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We have synthesized various substituted 8-arylethynylated 2’-deoxyguanosine derivatives. Among them,
acetyl substituted deoxyguanosine analogue 4c showed a remarkable solvent dependent fluorescence
property, that is, an intense fluorescence in non-polar solvents but extremely weak fluorescence in polar
solvents like methanol. By using solvatofluorochromic deoxyguanosine analogue 4c, we have developed

highly thymine (T) selective fluorescent DNA probes that can sense T opposite 4c in a target DNA regard-
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less of the flanking sequences. We were able to demonstrate that 4c can be used as a T specific base-dis-
criminating fluorescent (BDF) nucleoside in homogeneous fluorescence assay.

© 2010 Elsevier Ltd. All rights reserved.

Fluorescent nucleosides and oligonucleotides are powerful tools
for structural studies of nucleic acids, sequencing, molecular diag-
nostics, and other applications relating genomics.! Particularly, the
development of fluorescent nucleosides that can monitor local
microenvironmental change around nucleic acids is extremely
important for understanding biological events accompanying
interbiomolecular interactions such as replication, transcription,
expression activation, and inactivation. The number of reported
fluorescent nucleosides has increased greatly in recent years, and
numerous efforts to impart useful photophysical features upon
natural nucleobases have been reported.’

In our continuous studies directed toward the development of
practically useful fluorescent oligonucleotide probes, we reported
a new concept for the design of important fluorescent nucleosides
such as base-discriminating fluorescent (BDF) nucleosides®* and
microenvironment sensitive fluorescent nucleosides.®

In order to devise sensitive fluorescent nucleosides to their local
environment, molecular design of highly solvent dependent fluo-
rescent nucleobase is critically important. While 8-arylethynylated
adenosine® and guanosine’ are known, solvatochromic nature of
such fluorescent ribonucleosides has not been reported. Through
extensive studies of the substituent effects on 8-arylethynylated
2'-deoxyguanisine derivatives, we found that acetyl group on the
aryl moiety induced a remarkable solvatofluorochromic property
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of the deoxyguanosine analogues. Unlike unsubstituted 8-aryleth-
ynylated deoxyguanosine, acetyl substituted deoxyguanosine ana-
logue 4c showed a remarkable solvent dependent fluorescence
property. We report herein unique fluorescent 2’-deoxyguanosine
analogues that are highly sensitive to their local environment. By
using such fluorescent deoxyguanosine analogues, we have devel-
oped highly thymine (T) selective BDF probes that can sense T
opposite BDF base in a target DNA regardless of the flanking se-
quences (Fig. 1).

We already reported pyrene labeled BDF nucleosides U and
PYC that can distinguish A and G, respectively, opposite the BDF
bases.? In contrast, adenosine type T specific BDF base previously
reported>® was only effective in AT rich sequences due to the
quenching by neighboring Gs. Environment sensitive fluorescent
deoxyguanosine derivatives usable as a fluorescence sensor
regardless of the flanking sequences are highly desirable for struc-
tural studies of nucleic acids and molecular diagnostics such as
SNP genotyping.

BDF 7 /
Fluorescent

Figure 1. Schematic illustration of DNA detection using BDF nucleoside.
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Scheme 1. Reagents and conditions: (a) trimethylsilyl acetylene, Pd(PPhs)4, TEA, DMF, 50 °C, 3 h; (b) TBAF, THF, rt, 2 h; (c) 4-iodobenzene, 4-dimethylaminoiodobenzene or

4-bromoacetophenone, Pd(PPhs),, TEA, DMF, rt, 3 h.

8-Arylethynylated 2’-deoxyguanosine derivatives 4 were pre-
pared via palladium (0) mediated Sonogashira cross-coupling
(Scheme 1).2 8-Bromo-2'-deoxyguanosine 1 was coupled with tri-
methylsilyl acetylene to yield compound 2. Silyl group of 2 was
deprotected by tetrabutylammonium fluoride to give 8-ethynyl-
2'-deoxyguanosine 3. Compound 3 was coupled with substituted
aryl halides to afford corresponding nucleosides 4a, 4b, and 4c¢ in
high yields.

We first examined the photophysical properties of 8-arylethy-
nylated deoxyguanosine derivatives in various solvents. All these
deoxyguanosines (4a, 4b, 4c) showed strong fluorescence at
around 475 nm in non-polar solvents like ethyl acetate but rela-
tively weak fluorescence in polar solvents like methanol and aceto-
nitrile. Interestingly, fluorescence intensity of acetyl analogue 4c
showed a strong solvent dependency, that is, an intense fluores-
cence in non-polar solvent at 475 nm but extremely weak fluores-
cence in methanol, showing that introduction of acetyl group on
the aromatic moiety induces a solvatochromic fluorescence prop-
erty (Fig. 2¢). Thus, we thought that solvatofluorochromic deoxy-
guanosine 4c may be used as a fluorescence sensor for SNP
genotyping.

Deoxyguanosine 4¢ was then incorporated into oligodeoxynu-
cleotides (ODNs) via automated DNA synthesis. After protection

of amino group with N,N-dimethylformamide diethylacetal, 4c
was reacted with DMTrCl in the presence of catalytic amount of
DMAP in dry pyridine to give 6. Protected 6 was converted to phos-
phoramidite 7, which was used for ODN synthesis by automated
DNA/RNA synthesizer without further purification (Scheme 2).
Two ODNs containing 4c¢ in AT rich site (ODN 1) and GC rich site
(ODN 2) were prepared (Table 1).

Fluorescence spectra of ODN 1 and ODN 2 were measured in the
absence and presence of complimentary strands. Fluorescence
intensities of single stranded ODN 1 and ODN 2 and of the duplexes
with complimentary strands ODN 3 and ODN 4 (N=A, G, C),
respectively, were very weak. In contrast, the fluorescence spec-
trum of duplex ODN 1/ODN 3 (N =T) showed an intense fluores-
cence at 510 nm in AT rich sequence. In GC rich sequence a
similar T specific fluorescence emission was observed for duplex
ODN 2/ODN 4 (N =T), although the fluorescence intensity in GC
rich sequence was negatively low due to the quench by neighbor-
ing Gs (Fig. 3a, b). The fluorescence emission was visible with
naked eye only for T opposite BDF base 4¢ under illumination with
365 nm transilluminator (Fig. 3¢). In contrast, such T specific rec-
ognition opposite BDF base was not observed for ODNs containing
4a and 4b. Thus, acetyl substituted fluorescent deoxyguanosine 4c¢
is exceptionally useful as a T specific BDF base regardless of the
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Figure 2. Fluorescence spectra of 4a (a), 4b (b) and 4c (c) in various solvent (each 10 uM conc.). Excitation wavelength was 355 nm (a), 345 nm (b), and 350 nm (c).
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Scheme 2. Reagents and conditions: (a) N,N-dimethylformamide diethylacetal, DMF, rt, 3 h; (b) DMTrCl, DMAP, pyridine, rt, 17 h; (c) N,N-diisopropylchlorophosphoramidite,
TEA, CHx(Cly, rt, 15 min.

Table 1 ' ' flanking sequences in a fluorescence hybridization assay. The rea-
Sequences of oligonucleotides son for the T specific fluorescence emission is not clear at present.
ODNs Sequence However, it seems likely that in base pairing of 4c with T the chro-
1 5/-d(CGCAATXTAACGC)-3' (X = 4c) mophore of 4c¢ is located aF a hydrophobic site inside the groove as
2 5/-d(CGCAACXCAACGC)-3' (X = 4c) suggested by the fact that intense fluorescence of 4c appeared only
3 5/-d(GCGTTANATTGCG)-3' (N=A, G, C, T) in non-polar environment. Thus the microenvironment around 4c
4 5'-d(GCGTTGNGTTGCG)-3' (N=A, G, C, T) when base paired with T is slightly different from those for other
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Figure 3. Fluorescence spectra of ODN 1 (a) and ODN 2 (b) together with those of the duplexes formed by hybridization with ODN 3 and 4 (N = A, T, G, C), respectively (2.5 pM
ODNs, 50 mM sodium phosphate, 0.1 M sodium chloride, pH 7.0, rt). (c) Fluorescence image of ODN 1 (ss) and the duplexes formed with ODN 3 (N=A, T, G, C) under
illumination with transilluminator (365 nm). ‘ss’ denotes single stranded ODN.
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Table 2
Thermal melting behavior of ODNs*

X/N ODN 1/ODN 3 (°C) ODN 2/ODN 4 (°C)
4c/A 496 58.0
4c/G 515 58.1
4c|T 48.7 55.4
4c/C 52.5 59.3
G/C 58.7 63.8

@ All Tp,s of ODNs (2.5 UM conc.) were measured in 50 mM sodium phosphate
buffers (pH 7.0) containing 100 mM sodium chloride.

bases (A, G) on the opposite site, not inconsistent with melting
temperature experiments (Table 2).

In conclusion, we have succeeded in the molecular design of a
solvatofluorochromic 2’-deoxyguanosine derivative for the first
time. We found that acetyl substitution on the aromatic moiety
of 8-arylethynylated 2’-deoxyguanosine induces a remarkable sol-
vatofluorochromic property. We also demonstrated that fluores-
cent deoxyguanosine 4c¢ can be used as a thymine specific base-
discriminating fluorescent (BDF) nucleoside in homogenous fluo-
rescence assay. Fluorescence DNA probes containing BDF base 4c
are very useful for genetic analysis to detect point mutations and
SNPs and may provide multiplexing capability.
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