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ABSTRACT

%%’% have designed a novel dual-labeled PNA oligomer,
having both a fluorescent dye and a quencher; by
utilizing key compounds 1 and 2. We showed that the
designed dual-labeled PNA oligomer works as a
molecular beacon PNA. We also investigated the
optimization of a stem-loop structure which can
supersensitize the function as a molecular beacon PNA.j
INTRODUCTION

A peptide nucleic acid (PNA) is a biopolymer in which the
DNA sugar-phosphate backbone has been replaced by a
pseudopeptide.(1) PNAs are superior to natural mucleic
acids in numerous ways.(2) For example, (i) they can be
sasily synthesized by solid-phase fBoc/Fmoc chemistry, (ii)
they are highly stable against cellular nucleases/proteases,
and (iif) they can hybridize with complementary DNA with
high affinity in comparison with conventional nucleic acids.
Modifying conventional techniques that employ DNA as a
medium so that they can be used with PNA can compensate
for the defects of DNA that could not be overcome
previously. Molecular beacons have been recently
developed as probes that can detect a specifically
recognized base sequence by fluorescence(3) Since
molecular beacons use DNA as a medium, whick has poor

enzymatic resistance, a PNA can be applied to the

molecular beacon for higher enzymatic resistance. We have

recently developed a strategic synthetic protocol which can
prepare a number of photoactive PNA monomers.(4) In
addition, we have found that many photoactive molecules
having a carboxyl group can be introduced into the PNA
backbone using the key compounds 1 and 2 (Fig. 1) and
that the photoactive moiety can be incorporated into any
position of the PNA oligomer(5) We herein report that a
novel molecular beacon PNA was designed using 1 and 2
and this could efficiently detect a specific target sequence

by fluorescence.
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Figure 1

RESULTS AND DISCUSSION

We examined the synthetic protocol for a dual-labeled PNA
oligomer in which a fluorescent dye such as TAMRA and a
quencher such as a DABCYL group were introduced at
opposite ends. We first tried to synthesize a dual-labeled
PNA oligomer using a DABCYL-tethered PNA monomer
unit 3 (Fig. 1). However, the DABCYL moiety decomposed
at the release step from the MBHA resin using a
TFMSA/TFA solvent system, although each coupling
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Scheme 1. Synthetic protocol of a dual-labeled PNA oligomer using the key compounds 1 and 2
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reaction of PNA monomer in solid phase synthesis was fine.

This result suggested that the DABCYL moiety would need
to be post-synthetically introduced into the PNA oligomer
after the release step. We have already designed 1 which
can be deprotected by the TFMSA/TFA solvent system. We
therefore synthesized a precursor PNA oligomer containing
1. Simultaneously, we also selected 2 as a precursor for the
post-synthetic introduction of a fluorescent moiety into the
PNA oligomer (Scheme 1), MAILDITOF MS of the
designed PNA oligomer, which was purified by HPLC,
suggested that a dual-labeled PNA oligomez, having both a
fluorescent dye and a quencher, could be effectively
prepared by utilizing 1 and 2.

We mpext investigated whether or not the designed
dual-labeled PNA oligomer could work as a molecular
beacon PNA. A photoactive PNA 16 mer 4, which consisted
of 4 base pairs for the stem region and 6 bases for the loop
region in addition to a fluorescent dye and a quencher at the
opposiie ends, was synthesized as a molecular beacon PNA.
When 4 hybridized with the complementary DNA oligomer
in 10 mM Tris-HCl buffer (pH 8.0), the fluorescence
intensity increased (Fig. 2). In addition, the fluorescence
intensity rose gradiently until the ratio of PNA (10 uM) to
DNA was ca. 1 : 1 and it then remained at that level even if
extra DNA was added (Fig. 2). These results suggest that
the designed dual-labeled PNA oligomer 4 became a

molecular beacon PNA having sequence specificity.
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Optimization of the molecular beacon PNA is currently
being carried out using several dual-labeled PNA oligomers

having different stem-loop structures.
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Figure 2. {A) Effects of pH on the formation of the
molecular beacon PNA. (B) Effects of ratio on the
hybridization of PNA 4 with target DNA. Conditions: PNA
4 (H-DCATGTCTAAGCATGT-NH,; D = DABCYL, T =
TAMRA) in 10 mM TE buffer.
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