome in terms of the
fluorescence signal.

As described above, | found that the newly dewedopseudo-dumbbell type probes would be
useful and practical probes to detect certain gene fragment in solution, in terms of the
characteristic change on their fluorescence signal. In addition, the probes could also be used as
the tool to detect one-base mutation on certain genome sequence. These findings are quite
useful and variable for further development of safe and easy-handling sequence-specific probe

to detect oligonucleotide in solution.
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