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Click Chemistry as an Efficient Method for Preparing a Sensitive DNA Probe
for Photochemical Ligation

Takehiro Ami and Kenzo Fujimoto*[a]

Genetic science entered a new stage with the progress of the
genome project. As new genes are rapidly being identified, ex-
amination of their functions is becoming more important, es-
pecially in the field of biology, where the focus is shifting from
individual genes and proteins to the interactions between the
enormous numbers of proteins and their involvement in vari-
ous life phenomena. Technology that cuts and ties DNA and
DNA enzymes such as DNA ligase is essential to this research.
Although enzymatic ligation methods have advantages, there
are many limitations. For example, enzyme-linked assays need
to include a careful selection of the most suitable
conditions, including temperature, pH, and salt con-
centration, because of the use of enzymes and the
fact that ligases have low activities for RNAs.[1] Fur-
thermore, although very short probes have the high-
est sequence specificity, ligase enzymes are ineffi-
cient with short oligonucleotides.[2] For a alternative
to enzymatic ligation methods, we have reported a
highly efficient and reversible template-directed
DNA photoligation procedure.[3] Template-directed
photoligation with 5-carboxyvinyl-2’-deoxyuridine
(CVU)[3] can be used for detecting DNA or RNA se-
quences with high sensitivity. However, in photoliga-
tion with CVU, a long photoirradiation time at
366 nm is required to complete photoligation. To
overcome the limitation of photoligation with CVU,
we now report a new photosensitive probe that
takes advantage of the electronic structural changes
associated with the formation of triazole rings[4] in
the CuI-catalyzed version of the azide–alkyne cyclo-
addition reaction[5] (“click” reaction[6]) discovered by
the groups of Meldal[7] and Sharpless.[8] In the field
of nucleic acid chemistry, CuI-catalyzed azide–alkyne
cycloaddition has been used for labeling oligonucle-
otides with a range of moieties, such as fluorescein,
for example,[9–19] for coupling oligonucleotides to
monolayers,[20] and for templated strand ligation.[21]

As an example, we report an efficient procedure for
preparing DNA probes for quick SNP typing through
photochemical ligation.
The nucleoside phosphoramidite of 5-ethynylvinyl-2’-deoxy-

uridine (EVU) was prepared, and this monomer was incorporat-

ed into an ODN by standard automated DNA synthesis proto-
cols. After deprotection and purification of the oligomer, an
ODN containing EVU—5’-dACHTUNGTRENNUNG(EVUGCGTG)-3’, or ODN ACHTUNGTRENNUNG(EVU)—was
characterized by MALDI-TOF-MS.
Four azides were purchased or synthesized by a method re-

ported in the literature,[22] and Huisgen cycloadditions between
the ODN ACHTUNGTRENNUNG(EVU) and the azides were carried out. After purifica-
tion of the products, photoresponsive ODNs (Scheme 1) were
characterized by MALDI-TOF-MS (see the Supporting Informa-
tion).

We next determined the feasibility of photoligation of these
triazole-ring-containing ODNs and ODN(C) in the presence of
ODN(6G) (Scheme 2). ODN ACHTUNGTRENNUNG(NTVU) and ODN(C) were irradiated

Scheme 1. A) Synthesis of photoresponsive ODNs. B) Structures of photoresponsive
ACHTUNGTRENNUNGnucleosides CVU, BTVU, PTVU, MPTVU, and NTVU.

Scheme 2. Schematic illustration of photoligation of photoresponsive ODNs
and ODN(C) in the presence of ODN(6G).
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at 366 nm at 0 8C in the presence of template ODN(6G). HPLC
analysis of a mixture of ODN ACHTUNGTRENNUNG(NTVU) and ODN(C) photoirradiated
with template ODN(6G) indicated clean and efficient formation
of ligated ODN ACHTUNGTRENNUNG(C�NTVU) and the concomitant disappearance of
ODN ACHTUNGTRENNUNG(NTVU) and ODN(C) (Figure 1). MALDI-TOF MS indicated

that ODN ACHTUNGTRENNUNG(C�NTVU) was a ligated product of ODN ACHTUNGTRENNUNG(NTVU) and
ODN(C). The molecular weight of (C�NTVU) was equal to the
sum of the molecular weights of ODN ACHTUNGTRENNUNG(NTVU) and ODN(C) (see
the Supporting Information). We also determined the feasibility
of photoligation of the photoresponsive ODNs and ODN(C) in
the presence of ODN(6G) (see the Supporting Information).
The times required to reach 50% conversion and the molar

extinction coefficients (366 nm) for photoligation with photo-
responsive ODNs and ODN(C) in the presence of ODN(6G) are
shown in Table 1. The photoligation rates with ODN ACHTUNGTRENNUNG(BTVU) are

more rapid than those with ODN ACHTUNGTRENNUNG(CVU). This result shows that
the triazole rings, which have electron-donating characters, ef-
fectively accelerate the photoligation. The photoligation rates
with ODN ACHTUNGTRENNUNG(PTVU) are more rapid than those with ODN ACHTUNGTRENNUNG(BTVU).
This result is because the phenyl group has stronger electron-
donating properties than the benzyl group. Moreover, the pho-
toligation rates with ODN ACHTUNGTRENNUNG(MPTVU) and ODN ACHTUNGTRENNUNG(NTVU), which have
more strongly electron-donating substituents, were more
rapid. The time needed for photoligation to reach 50% conver-
sion with ODN ACHTUNGTRENNUNG(NTVU) was one-fourth of the time with ODN

ACHTUNGTRENNUNG(CVU). Photoligation on a timescale of seconds becomes possi-
ble with NTVU (Figure 2).
We also determined the feasibility of photoligation of the tri-

azole-ring-containing ODNs and ODN(T) in the presence of

ODN(6A). In this case, it was also shown that the photoligation
rates with triazole-ring-containing ODNs are more rapid than
the photoligation rates with ODN ACHTUNGTRENNUNG(CVU). The times needed for
photoligation to reach 50% conversion of the triazole-ring-
containing ODNs were shorter than 20 s (see the Supporting
Information).
To show that this new photosensitive ODN probe is suitable

for practical use, we performed a quick single nucleotide poly-
morphism (SNP) typing as an example. We synthesized ODN
ACHTUNGTRENNUNG(BNTVU), containing a naphthyl triazole moiety and biotin, first
synthesizing a naphthyl-azide-containing biotin derivative, and
then carrying out a Huisgen cycloaddition between the azide
and ODN ACHTUNGTRENNUNG(EVU). After purification of the products, ODN ACHTUNGTRENNUNG(BNTVU)
was characterized by MALDI-TOF-MS.
We constructed the DNA chip by attaching amino-labeled

ODNs onto an aldehyde-modified glass surface. A glass chip
spotted with target [ODN(WT) or ODN ACHTUNGTRENNUNG(MUT) and ODN ACHTUNGTRENNUNG(BNTVU),
2 mm] was irradiated at 366 nm for 10 min in sodium cacody-
late buffer (50 mm, pH 7.0; Figure 3B). After the chip had been
washed with deionized water at 98 8C for 5 min, a phosphate-
buffered saline (PBS) solution of streptavidin–Cy3 conjugate
was added to the surface, and the chip was washed twice in
PBS. Fluorescence signals were detected on a microarray scan-
ner. As shown in Figure 3C and D, we measured strong fluores-
cence signals from the photoligated product in the completely
complementary case, showing a measured rate 103 times
higher than that in the case with a single mismatch in the
target sequence.
In the photochemical mismatch detection, there are two

possible sources of specificity: the ligation reaction itself and
the hybridization selectivity between the target and capture
strands. A conventional way of increasing target selectivity is
to wash the DNA chip with a buffer solution at a suitable tem-
perature, which results in the dehybridization of DNA duplexes

Figure 1. HPLC analysis of photoligation with ODN ACHTUNGTRENNUNG(NTVU) and ODN(C) in the
presence of ODN(6G).

Table 1. Times required to reach 50% conversion for photoligation of
photoresponsive ODNs and ODN(C) in the presence of ODN(6G), togeth-
er with molar extinction coefficients (366 nm) of photoresponsive nucleo-
sides.

X Time to reach 50% conversion [s] e at 366 nm [m�1 cm�1]

CVU 75 112
BTVU 38 845
PTVU 33 1008

MPTVU 30 1095
NTVU 16 1410

Figure 2. Comparison of photoligation rates with ODN ACHTUNGTRENNUNG(CVU) (*) or ODN ACHTUNGTRENNUNG(BTVU)
(*), ODN ACHTUNGTRENNUNG(PTVU) (~) or ODN ACHTUNGTRENNUNG(MPTVU) (~), or ODN ACHTUNGTRENNUNG(NTVU) (&) and ODN(C) in the
presence of ODN(6G).
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formed from noncomplementary strands. Mutation detection
by the traditional method shows only hybridization specificity,
so the loss of DNA duplexes of matched sequences, particular-
ly during the washing step employed to remove noncomple-
mentary strands from the DNA chip, together with incomplete
washing out of the mismatched sequences, decreases the se-
lectivity. In contrast, the fluorescence image after use of the
photochemical ligation method showed no loss of the biotin-
tagged probe strand, due to the covalent bonding between
the capture and probe strands. Moreover, mismatched duplex-
es and other components with the potential to harm the fluo-
rescence imaging were eliminated completely by the high
temperatures. Handling of our system is also easier than the
traditional method, because our system can achieve selectivity
without the annoying requirement for thermal stringency
during the photochemical ligation reaction.[3e] Additionally we
have already tested the generality of the photochemical SNP
typing method with various sequences in our previous
works.[3e,23]

In summary, we have synthesized a new photosensitive ODN
probe for rapid photoligation through CuI-catalyzed Huisgen
1,3-dipolar cycloadditions. We have succeeded in performing

photoligation on a timescale of seconds. We have also synthe-
sized a photochemical probe for quick SNP typing by Huisgen
cycloaddition. Biotin was incorporated with the photochemical
probe in this report ; however, this method can be employed
for various types of labeling, such as spin labeling, which is re-
quired in investigation of the structures and dynamics of pro-
teins[24] and nucleic acids[25,26] by electron paramagnetic reso-
nance,[27] and labeling with ferrocene,[28] which is a privileged
label for electrochemical detection of biomolecules.[29,30,31] This
technique can be applied to upgrade and functionalize the
photoligation probe and thus contribute to the development
of genetic science.
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