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The detection of cell proliferation with 
5-bromo-2′-deoxyuridine (BrdU) and 
3H-labeled nucleotides has been broadly 
used for short-term labeling studies to 
probe DNA synthesis and cell proliferation 
rates, as well as the progression of S phase 
with various cell types (1). Compared with 
the other thymidine analogs, 5-ethynyl-2′-
deoxyuridine (EdU) can be considered as 
an ideal alternative reagent since it does not 
require harsh DNA denaturing conditions 
such as with BrdU, or necessitate radiola-
beling followed by cumbersome detection 
methods (2–6). The free alkynyl group 
on EdU can be readily detected through 
its reaction with probes bearing azido 
groups in a Cu(I)-catalyzed alkyne-azide 
cycloaddition (CuAAC) reaction, also 
known as “click” reaction (7). Unlike bulky 
antibodies, alkyne and azide groups are very 
small in size and have a particularly narrow 

distribution of reactivity, ability to conve-
niently attach to organic compounds, and 
are quite indifferent to solvent and pH. 
Therefore, the CuAAC reaction has been 
ideal for linking biomolecules in complex 
environments, such as within cells, with 
high efficiency and chemoselectivity.

In our previous studies, we have 
developed the water-soluble, pro-fluorogenic 
dye 3-azido-7-hydroxycoumarin, which is 
a non-fluorescent compound until the dye 
reacts with terminal alkynes to afford an 
intense fluorescent 1,2,3-triazole product 
(8). This fluorogenic reaction has proved 
to be a versatile tool in the application of 
protein labeling, cell imaging, and combi-
natorial synthesis of fluorescence dyes due 
to the high reaction efficiency at mild condi-
tions (8–10). Furthermore, both azide and 
alkyne groups are biologically inert, giving 
this reaction much potential in bioimaging 

applications. Here we report the appli-
cation of the dye in the rapid labeling and 
detection of DNA in proliferating cells, 
that activates only upon reacting with its 
specific DNA analog (Figure 1).

EdU and coumarin were synthesized 
and purified as described previously (8,11). 
Both chemicals were relatively simple to 
synthesize and purify in large quantities, 
making them attractive and inexpensive 
alternatives to BrdU and anti-BrdU 
antibody labeling reagents. The incorpo-
ration of EdU to the DNA backbone of 
proliferative cells was examined based on 
the concentration of EdU (10 and 50 µM) 
and time (from 30 min to 24 h) (Figure 
2, A and B). Three different cell lines—
HeLa, NIH-3T3, and KB—were selected 
for cell proliferation analyses (Figure 2C). 
To all of these cell lines, EdU showed no 
toxicity even after incubating the cells with 
50 µM for 24 h. Since the cells were not 
treated to synchronize their cell division, a 
short incubation time (30 min) with EdU 
or BrdU labeled 35% of the cells with the 
thymidine analogs. Upon increasing the 
incubation time (>12 h), we found near-
complete labeling of cells with 50 µM EdU 
(94%, P < 0.05), and only partial labeling 
at the lower concentration (75% with 10 
µM EdU). For short incubation periods 
(<12 h), both concentrations were suffi-
cient to label the cells actively replicating 
its genetic material. However, at longer 
incubation time periods, the higher concen-
tration of EdU was necessary to obtain a 
higher loading.

It is important to note that this fluorogenic 
CuAAC reaction is highly efficient (near 
completion within 1h at room temperature) 
and can be used in a quantitative manner 
via cell sorter or a fluorimeter. In addition, 
only the final 1,2,3-triazole product yields 
a fluorescent signal (8–10,12). The CuAAC 
reaction affords superior regioselectivity and 
quantitative transformation under extremely 
mild conditions. A standard DNA prolifer-
ation assay requires a permeabilization step 
to allow the large anti-BrdU antibodies to 
penetrate the cell and nuclear membranes. 
Harsh treatment with HCl is also required to 
denature the nucleic acids in order to expose 
the antigenic sites. Furthermore, additional 
wash steps are required to remove unbound, 
free fluorescent dyes, but can result in loss of 
sample and signal. The dye reported here is 
small enough to penetrate directly into the 
nucleus, which circumvents the permeabili-
zation, denaturation, and subsequent wash 
steps. In comparison to previous reports (4,5), 
there are two distinct improvements over 
the use of commercially available fluorescein 
dyes. Since the unreacted precursors emit 
no fluorescence and only the final 1,2,3-
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A thymidine analog, 5-ethynyl-2′-deoxyuridine (EdU), has been reported as 
a rapid labeling tool for direct measurement of cells in S-phase. The alkynyl 
group of EdU is a biologically inert group that undergoes an extremely selec-
tive reaction with azido-functionalized groups via Cu(I)-catalyzed alkyne-
azide cycloaddition (CuAAC or “click”) reaction. Here we report the highly 
efficient reaction of the terminal alkynyl group of EdU with a pro-fluorogenic 
compound, 3-azido-7-hydroxycoumarin, to afford an intense fluorescent 
1,2,3-triazole product, which occurs only after the CuAAC reaction. This 
new method eliminates concerns for residual fluorescence since the unreact-
ed precursors are optically inactive. The procedure therefore does not require 
extensive wash steps to remove the unreacted fluorescent dyes in the sample, 
allowing for immediate quantification and visualization after the reaction. 
The advantage over currently available commercial products is its potential 
to streamline high-throughput applications and help minimize errors.
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triazole product yields a signal, the signals 
are attributed only to the labeled DNA. 
The elimination of the three or four wash 
steps (5–10 min each) reduces not only the 
time to process the sample, but decreases the 
chance for sample and signal loss. One major 
concern for the azido-coumarin dye is its 
poor stability in oxidative conditions, and 
prolonged storage in DMSO or DMF is not 
permissible. Future variants with improved 
storage and tailored emission spectra will 
likely expand the potential of pro-fluoro-
genic dyes (13).

Incubation of another fluorogenic dye 
developed in our lab, anthracene azide, (14) 
resulted in the dye intercalating into the 
DNA and labeling the cells regardless of 
the alkynyl groups. Biotin azide, used in an 

attempt to quantify the cell numbers using 
avidin–horseradish peroxidase (HRP), had 
been a poor choice due to the high concen-
tration of biotin in many of these tumor 
cell lines. While it was possible to quench 
the intracellular biotin with excess avidin 
followed by blocking with biotin, these 
experimental procedures would involve 
additional steps and reagents to block the 
intracellular biotin followed by additional 
washing to remove excess biotin and avidin. 
These additional steps would increase the 
amount of time needed to process each 
sample. Instead, a direct conjugation of 
HRP to EdU may be more ideally suited.

In summary, a f luorogenic CuAAC 
reaction was introduced for labeling and 
detection of DNA in proliferating cells. 

Thymidine analog incorporation to the 
DNA of proliferative cells was charac-
terized based on concentration (10 and 
50 µM EdU) and time (30 min to 24 h). 
The profluorophore 3-azido-7-hydroxy-
coumarin eliminates the need for repet-
itive wash steps, which are required for 
other labeling processes with dye-labeled 
antibodies and fluorescein azide.
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Figure 1. Labeling of DNA with EdU followed by a fluorogenic “click” reaction. Detection of incorporated nucleotide analog is achieved via reaction of the 
ethynyl group with a pro-fluorogenic dye, 3-azido-7-hydroxycoumarin. Standard BrdU assays and conventional fluorescent dye labeling of EdU require 
additional washing steps to remove the unbound fluorescent dyes. In our protocol, these extra wash steps are unnecessary, as the precursor is non-
fluorescent until the conjugation between coumarin and EdU is achieved. In brief, the cells are incubated with EdU (10 μM or 50 μM) at 37°C, 5% CO2 for 
30 min to 24 h in complete media (MEM/EBSS supplemented with 10% fetal bovine serum, 1× penicillin, and 1× streptomycin). Then the EdU-labeled 
cells were fixed with 4% paraformaldehyde for 10 min, washed with PBS, and then reacted with 50 µM dye in buffer solution (100 mM Tris-HCl pH 8.0, 
100 mM L-ascorbic acid, 1 mM CuSO4) at room temperature for 1 h.

Figure 2. “Clicking on” fluorescence in proliferating cells. (A) Fluorescent microscopy images of cells labeled with EdU and reacted with coumarin, and 
counterstained nuclei with propidium iodide. The cells were seeded on No. 2 coverslips and allowed to adhere to the glass covers overnight. The media 
was supplemented for the allotted time, after which the cells were fixed with 4% paraformaldehyde for 10 min, washed with PBS, and then reacted with 
50 µM dye (100 mM Tris-HCl pH 8.0, 100 mM L-ascorbic acid, 1 mM CuSO4) at room temperature for 1 h. After the reaction, propidium iodide (red) 
was added to the sample for 10 min. To obtain the best images, the cells on coverslips are rinsed once in water to remove excess salts and placed on 
glass slides with a PVA/glycerol mounting solution. The samples were examined with an Olympus IX 86 confocal microscope using Semrock DAPI and 
Cy3 filters. EdU (50 µM) incorporation (blue) gave near complete labeling of cellular DNA after 24 h (images processed with Image Pro Plus V 6.0). (B) 
Cell labeling efficiency against incubation time and concentration. For short incubation periods, there was no difference in labeling efficiencies for the 
two different concentrations, but at longer incubation periods, a higher concentration of EdU was necessary to label all of the cells (P < 0.05, n > 200). 
Cells were counted from four image panels taken randomly with the fluorescent microscope. (C) Three different cell lines were incubated with 50 μM 
EdU and reacted with azido-coumarin, and counterstained with propidium iodide.
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