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Figure 8. Hela cells were treated with 0.5 uM staurosporine for 4 hours, before performing 
the Click-iT® TUNEL Alexa Fluor® 647 Imaging Assay (C10247). Cells were then labeled with 
rabbit anti-cleaved caspase 3 IgG and mouse anti-tubulin IgG which were detected with goat 
anti-rabbit Alexa Fluor® 488 IgG and goat anti-mouse Alexa Fluor® 555 IgG secondaries, 
respectively.  Nuclei were stained with Hoechst 33342 and samples were mounted 
in ProLong® Gold antifade reagent. TUNEL signal is shown as pink, cleaved caspase 3 is 
shown as green, tubulin is shown in orange, and nuclei are shown in blue.
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The detection of cytotoxicity and cell death is a critical aspect of 
toxicological profiling and the drug discovery process. Terminal
deoxynucleotidyl transferase mediated dUTP Nick End Labeling 
(TUNEL) is by far the most popular method of assessing DNA 
fragmentation and detection of cell death. In this communication, 
we demonstrate the application of a novel click chemistry based 
TUNEL assay for high content imaging and analysis. This assay 
involves the incorporation of a modified “clickable” nucleotide, 
ethynyl dUTP (EdUTP), by the enzyme Terminal deoxynucleotidyl 
Transferase (TdT) at the 3’OH end of DNA strand breaks. The single 
strand tail of nucleotides is then covalently conjugated to an azide 
modified Alexa Fluor® 488, 594, or 647 fluorescent dye using a 
copper (I) catalyzed azide-alkyne reaction. Using HPLC and 
polyacrylamide gel based assays, we observed that the 
incorporation of EdUTP was more efficient than other modified 
nucleotides such as BrdUTP,  fluorescein-, BODIPY® and biotin-
conjugated dUTP. The TUNEL assay was also multiplexed with 
antibody-based detection of other apoptosis biomarkers such as 
cleaved poly ADP ribosylation protein (PARP), cleaved caspase 3,
and phospho-histone 2B. Multiplexing two or more biomarkers of 
apoptosis is necessary to unequivocally establish programmed cell 
death in any given cell or tissue model and this approach 
underscores the value of both spatial resolution and quantitative 
analysis possible when imaging heterogeneous populations of cells. 
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Figure 1. The click reaction irreversibly labels the incorporated EdUTP via a 
triazole linkage.

Figure 1 –The Click-iT® TUNEL Imaging Assay 

Figure 2 – Labeling Moieties

Figure 2. Modified nucleotide structures. The alkyne and bromine 
modifications are significantly smaller than fluorescein.

Figure 3 – Nucleotide Incorporation

Figure 3. Comparison of TdT incorporation of several modified 
nucleotides. A 48-bp oligonucleotide was incubated with 30 units 
of TdT and an equimolar mix of the modified nucleotide with 
three other nucleotides for 4 hours at room temperature. The 
TdT reaction products were then analyzed by gel electrophoresis,
following application to a 20% TBE pre-cast gel and subsequently 
stained with SYBR® Gold nucleic acid gel stain.

Figure 5 –TUNEL Assay Comparison – Percent Positives

Figure 5. (A) TUNEL assay comparison – percent positives detected. TUNEL imaging assays were 
performed according to the manufacturer’s instructions on HeLa cells treated with 0.5 M staurosporine for 
4 hours. The percent positives were calculated based upon the corresponding negative control. (B) TUNEL 
assay time course comparison — percent positives detected. Click-iT® TUNEL imaging assays using Click-
iT® EdUTP or fluorescein dUTP (Promega’s DeadEnd™ Fluorometric TUNEL system) were performed on 
HeLa cells treated with 0.5 M staurosporine for the times indicated. The percent positives were calculated 
based upon the corresponding negative control. Imaging and analysis was performed using a Thermo 
Scientific Cellomics® ArrayScan VTI.

Figure 6 – Dose Response data for 18 hour drug treatment

Figure 9 – Multiparametric detection: Click-iT® TUNEL 
assay with immunolabeling of cleaved caspase 3 
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Figure 10 – Multiparametric detection: Click-iT® TUNEL 
assay with immunolabeling of cleaved PARP
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Figure 10. HeLa cells were treated with 0.5 μM staurosporine for the times 
indicated followed by the Click-iT TUNEL Assay and immunocytochemistry. Co-
localization of Click-iT® TUNEL signal (Alexa Fluor® 594 azide, red, C10246) 
and cleaved PARP (Alexa Fluor® 488 secondary, green) appears yellow in 
double positive cells.

Figure 9. HeLa cells were treated with 0.5 μM staurosporine for the times 
indicated followed by the Click-iT® TUNEL Assay and immunocytochemistry. 
Co-localization of Click-iT® TUNEL signal (Alexa Fluor® 594 azide, red, C10246)
and cleaved caspase 3 (Alexa Fluor® 488 secondary, green) appears yellow in 
double positive cells. Graphs plot Caspase 3 vs. TUNEL signal for each cell (n 
500 cells).

The Click-iT® TUNEL assays (C10245, C10246, C10247) are highly 
sensitive, selective and robust, and can be applied to the detection 
of early apoptosis in both traditional fluorescence microscopy as 
well as high content imaging and analysis. Advantages include:

• biologically inert reactants – the azide and alkyne 
reaction components are absent from biological systems, 
yielding highly specific labeling reactions.

• irreversible labeling – stable signal allows more imaging 
flexibility.

• small nucleotide analog and small detection 
molecule –provide efficient enzymatic incorporation and 
click labeling, resulting in detection of a higher number of 
positive cells and earlier stages of DNA fragmentation in the 
cell death cascade,  defining it as a superior assay for 
imaging apoptosis in adherent cells.

• non-antibody-based labeling – allows more flexibility in 
multiplexing with other antibody-based apoptosis markers 
for a more comprehensive characterization of apoptosis.

Untreated Staurosprine

Figure 4. HeLa cells were treated with 2M staurosporine for 4 hours.  The Click-iT®

TUNEL Alexa Fluor® 488 Imaging Assay (C10245) was performed.  The TUNEL signal is 
shown in pink and Hoechst 33342 nuclear stain is shown in blue.
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Figure 7 – Cytotoxicity compound screen comparison
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Figure 7. HepG2 cells were plated on laminin, incubated for 4-5 hrs @ 37°C with CO2, followed by treatment 
with 10M of each compound from a focused cytotoxic compound collection (“Killer Plates”, Microsource 
Discovery) in a 384  well plate.  Cells were incubated for 48 hrs and cell health was measured using cell 
viability/proliferation and Click-iT® TUNEL assays.  Controls used were as indicated for each plate and assay. 
The results show “hits” for cytoxicity in the cell viability assay are also positive in the Click-iT® TUNEL screen.

Log [ActD] nMC
li

ck
-i

T
®

T
U

N
E

L 
A

le
x

a 
Fl

u
o

r®
6

4
7

 
m

ea
n

 s
ig

n
al

 i
n

te
n

si
ty

Actinomycin D on HeLa Cells

Log [Etoposide] µM

-1 0 1 2 3 4
0.00

0.02

0.04

0.06

0.08

0.10
Etoposide on A549 Cells

C
li

ck
-i

T
®

T
U

N
E

L 
A

le
x

a 
Fl

u
o

r®
6

4
7

 
m

ea
n

 s
ig

n
al

 i
n

te
n

si
ty

EC50 ~ 98 µM

Paclitaxil on A549 Cells Staurosporine on HeLa Cells
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