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We developed a metal ion chelate-assisted ligation for SNP detection by microarray. An oligonucleotide
probe was separated into two 9-10-mers bearing iminodiacetic residues at the gap point. Duplex forma-
tion with the DNA target was possible only if nickel ions were added, but a nucleotide substitution oppo-
site the gap point prevented duplex formation. Here we demonstrate the application of this approach for
SNP detection (A1298C) within the 5,10-methylenetetrahydrofolate reductase gene on a microarray.

� 2009 Elsevier Ltd. All rights reserved.
Modified nucleic acids are widely used for inhibition of gene
expression (antisense, aptamers, siRNA)1 and as probes for DNA
and RNA detection by hybridization2 or PCR.3 Single nucleotide
polymorphism (SNP) is the most frequent mutation (more than
1.2 million in the human genome). SNPs cause a number of hered-
itary diseases4 or drug resistance (i.e., for HIV-15) and their list
increases every year. Recently a lot of approaches for SNP detection
have been suggested. Only sequencing gives a general solution for
SNP detection. As a result of significant developments in next-gen-
eration sequencing,6 it is the method of choice for personal genom-
ics in the near future. However, today only a limited number of
mutations are often identified in the area of interest, so real-time
PCR7 and microarrays2 are more widely used. Microarrays give
more opportunities, but usually suffer from low sensitivity and
false-positive results. Single base extension (SBE) technique8 and
solid-phase ligation9 are the most effective ones, but are not robust
enough and are expensive. In this study we developed a metal ion
chelate-assisted ligation for SNP detection on a microarray. An oli-
gonucleotide probe was separated into two 9-10-mers bearing
iminodiacetic (IDA) residues at the gap point. Duplex formation
with the DNA target was possible only if Ni2+ ions were added. A
nucleotide substitution opposite to the gap point prevented duplex
formation. Here we demonstrate the application of this approach
for SNP detection (A1298C) within the 5,10-methylenetetrahydrof-
All rights reserved.

: +7 495 939 3181.
olate reductase (NADPH) gene (rs18011331) on a home-made
microarray.

Ligation of oligonucleotides on NA matrixes by unnatural chem-
ical reactions is widely used for detection of DNAs, cellular RNAs,
reaction discovery and drug release.10 A number of papers deal
with the synthesis of oligonucleotides bearing chelating groups.
They have been used as artificial nucleases (RNA hydrolysis or
DNA oxidative disruption)11, for luminescent labeling with lantha-
nide ions,12 for duplex or triplex stabilization,13 fluorophor
quenching in molecular beacons14 and DNA detection.15 Balasubr-
amanian and co-workers16 gave conclusive proof for enhanced
cooperative complex formation by two oligonucleotides linked by
metal ion chelation in the presence of a complementary DNA
template.

We synthesized oligonucleotides with amino groups at 50- or 30-
end (Table 1).17 Two variants of amino group attachment were
used: either incorporation of 50-amino-50-deoxythymidine
(Fig. 1b), 30-amino-30-deoxythymidine (Fig. 1a) or 6-aminohexanol
(Fig. 1c and d). Oligonucleotides with 30-amino-30-deoxythymidine
residues were synthesized by reversed DNA synthesis. Carbodiim-
ide-assisted acylation of amino oligonucleotides with nitrilotriace-
tic acid (NTA) gave desired compounds in high yields. To prevent
formation of double/triple conjugates of the oligonucleotides, a
large excess of NTA was used. Due to low solubility we used a
NTA-based buffer for acylation.18

Then we studied the influence of modifications on duplex sta-
bility by UV-melting in PBS buffer (100 mM NaCl, 10 mM NaH2PO4,
pH 7) (Table 2). A gap in the duplex dramatically decreased ther-
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Table 1
Oligonucleotides used in this study

HEG—hexaethylene glycol.

Table 2
Duplex stability measured by UV-melting

Oligos in duplex
with 1 or 1*

Schematic structure
of the duplex

Tm (DTm)

0 mM
Ni2+

1 mM Ni2+

Oligo 1 Oligo
1

Oligo
1*

2 60 nd 50
(�10)

3+4 22
(�38)

nd nd

5+6 20
(�40)

35
(�25)

—

7+8 19
(�41)

45
(�15)

—

9 43
(�17)

44
(�16)

39
(�21)

10 43
(�17)

44
(�16)

38
(�22)

Nd—not determined.
DTm = [Tm(n) � Tm(1 + 2)].
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mal stability (Tm changed from 60 to 22 �C). A slightly negative
influence of IDA residues on duplex stability was observed due to
charge repulsion (Table 2). First we studied use of magnesium ions
for complex formation, but observed a two-phase melting curve
that suggested an equilibrium in IDA-Mg2+ interactions. Then we
used Ni2+, which forms more stable complexes with EDTA
(log K = 20.4 vs 8.8 for Mg2+).19 We expected the same increase in
complex stability for two IDA residues that approach each other.
Addition of nickel ions significantly increased duplex stability in
the case of IDA-oligonucleotides (Table 2). The use of a long linker
gave better results in comparison to a short linker (Table 2). The
observed duplex stability was close to that obtained for a bulged
17-mer (bulge was formed either by three dT residues or by a
hexaethylene glycol insertion). Lower stability in the case of the
short linker could be a result of the duplex distortion during che-
late formation. In both cases such ligation is reversible and addi-
tion of EDTA destroys the complex.

As the aim of this study was to analyze PCR mixtures containing
magnesium ions, we made a model experiment. Three duplex-
forming oligos were dissolved in PCR buffer (10 mM Tris–HCl,
50 mM KCl, 2.5 mM Mg2+, pH 8.3) and then 2.5 mM EDTA was
Figure 1. IDA-modified oligonucleotides.
added to capture magnesium ions followed by 1 mM nickel ions
over 1 h. EDTA complexes are kinetically stable under basic condi-
tions, but we observed rather modest stabilization. Only slight
duplex stabilization was observed when we changed the buffer
to PBS with 2.5 mM Mg2+, 2.5 mM EDTA followed by 3 mM nickel
ions or the same without EDTA. The mixture was stored at rt over-
night or more to achieve equilibrium, but again only partial duplex
a,b—short linkers, c,d—long linkers.
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stabilization was observed. So the only way to analyze the PCR
mixtures was to remove magnesium ions from the solution and
to work in PBS buffer.

Then we designed the microarray assay for SNP detection
(Fig. 2). Probe 1 (oligonucleotide 15) was immobilized on a glass
slide, and then we added labeled ssDNA to be studied, probe 2 (oli-
gonucleotides 11 or 12) and Ni2+. Since hybridization occurs only in
case of a perfectly matched duplex, we expected to carry out SNP
discrimination. In a control experiment a full length 19-mer oligo-
nucleotide (oligonucleotides 13 or 14) was immobilized on an
aldehyde slide.

We synthesized probes that could be used in the microarray
experiments (Table 1). A 50-MMTr-protected diamino oligonucleo-
tide was 30-acylated followed by 50-amino group deprotection
(Scheme 1). Probe 1 was immobilized on the aldehyde glass micro-
scope slide.20
Figure 2. Principle of SNP detection on microarrays based on IDA-modified
oligonucleotides.
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Figure 3. SNP detection on miroarrays based on IDA-modified oligonucleotides. (A) I
fluorescence intensivity.

Scheme 1. Synthesis of probe 1 (Fig. 2A and B). (a) aq ammonia, 55 �C, overnight;
(b) NTA, water-soluble carbodiimide; (c) 80% AcOH, 1 h.
The DNA target was labeled during PCR by use of Cy3- or Cy5-
dCTP (GE Healthcare). Fluorescently labeled samples for hybridiza-
tion were generated by nested PCR with primers 16, 17 (see Table
1). dsDNA (one chain with biotin) was immobilized on streptavi-
din-coated magnetic beads and one chain was eluted.21 Then
ssDNA and probe 2 (oligonucleotide 11 or 12) were dissolved in
PBS buffer with nickel ions, mixed with hybridization buffer and
applied to the microarray area. Hybridization was performed over-
night at rt.22

If standard 19-mer oligonucleotide 13 or 14 was used for
hybridization, only 1.42 and 1.27 discrimination factors were ob-
served respectively (Fig. 3). In the case of the metal chelation as-
sisted ligation, the discrimination factor increased up to 16.7 and
6, respectively. In spite of a slight decrease of fluorescence due to
lower duplex stability, the resolution between the two genotypes
dramatically increased. We hope that this approach would be
widely used for SNP detection.
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