
Specific Amino Acid Sensing Using a Single Acridone-labeled DNA Aptamer

Hiroaki Ozaki,*1 Yasuhisa Hagiwara,1 and Masayasu Kuwahara2
1Department of Chemistry and Chemical Biology, Graduate School of Engineering,

Gunma University, Maebashi, Gunma 371-8510
2Department of Chemistry and Chemical Biology, Graduate School of Engineering,

Gunma University, Kiryu, Gunma 376-8515

(Received May 16, 2012; CL-120414; E-mail: h-ozaki@gunma-u.ac.jp)

Acridone is an attractive fluorescent molecule for use in
DNA probes. Sensing molecule, which has acridone as a
signaling moiety and DNA aptamer as a recognition moiety, was
prepared by postsynthetic modification method. The fluores-
cence of this sensing molecule changed depending on the DNA
structure and L-argininamide could be detected by this molecule.
This strategy could provide a quencher-free aptamer beacon.

Detection of specific small molecules involved in cellular
processes is important for disease diagnosis and for studying
these cellular processes. Aptamers are attractive candidates as
recognition moieties because they have high affinities for
specific molecules similar to those of antibodies. Also, similar
to antibodies, they can be prepared for any type of molecule.
Aptamers are single-stranded nucleic acids, which are prepared
by in vitro selection.13 Fluorescence labeling of aptamers
provides signaling aptamers for specific molecules. Several
signaling aptamers have been reported.4,5 We have also reported
a fluorescent DNA probe to detect L-argininamide, which is
composed of an aptamer, a fluorophore, and a quencher.6

A fluorescent-labeled molecule is an essential tool for
studying biomolecules. Fluorescent molecules such as fluores-
cein, pyrene, and cyanine dyes have been used in these studies.7

Recently, acridone derivatives have been used by us and in other
studies as fluorescent labels for nucleic acids.810 Acridone is
resistant to photobleaching and has a longer fluorescence
lifetime (ca. 14 ns in ethanol) than fluorescein. In addition,
acridone has a high quantum yield in a polar solvent. In a
previous study, acridone-labeled DNA was used as a donor for
a fluorescence resonance energy transfer (FRET) to detect
target DNA strands.9 A dabcyl group of dabcyl-labeled DNA
quenched the acridone emission when it was close to the
acridone moiety. Thus, it was found that the pair of acridone
and dabcyl functioned as a FRET pair. In addition, acridone
emission was quenched by guanine, which was close to
acridone, on a complementary strand. This result suggested that
acridone could be used as a quencher-free probe because
guanines are present in native DNA. Also, Saito et al. reported
G-quenched molecular beacon using an acridone-labeled
DNA.11

Based on this concept, we synthesized a 5¤-acridone-labeled
aptamer because it had been reported that a 5¤-acridone-labeled
aptamer could specifically detect L-argininamide without an
additional quencher.12 Scheme 1 shows the concept of the
acridone-labeled aptamer. In this study, we studied the 3¤-
terminal sequence of the 5¤-acridone-labeled aptamer. This
improved acridone-labeled aptamer exhibited suitable properties
as a quencher-free aptamer beacon.

The synthetic scheme and DNA sequences of acridone-
labeled DNA are shown in Figure 1 along with synthesis of
AcrDNA-1 reported previously.12 The DNA sequence was based
on the DNA aptamer bound to L-argininamide reported by
Harada et al.13 DNA-3 was two bases shorter than DNA-2, and
DNA-1 had a terminal CG pair that replaced the AT pair of
DNA-2. DNA-1DNA-3 were either synthesized by a standard
phosphoramidite method or purchased from Japan Bio Services
Co., LTD. (Saitama, Japan).

An N-hydroxysuccinimide ester of 2-acridoneacetic acid
(compound 1) was synthesized by a previously described
method.8,14 Compound 1 was reacted with 5¤-amine-modified
DNA-1DNA-3 under basic conditions. Isolation of acridone-
attached DNA (AcrDNA-1AcrDNA-3) was performed by
a reversed-phase HPLC and characterized by ESI-MS.15 The
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Scheme 1. Detection system for L-argininamide using an
acridone-labeled aptamer.
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Figure 1. Synthesis of acridone derivatives and acridone-
labeled DNAs. Synthesis of AcrDNA-3 has been reported
previously.12
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photophysical properties of acridone derivatives have been
previously described.9 Briefly, the absorption maxima of
2-acridoneacetic acid were 388 and 407 nm in water, and the
emission maxima were 422 and 448 nm. These properties were
dependent on the solvents used. The fluorescent intensity
decreased with decreasing solvent hydrophobicity. The fluores-
cent intensity was also dependent on the neighboring base. In
particular, fluorescence was quenched by guanine. This property
of acridone will result in a quencher-free probe.

First, temperature-dependent fluorescent spectra of acri-
done-attached DNA were measured (Figure 2).18 Fluorescence
intensities of AcrDNA-3 at 423 nm increased with increasing
temperature along a sigmoid curve. Because the three base pairs
in the stem can form at a low temperature, the acridone moiety at
5¤-terminus is close to the 3¤-terminus in a stemloop structure.
Acridone fluorescence is quenched by guanine at the 3¤-
terminus. However, at a higher temperature, the acridone moiety
is away from the 3¤-terminus because the stemloop structure
is not formed. Addition of an AT pair at the DNA-3 terminus
disturbed the quenching of acridone fluorescence (AcrDNA-2),
although the four base pairs could be formed in the stemloop
structure. This was consistent with a previous report, which
indicated that acridone emission was quenched by a nearby
guanine rather than other bases. This quenching by guanine
could be because of its good electron-donating ability.16,17

Addition of a GC pair at the DNA-3 terminus, which resulted
in three consecutive guanine residues at the 3¤-terminus, showed
large temperature-dependent changes in the fluorescence inten-
sity (AcrDNA-1). These results indicated that acridone fluores-
cence was effectively quenched by the three consecutive guanine
residues at the 3¤-terminaus in the stem region of 5¤-acridone-
labeled DNA.

The DNA sequence used in this study was a DNA aptamer
for L-argininamide. When L-argininamide was bound to DNA,
the stemloop structure was stabilized. At an appropriate
temperature, the structure of the DNAligand complex changes
from that of free DNA (Scheme 1). We previously reported a

similar detection system using a fluorophore- and quencher-
labeled aptamer.6 In that study, the binding affinity of the labeled
aptamer against L-argininamide was almost the same as that of
the original aptamer.

Fluorescence titrations of acridone-labeled DNA
(AcrDNA-1 and AcrDNA-2) with L-argininamide are shown
along with that of AcrDNA-3 in Figure 3. The fluorescence
titration experiments were performed at 45 °C, at which the
ratio of stemloop structure of AcrDNA-1 in the absence of
L-argininamide was ca. 50% considering the result shown in
Figure 2. Fluorescence intensities of AcrDNA-2, which did not
have guanine at its 3¤-terminus, did not change much by addition
of L-argininamide. In contrast, the fluorescence intensities of
both AcrDNA-1 and AcrDNA-3 decreased with increasing
concentration of the ligand. The binding of L-argininamide to
each DNA resulted in formation of the stemloop structure,
and the acridone moiety at the 5¤-terminus was close to the
3¤-terminal nucleoside. The 3¤-terminal guanines of AcrDNA-1
and AcrDNA-3 could quench acridone fluorescence, while the
3¤-terminal thymine of AcrDNA-2 did not quench much. In
addition, AcrDNA-1 bearing three consecutive guanine residues
exhibited greater fluorescence changes according to the concen-
tration of L-argininamide than AcrDNA-3 bearing two consec-
utive guanine residues. The potent sensitivity of the present
acridoneaptamer (AcrDNA-1) is ca. 1.5 times greater compared
with the previous one (AcrDNA-3). As described above, the
3¤-terminal consecutive guanine residues are essential for this
L-argininamide detection system.

The binding affinities, which were estimated from the
change in the fluorescence intensity, were 338¯M for
AcrDNA-1 and 568¯M for AcrDNA-3. This indicates that
four base pairs are required in the stem region of this aptamer.

To investigate the specificity of this labeled aptamer,
titrations with several ligands were performed. The results are
shown in Figure 4. L-Arginine, L-glycine, L-lysine, and guani-

Figure 2. Temperature-dependent changes in the fluorescence
intensity at 423 nm. AcrDNA-1 (circles), AcrDNA-2 (triangles),
and AcrDNA-3 (squares). Concentration of DNA, 0.2¯M;
excitation wavelength, 388 nm; buffer, 10mM sodium phos-
phate (pH 7.0). F is the fluorescence intensity at each temper-
atures and F0 is the fluorescence intensity at 80 °C.

Figure 3. Fluorescence titrations of AcrDNA-1 (circles),
AcrDNA-2 (triangles), and AcrDNA-3 (squares). Concentration
of AcrDNA, 0.2¯M; temperature, 45 °C; excitation wavelength,
388 nm; emission wavelength, 423 nm; buffer, 10mM sodium
phosphate (pH 7.0). F is the fluorescence intensity at each
concentration of L-argininamide, and F0 is the fluorescence
intensity in the absence of L-argininamide.
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dine were used as similar ligands. Addition of L-argininamide
decreased the fluorescence intensity from acridone depending on
the concentration of L-argininamide. Because addition of other
ligands did not result in changes in the fluorescence intensity,
this modified aptamer maintained its selectivity for L-arginin-
amide.

Compared with conventional doubly labeled aptamer
beacon, this acridone-labeled aptamer was easily prepared from
5¤-amine-modified DNA and a succinimide ester of 2-acridone-
acetic acid. Three consecutive guanine residues in the stem
region could effectively quench acridone fluorescence. The
fluorescence intensity of this molecule changed depending on

the concentration of L-argininamide, and its specificity for
L-argininamide remained unchanged after labeling. Acridone
labeling of DNA could thus be useful for detecting specific
molecules because it produces a quencher-free aptamer beacon.
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Figure 4. Fluorescence titration of AcrDNA-1 with several
L-amino acids and guanidine. L-Argininamide (closed circles),
L-arginine (closed squares), L-glycine (closed triangles), L-lysine
(open circles), and guanidine (open squares). Concentration of
AcrDNA-1, 0.2¯M; temperature, 45 °C; excitation wavelength,
388 nm; emission wavelength, 423 nm; buffer, 10mM sodium
phosphate (pH 7.0). F is the fluorescence intensity at each
concentration of L-argininamide, and F0 is the fluorescence
intensity in the absence of L-argininamide.
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