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1. Introduction

The 1,3-dipolar cycloaddition reaction of azides and
alkynes—the Huisgen reaction[1]—has recently found a
tremendous number of novel applications[2] (ca. 1000 publi-
cations) after the discovery that it can be efficiently catalyzed
by copper(I) [Eq. (1)].[3] The multistep copper-catalyzed
azide–alkyne cycloaddition (CuAAC), which is reviewed
herein, is presently the most prominent example of a group
of reactions named click reactions.[4] According to Sharpless/

definition, these reactions are charac-
terized by high yields, mild reaction
conditions, and by their tolerance of a
broad range of functional groups. Typ-
ically, the reactions require simple or
no workup or purification of the prod-
uct.

The most important characteristic
of the CuAAC reaction is its unique

bioorthogonality, as neither azide nor terminal alkyne func-
tional groups are generally present in natural systems. Awide
range of biomolecules has thus been labeled to date, including
peptides,[5] proteins,[6] polysaccharides,[7] and even entire
viruses[8] and cells.[9] The use of this method for DNA
modification has been somewhat delayed by the fact that
copper ions damage DNA, typically yielding strand breaks.[10]

As these problems have now been overcome by the use of the
copper(I)-stabilizing ligand tris(benzyltriazolylmethyl)amine
(TBTA),[11] the CuAAC reaction is in an excellent position to
take over as the state-of-the-art methodology to label and
modify DNA.

In a variety of applications, such as molecular diagnostics,
DNA needs to bear labels (e.g. fluorescent dyes) for detection
of the DNA molecule. Moreover, biotin is often attached to
DNA to facilitate DNA purification, or most recently,
carbohydrates have been used to functionalize DNA to allow
selective silver deposition or to set up carbohydrate micro-
arrays. Two general strategies exist for the labeling of
oligonucleotides, called presynthetic and postsynthetic label-
ing (Figure 1). Presynthetic labeling denotes that the nucle-
otide monomers already carry the desired label before DNA
synthesis, deprotection, and purification. That is, these
modified oligonucleotides are incorporated into the DNA
strand during the usual phosphoramidite process. Postsyn-
thetic labeling requires the introduction of a small reactive

The attachment of labels onto DNA is of utmost importance in many
areas of biomedical research and is valuable in the construction of
DNA-based functional nanomaterials. The copper(I)-catalyzed
Huisgen cycloaddition of azides and alkynes (CuAAC) has recently
been added to the repertoire of DNA labeling methods, thus allowing
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oligonucleotides and large gene fragments with unprecedented effi-
ciency. The CuAAC reaction yields the labeled polynucleotides in very
high purity after a simple precipitation step. The reviewed technology
is currently changing the way in which functionalized DNA strands are
generated cost-efficiently in high quality for their application in
molecular diagnostics systems and nanotechnological research.
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moiety into DNA, which can be coupled to the label after
completion of DNA synthesis.

In the presynthetic strategy (Figure 1A) a phosphorami-
dite bearing the desired label is synthesized, which needs to
be stable enough to survive the harsh conditions employed
during solid-phase synthesis (acidic, alkaline, and oxidative
conditions) and deprotection (strongly alkaline conditions) of
the DNA strand. Additionally, the phosphorus(III) atom of
the phosphoramidite group, which is susceptible to oxidation
to phosphorus(V) in the corresponding phosphoramidate,
needs to be stable in the presence of the label. This method
thus excludes the use of labels with reactive functional groups
or inherent base- or acid-sensitivity. Alternatively, the label
can be prepared as the corresponding triphosphate, in which
case DNA polymerases are used to insert the label during

primer extension or polymerase chain reaction (PCR). This
method is limited to those modifications which are accepted
as substrates by polymerases, and there are often steric
limitations.

In the postsynthetic labeling strategy (Figure 1B), a small
reactive group is introduced into DNA, which can then be
conjugated to the desired functional molecule in a selective
manner after DNA synthesis and deprotection. Presently, the
most widely utilized method for postsynthetic labeling is to
prepare DNA bearing an amino group (amino modifiers),
which reacts with an active ester functional group (e.g.
N-hydroxysuccinimide units) of the desired modification.[12]

Sensitive or reactive moieties can be introduced in this way,
but the strategy is highly dependent on the selectivity and
efficiency of the postsynthetic modification step. This strategy
allows for a higher degree of modularity, because changing
the label does not require a novel nucleotide synthesis, as in
the case with presynthetic labeling. However, the low
coupling yields and the need for intensive oligonucleotide
purification by HPLC after labeling limit this approach and
make labeled oligonucleotides very expensive compounds.
Nucleobases that carry the reactive amino group can also be
used as triphosphates for the incorporation into DNA by
either primer extension or PCR.[13]

The CuAAC reaction offers solutions to the issues
addressed above. The chemistry is clean and high-yielding
and operates at mild conditions. To allow oligonucleotide
modification by this reaction, however, DNA building blocks
are required which carry either alkyne or azide functional
groups. As depicted in Scheme 1, alkyne or azide function-
alities have already been attached to many different positions
on DNA. Moreover, a number of non-nucleosidic alkyne or
azide DNA modifiers have been prepared.[14,15] It must be
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Figure 1. Schematic representation for presynthetic (A; blue: nucleo-
tides, red: markers) and postsynthetic labeling (B; blue: nucleotides,
red sticks: reactive groups, red balls: markers).
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noted, however, that the synthesis of azide-modified DNA by
solid-phase synthesis is intrinsically difficult, as azides are
reduced by the phosphorus(III) atom of the phosphorami-
dites.[16] This constitutes a limitation of the CuAAC approach
to DNA labeling, as azide-modified DNA is not directly
accessible by solid-phase DNA synthesis.

In this Minireview, we summarize the various approaches
to modify oligonucleotides using the CuAAC reaction. In
Sections 2–6 we describe applications of DNA strands
prepared by solid-phase synthesis and modification using
the CuAAC reaction.[16] In Section 7, we summarize click-
chemistry approaches in combination with enzymatic strat-
egies.

2. Preparation of Surface-Immobilized DNA

The first example of a successful modification of DNA[*]

using Huisgen azide–alkyne cycloaddition used a 5’-alkylami-
no-modified DNA strand, which was treated with succini-
midyl-5-azidovalerate to display an azide group at the 5’-
terminus.[17,18] Thermal (not copper(I)-catalyzed) cycloaddi-
tion with an alkyne-modified fluorescein derivative furnished
the reaction product in excellent yield, but as a regioisomeric
mixture of the 1,4- and 1,5-triazoles. These mixtures are
typical for the Huisgen cycloaddition without copper(I)
catalysis. The direct incorporation of azides into synthetic
DNA strands is, as mentioned above, intrinsically difficult,
because the azide group reacts with the phosphorus(III) atom
of the phosphoramidite group in a Staudinger reduction.[16]

However, a two-step procedure described above for attaching

the azide to the DNA strand allowed the subsequent attach-
ment using CuAAC of the DNA to a glass surface for a
sequencing-by-synthesis approach.[19] An alternative ap-
proach for the immobilization of DNA on surfaces using the
CuAAC reaction has employed an alkyne group attached to
the 5’-OH group of a DNA strand, which reacted with azide-
modified gold surfaces.[20] Even simpler is the approach
described by Reinhoudt and co-workers. This group pressed a
polydimethylsiloxane (PDMS) stamp, which was covered
with alkyne-modified DNA, directly onto an azide-terminat-
ed glass slide to achieve the azide–alkyne cycloaddition
reaction under pressure without added copper(I) catalyst.[15]

3. Preparation of DNA–Protein Conjugates

The CuAAC reaction has been successfully utilized for
the preparation of complex DNA–protein conjugates.[21]

Distefano and co-workers attached the specific tetrapeptide
CVIA to green fluorescent protein (GFP). To this tag the
authors specifically attached an azide-modified isoprenoid
diphosphate 1with the help of the enzyme farnesyltransferase
(PFTase, Scheme 2).[22] The obtained azide-bearing protein

was then treated with a single-stranded oligonucleotide
(ssODN) carrying an alkyne attached to a 5’-terminal
phosphate group. To test whether the DNA sequence can
still be addressed despite the presence of the protein, a
counter strand containing a Texas Red label was successfully
hybridized to the DNA strand attached to the protein. Using
this construct, the group successfully built up nanoscale DNA
tetrahedra,[23] which were finally decorated with up to four
GFPs. The methodology is currently being exploited for the
preparation of protein-modified DNA nanostructures.

Scheme 1. Overview over the different positions that have been used
for the attachment of azides or alkynes to DNA. Red arrows indicate
attachment points for terminal azide and alkyne residues only.
B=nucleobase

Scheme 2. Synthetic strategy for DNA–protein conjugates. TCEP=

tris(2-carboxyethyl)phosphane hydrochloride, TBTA= tris(benzyltriazo-
lylmethyl)amine.

[*] At this point, the cycloaddition was performed thermally without
copper(I) catalysis, owing to DNA-degrading effect of free copper(I)
species in aqueous solutions. After publication of a copper(I)-
stabilizing ligand, which accelerates the click reaction but avoids the
presence of copper(I) ions in solution, most subsequent work made
use of the copper(I)-catalyzed version of the Huisgen cycloaddition.
Nonetheless, the work by Ju and co-workers is seen as the
prototypical example of click chemistry on DNA.
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4. Preparation of Cyclic and Branched DNA Struc-
tures

The CuAAC reaction has vastly simplified the synthesis of
cyclic and catenated DNA structures.[16,24] Brown and co-
workers have devised a strategy to label a ssODN with both a
5’-terminal alkyne and a 3’-terminal azide.[25] The azide was
generated as described by Ju and co-workers[17] by coupling of
succinimidyl-4-azidobutyrate to an amino linker at the DNA
strand, yielding the required 3’-terminal azide (7 in
Scheme 3). The alkyne group, in contrast, was introduced at
the 5’-terminus by terminating the solid-phase synthesis with

the propargylated phosphoramidite 8. Such a doubly modified
DNA strand reacts under high-dilution conditions with itself
in a CuAAC reaction to give a cyclic ssODN. When the
complementary ODN, which also carries an azide and an
alkyne group, is hybridized to this cyclic ODN, it can in turn
also be cyclized to yield a covalently catenated double-
stranded (ds) DNA. In this case, the first ODN templates the
CuAAC reaction of the second DNA strand, which reduces
side reactions. The catenated DNA showed a vastly increased
resistance to exonuclease degradation.

The exonuclease stability of cyclic DNA strands was also
exploited by Matsuda and co-workers.[26] This group prepared
a dsODN that binds to the kB transcription factor as a decoy
molecule to inhibit in vitro and ex vivo transcription. Then
propargyl and azidoethyl linkers on the N3-position of
thymidine were introduced. The dangling 5’-azide and 3’-
alkyne groups of the dsODN were used to form a circular
DNA strand, which can also be viewed as a double hairpin or
dumbbell structure. The internal double-stranded binding
region of this decoy molecule was not significantly distorted,
whereas the thermal stability and the exonuclease stability
were strongly increased. The binding affinity to the nuclear
factor was shown not to be hampered by the cyclization.

A whole range of different DNA structures was made
accessible by the work of Morvan and co-workers.[27] Alkynyl
and bromoalkyl groups were introduced at the phosphorami-
dite group of nucleotides 10 and 11, respectively, to allow for
labeling inside a DNA strand (Scheme 4). The bromoalkyl

group is stable to standard phosphoramidite coupling proce-
dures and can be used to generate an azide group after the
solid-phase synthesis by treatment with sodium azide.[28]

Phosphoramidite 13 can analogously be used to produce
DNA strands with an azide label on the 5’-terminus. Universal
supports 14 and 15 can be used to introduce one or two 3’-
terminal alkynes. This repertoire of building blocks allows
access to a wide array of structures, such as DNA cycles and
branchedDNA cycles, as it is possible to label each position of
DNAwith alkynes as well as with azides. Even bicyclic DNA
strands can be built up by using the double alkyne resin 15.
Phosphoramidite 12, bearing two DMT-protected alcohols,
can be used in the first elongation step to give a branched
structure. Termination of the DNA synthesis with the
bromoalkyl phosphoramidite 13 allows synthesis of a struc-
ture with two alkynes and two azides (16), which can be
cyclized using CuAAC to give the desired bicyclic DNA
species.

5. Analytical Applications of Modified DNA

Analytical applications of ODNs are vastly extended by
the use of CuAAC chemistry owing to the higher yield and
selectivity of the labeling reaction compared with classical
methods. For example, conjugation to very hydrophobic dye
structures can be achieved,[29] and the synthesis of highly
modified DNA strands is possible, opening up a wide array of
potential applications.

Morvan and co-workers synthesized oligonucleotide scaf-
folds (17 in Scheme 5, top; n= 1 or 3) containing up to ten
alkyne groups for the conjugation of galactose[30] and fucose

Scheme 4. The molecular toolbox for the synthesis of cyclic, branched
cyclic, and bicyclic DNA introduced by Morvan and co-workers.
*=Solid resin, DMT=dimethoxytrityl.

Scheme 3. Building blocks for the synthesis of cyclic and catenated
DNA. *=Solid resin.

DNA Click Chemistry
Angewandte

Chemie

8353Angew. Chem. Int. Ed. 2008, 47, 8350 – 8358 � 2008 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


to DNA strands.[31] In the latter case the binding of the fucose
clusters to the fucose-specific bacterial lectin (PA-IIL) was up
to 20 times stronger than for single fucose molecules. This
technology was further developed for the preparation of
DNA-based carbohydrate arrays (Scheme 5, bottom).[32] 3’-
Amine oligonucleotides were covalently immobilized onto
functionalized glass slides and then hybridized to DNA
counter strands such as 17 bearing a sugar molecule attached
by CuAAC at the 3’-terminus and a Cy3 fluorescence label at
the 5’-terminus. The successful hybridization of the carbohy-
drate-modified DNA molecules to the DNA arrays could be
monitored by resonant fluorescence energy transfer (FRET).
The carbohydrate arrays constructed in this way were used to
study the interaction with Cy5-labeled lectins. The interac-
tions were investigated using FRET spectroscopy; the
sensitivity of the method was found to be excellent, with
detection limits for lectins between 2 and 20 nm.

Detection of DNA synthesis in vivo was recently also
accomplished using CuAAC. To this end 5-ethynyl-2’-deoxy-
uridine 21a (Scheme 6) was synthesized and injected into
mice or added to a NIH 3T3 cell culture.[33] The structural
similarity between the alkynyluridine 21a and thymidine
enabled the polymerase-based incorporation of the alkyne
base into DNA during the S-phase of the cell cycle. Addi-
tional 21a is incorporated into cell DNA in each cell cycle.
After lysis of the cells the genomic DNA could be directly
stained with an azide-modified fluorescent dye to quantify the
rate of DNA synthesis in different tissues. This method was
found to bemore sensitive and user-friendly than the standard

bromodeoxyuridine (BrdU) assay, which requires a time-
consuming immunological step involving specific anti-BrdU
antibodies.

Avery simple and sensitive DNA detection method based
on the silver halide photographic process was presented by
Carell and co-workers.[34] Photographic AgBr emulsions are
generally sensitive at wavelengths of incident light up to
520 nm. Organic dyes are typically added to black and white
photo paper to sensitize the photographic films over the
whole visible range. The signal enhancement of the photo-
graphic development procedure with amplification factors of
up to 1011 results in sensitivities similar to the polymerase
chain reaction (PCR). In this study, a photographic film
devoid of any sensitizing dyes (i.e. insensitive to light l>

520 nm) was treated with DNA incorporating either 18c or
23c (Scheme 6). The photographic red-light sensitizer (pina-
cyanol dye azide) was attached to these alkyne-containing
nucleobases by CuAAC. After a short irradiation of the film
with red light, only the parts of the film which contained the
spotted-on DNA displayed a black spot after development,
thus indicating that the dye present at the DNA selectively
sensitized the AgBr crystals in its vicinity. The whole method
allowed the visual detection of DNAwith a detection limit of
only 300 amol.

The extremely high sensitivity of the new photographic
method was used to directly detect the DNA of pest-causing
bacteria. To furnish a simple experimental setup for the
detection system, a molecular beacon (MB)-based approach
was devised (Figure 2). To this end, a commercially available
molecular beacon with the Cy3/BHQ2 (black hole quencher)
FRET couple was used, which featured a base sequence
characteristic for Yersinia pestis in the loop region. In the
closed state of the hairpin, the fluorescence of the Cy3 dye is
quenched by BHQ2, which is in close proximity, and therefore
cannot sensitize the photographic film. If the characteristic
complementary sequence is present in the analysis mixture, it

Scheme 5. DNA–carbohydrate conjugates (top, n=1 or 3) and their
use in microarrays (bottom).[32]

Scheme 6. Nucleobase-modified phosphoramidites and triphosphates.
18a–25a : R1=R2=H; 18b–25b : R1=P3O9

4�, R2=H; 18 c–25c :
R1=DMT, R2=P(NiPr2)[O(CH2)2CN]. TIPS= triisopropylsilyl, TMS= tri-
methylsilyl.
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will hybridize to the loop region and open the hairpin, which
immediately reactivates Cy3 fluorescence and sensitizing
properties. If this solution is now spotted onto the sensitizer-
free photographic film, the fluorescing Cy3-labeled DNA
allows sensitization of the AgBr crystals after brief irradi-
ation, which enables the visual detection of the analyte with a
detection limit of 600 fmol. The control experiment without
the complementary sequence yielded a blank film.

6. Multiple, Sequential Labeling of DNA

The attachment of alkynyl side chains to the 5-position of
pyrimidines (18–23 in Scheme 6) or to the 7-position of 7-
deazapurines (24 and 25 in Scheme 6) offers a variety of
possibilities for the versatile labeling of DNA. These positions
have the advantage that the corresponding alkyne-modified
bases are generally well accepted by polymerases for enzy-
matic incorporation into PCR and primer extension products
(Section 7).[35] Functional molecules attached to these posi-
tions of the nucleobases will protrude into the major groove
of the B-duplex, which causes only small distortions of the
duplex structures required for efficient hybridization with the
counter strand. Indeed, such modified DNA strands exhibit
only a small increase in melting temperature compared to
natural DNA, showing the small effect of modifications at C5
of pyrimidines and C7 of 7-deazapurines on the duplex.[36,37]

The choice of alkyne group influences the efficiency of
subsequent modification. If a high functionalization density of
single- or double-stranded DNA is required, the octadiynyl
spacer protruding from these positions into the major group
proved to be superior to the short ethynyl linker in 21. The
octadiynyl units position the triple bond somewhat further
from the DNA strand, thus allowing for better steric access.
Single-stranded ODNs with up to six consecutive octadiynyl
uridine moieties 23c were synthesized, and with this alkyne
spacer quantitative yields in the CuAAC reaction were always
detected with a variety of azides (fluorescein, coumarin, and
galactose).[38]

The possibility to prepare a set of different alkyne-
modified bases was then shown to be the basis for an efficient
modification of DNA with different labels. Such multiply
modified DNA strands find wide use, for example as
sophisticated FRET probes or in molecular diagnostics
applications. To this end, DNA strands containing TMS-
(19c) and TIPS-protected (20c) alkyne 5-alkyne-2’-deoxycy-

tidine analogues were prepared.[39] These two building blocks,
together with the alkyne-modified uridine analogue 23c, were
incorporated into DNA strands. Three different CuAAC
reactions were performed consecutively, first at the free
alkyne of the uridine analogue, at the second alkyne residue
after TMS deprotection, and finally at the third alkyne
residue after TIPS deprotection (Scheme 7). This approach
allowed the introduction of three different labels with
unprecedented yield and efficiency. The CuAAC modifica-
tion could even be achieved directly at the resin, allowing the
derivatization of oligonucleotides using a DNA synthesizer.
In many cases, a simple ethanol precipitation was sufficient to
purify the labeled oligonucleotides with yields between 60
and 90% observed for the three-step click-deprotect-click
reaction sequence in solution.

7. Enzymatic Incorporation of Alkynes into DNA
and DNA Metallization

The alkyne-modified triphosphates 18b–25b can be
efficiently incorporated into PCR products enzymatically. In
a screening of different polymerases, Pwo, Deep Vent exo� ,
and KOD XL polymerases were found to be particularly
proficient at incorporating these unnatural nucleotide tri-
phosphates.[36] Indeed, even the preparation of 2000-mer PCR
products with all cytosine bases replaced by the alkyne-
modified cytosine 18b was reported. With a galactose azide,
these highly modified DNA amplicons were subsequently
converted into sugar-coated DNA strands possessing 887
sugar molecules attached to the DNA. Again, the longer and
more flexible bisalkyne linkers present in 18, 23, 24, and 25
were found to lead to higher CuAAC yields than the ethynyl-
modified base 21. A substitution of all four canonical bases by
alkyne bases in a PCR reaction proved unfeasible, showing
that the polymerases are not capable of placing an alkyne

Figure 2. Working principle of the molecular-beacon-based DNA pho-
tography. Only the target molecule is detected.[34]

Scheme 7. Sequential modification of DNA.
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nucleotide opposite to another alkyne nucleotide. In simple
primer extension experiments, however, replacement of all
four canonical bases was possible.[40] Most important, how-
ever, was the observation that the as-modified amplicons can
function as templates for normal PCR reactions. Sequencing
of these amplicons revealed no mutations, showing that the
alkyne bases can be used to label PCR products, which can
then be used for further cloning and PCR experiments.

An interesting application of the sugar-coated DNA is the
fabrication of metallized DNA strands. (Figure 3). Carell and
co-workers prepared 2000-mer DNA strands with all natural
dT bases replaced by an alkyne-modified uridine 21b or
22b.[35] This DNA was subsequently modified with galactose
azide using the CuAAC reaction. Treatment of the as-
prepared DNA with Tollens solution allowed selective
deposition of atomic silver on the DNA; after a developing
reaction, this atomic silver can be developed to nanoparticles
as in black-and-white photography. In a second step, the
nanoparticles were exposed to a gold enhancer solution
(AuSCN, hydroquinone)[41] to achieve the deposition of a thin
coating of gold metal around the DNA strand. The resulting
gold–DNA nanowires were shown to have an extremely
uniform diameter that can be limited to less than or equal to

10 nm by controlling the time of development. Even the time-
dependent growth of the gold mantle around the DNA could
be studied by AFM on silica and mica (Figure 4). Using the
CuAAC reaction, it was recently also possible to deposit size-

uniform gold nanoparticles to the backbone of alkyne-
containing PCR products. For this purpose the CuAAC
reaction was performed with a gold nanoparticle that was
bound to an azide-modified glutathione ligand. Again, the
gold nanoparticles exhibited a very uniform distribution along
the DNA scaffold.[42]

Most recently, Weller and Rajski[43] developed an ingen-
ious method to label large DNA fragments site-selectively
using the CuAAC reaction based on seminal discoveries of
Weinhold an co-workers.[44] This group employed methyl-
transferases (MTases), which catalyze the transfer of an
activated methyl group from the ubiquitous cofactor S-
adenosyl-l-methinone (AdoMet or SAM) to adenine or
cytosine residues on DNA within specific DNA sequences
between two and eight base pairs long.[45] Similar to Weinhold
and co-workers,[44] Weller and Rajski prepared the novel
cofactor 26, which is accepted by the methyltransferase
M.TaqI instead of natural SAM (Scheme 8). With the novel
cofactor, however, not a methyl group but a propargyl-
modified adenine moiety was transferred to the N6 nitrogen
of adenine in the palindromic sequence 5’-AGCT-3’. The
resulting DNA is thus selectively labeled with an alkynyl
adenine moiety at each AGCT site. The alkyne group was
then further functionalized with azides using the copper(I)-
catalyzed Huisgen reaction. This method is not restricted by
the length of the DNA strand and could thereby lead to the
assembly of alkyne-labeled genomic DNAwith a low density
of functionalization.

8. Summary and Outlook

The copper-catalyzed azide–alkyne cycloaddition
(CuAAC) has changed the way in which modified oligonu-
cleotides can be prepared. It is possible to attach all kinds of
labels to small oligonucleotides using alkyne-modified phos-

Figure 3. Schematic representation of metal deposition on PCR prod-
ucts.

Figure 4. AFM images of bimetallic silver–gold nanowires deposited
on sugar-decorated DNA.[41]
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phoramidites. One, two, or even three different labels can be
attached either in solution or on a solid support. With the help
of alkyne-modified triphosphates or using the methyltrans-
ferase technology, large PCR fragments of genomic DNA
containing one or multiple alkyne sites can be readily
prepared, ready for modification by CuAAC. It is astonishing
that many alkyne-modified bases are readily accepted by
polymerases, thus allowing the full replacement of the
canonical bases in an amplicon by alkyne-modified bases.
The alkyne-bearing DNA can be modified in extremely high
yields using the CuAAC reaction. Many of the click-modified
oligonucleotides are easily purified using simple ethanol
precipitation procedures, thus circumventing time-consuming
and expensive HPLC purification protocols. The alkyne-
modified DNA strands can be used as tools for modern
molecular diagnostic applications, and they can act as building
blocks for the construction of functional DNA-based nano-
materials ready for modification with all types of functional
molecular entities. For DNA chemists working in the fields of
diagnostics, medicine, and nanotechnology, the CuAAC
reaction on DNA has vastly broadened the synthesis capa-
bilities, paving the way for the preparation of totally new
DNA-based molecules and nanosystems.
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