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We present the facile technique of colorimetric SNP (single nucleotide polymorphism)
analysis through DNA-templated cooperative complexation between a luminescent lanthanide
ijon (Ln(ITI): Tb(III) or Eu(III)) and two ODN (oligodeoxyribonucleotide) conjugates
carrying a metal chelator. EDTA (ethylenediaminetetraacetic acid) ) and
1, 10-phenanthroline (phen) were covalently attached to ODNs to form conjugates for
application as capture and sensitizer probes. The sequences of the conjugates were
designed so as to form a ternary tandem duplex with the target, where their auxiliary
units face each other, providing a microenvironment to accommodate Ln(III). The
characteristic emissions of the Tb(III) and Eu(III) ions were clearly observed in the
presence of the full-matched target DNA. On the other hand, the emissions from the mixed
solutions with the mutant containing one base displacement were marginal.
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Fig. 1. Schematic illustration of DNA-templated
formation of lanthanide complex.
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Fig. 2. Schematic illustration of the ATP sensor
based on a lanthanide complex molecular beacon
(LCMB).
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Scheme 2. Synthesis of EDTA-modified probe
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Scheme 3. Synthesis of LCMB.
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Fig. 3. Time-resolved emission spectra of the
solutions containing two ODN probes with (full
matche : solid line, mismatch : dashed line) or
without (dotted line) targets in presence of Tb>*
at 30 °C. The excitation wavelength was 280
nm. Concentrations of the probes, targets and
Tb*" added in the buffered solution (10 mM
HEPES containing 1.0 M NaCl, pH 7.0) were all
1.0 uM. Delay: 50 ps; window time: 2 ms;
emission and excitation slit: 10 nm.
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Fig. 4. Time-gated emission spectra (A = 280
nm) of solutions containing LCMB with (solid
curve) and  without (dashed  curve)
complementary DNA in the presence of (a)
Tb(IlT) or (b) Eu(Ill). Measurements were
carried out in buffered solution (10 mM HEPES
containing 50 mM NaCl, pH 7.0) at 0 °C.
Concentrations of LCMB and Ln(IIl) were 1.0
1M, and that of complementary DNA was 5.0
uM. Delay time: 50 ps; gate time: 2.0 ms. Inset:
Luminescence images of solutions of
Ln(Ill)-LCMB (left) and Ln(Il)>)LCMB1 +
complementary DNA (right) at 5 °C. Excitation
source: low-pressure mercury lamp (6 W).

AFLTRL, Lo T BENE RO FE2NA

L, LT IR —DEEERIERICE B
RN, TTHE— TS, AR T D K
BENEEEL . T ARBFOHBEE L5
ZERTREIND, EEEATP 7S ¥~ —Rld
ETAHALH—Tx—A (iATP) T
FIEEDEBHREZ T > THD L, Fig. 5IZRT &
I ATP RS TN EEDL Z LN TE
770 BERSFITIS T IR ~v— 2 HlHT 5
ZETRIT A, AT ==Y 1%
VLB T LRE D,

= g

Z 100 1.00

=

g

£ 0.80

c

S

2 0.60

&

5 0.40

@

N

g 0.20

5 0.08 0.05 ny

Z 0.00 || — :
ATP uTP GTP cTP

Fig. 5. Normalized emission intensities at 611 nm of
solution containing Eu(IIl)-LCMB/iATP in the
presence of 20 pM NTPs. Concentrations of
LCMB/iATP and Eu(Ill) were 1.0 and 5.0 uM,
respectively. The measurements were carried out in
a 10 mM HEPES buffer containing 100 mM NaCl
and 5 mM MgCl, (pH 7.0). Excitation wavelength
was 280 nm. Delay time and gate time were 50 us
and 2.0 ms, respectively.
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