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ASTRACT

Figure 3: Copper requirements in click reactions

We present a new method using Click-iT® Plus EdU kits for simultaneously detecting cell proliferation and GFP signal in
both flow and imaging applications.
Examining cell proliferation in GFP expressing cells is relevant in many aspects of biology including regenerative
medicine, stem cells, developmental biology and some fields of cancer research. However, visualization of GFP
expression is not readily compatible with commonly used proliferation assays which incorporate a thymidine analog to
directly measure the S-phase fraction of the cell cycle. With the BrdU (bromo-deoxyuridine) assay, an antibody based
detection method, alcohol fixation and hydrochloric acid for DNA denaturation is commonly used. This method is not
compatible with GFP fluorescence. For imaging applications there are some methods to avoid the use of HCl as a
denaturant with the BrdU assay, however; they are typically “home-brew” methods used to partially digest the DNA,
adding extra steps, and not easily performed.
The much faster and reliable EdU (ethynyl-deoxyuridine) cell proliferation assay which employs click chemistry for
detection of S-phase fraction of cell cycle, uses formaldehyde based fixation and avoids the use of HCl for DNA
denaturation. However, the use of copper to catalyse the click reaction also negatively affects GFP fluorescence. AntiGFP antibodies can be used after the click reaction work flow, to “retrieve” the lost GFP fluorescence.
We present recent improvements known as Click-iT® Plus EdU cell proliferation assay which minimize the loss of GFP
and other fluorescent protein signals thereby avoiding the need for “work around” methods. The resulting click reaction is
both more rapid and brighter than the “classic” click EdU assay. The modifications preserve most of the GFP
fluorescence and permit multiplex detection with EdU with no change to the expected work flow. We optimized
components in the new Click-iT® Plus click reaction conditions and tested compatibility with various fluorescent proteins.
Examples of click chemistry and GFP/RFP/mCherry compatibility are presented using the EdU cell proliferation assay in
both cell culture and in GFP expressing tissue. Additionally, compatibility is demonstrated in other applications of click
chemistry assays used for imaging and flow cytometry platforms where GFP, R-phycoerythrin (R-PE), or other
fluorescent proteins are commonly combined with cell proliferation assays.
The use of Click-iT® Plus click reaction is an enabling improvement over originally described copper based click
reactions and will further enhance the utility of EdU based cell proliferation assay proliferation as well as other click
labeling tools for imaging, flow or enrichment applications.

Figure 3: Varying sensitivity to copper is seen with
biomolecules. For the EdU cell proliferation assay a
high copper concentration is required to label DNA
(designated by green bar). EdU labeling fails below a
critical copper concentration (red bar). EdU and GFP
detection requires an optimized copper concentration
where labeling conditions overlap. In other click
reactions low amounts of copper are important to
protect fluorescent proteins from quenching (e.g. GFP
or R-PE) or permit phalloidin staining.
*Some compounds need evaluation to determine their
sensitivity to copper.
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Antibody-based BrdU proliferation compared to click
chemistry based EdU proliferation. Erk2-GFP expressing
A375 melanoma cells were treated with HCl denaturation
method required for BrdU detection resulting in loss of GFP
signal and moderately bright BrdU (80 msec) (a). Click-iT®
Plus EdU results in GFP signal retention and very bright EdU
(8 msec) (b). Original click reaction of EdU results in loss of
GFP but bright EdU signal (c). No copper click control shows
unaffected GFP fluorescence (d). HCA analysis performed
using Thermo Scientific™ ArrrayScan™ VTI.
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Figure 6: GFP and EdU flow analysis
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Figure 5: Proliferation in Bre-GFP
transgenic mouse embryo pancreas

Figure 1 – Click chemistry is the copper(I) catalyzed reaction between a terminal alkyne and an azide. A
solution containing an azide labeled dye plus copper(II) and a reductant is added to EdU pulsed cells. The
azide and the alkyne are bio-orthogonal and inert in the absence of the copper catalyst. The covalent
reaction occurs rapidly at room temperature.
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Figure 8: R-phycoerythrin (R-PE)
compatible with EdU labeling
Figure 8 Nocodazole blocked Jurkat cells
labeled with EdU, show compatible staining
with R-PE using phospho-Histone H3 (Ser10)
(blue) and Alexa Fluor® 488 click labeling of
the EdU using Click-iT® Plus kit (red) (a),
compared to loss of R-PE signal when using
classic click reaction (b) and a dimmer EdU
signal. Data acquisition and analysis using
Attune® Acoustic Focusing Cytometer (Life
Technologies™).
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Figure 5: 14 day dpc mouse treated with 10

Copper concentration

g/g body wt EdU. i.p. 2 hour before sacrifice.
Click-iT® Plus click reaction using Alexa
Fluor® 555 dye results in visible EdU signal
while preserving Bre-GFP fluorescence.

Figure 2: Copper, a required micronutrient, is toxic at higher concentrations and can result in undesired side reactions
such as loss of fluorescence from some fluorescent proteins.
For Research Use Only. Not for use in diagnostic procedures.

 Both a bright click EdU signal and GFP fluorescence retention can be
achieved using Click-iT® Plus click reaction
 No change in the work flow is required to detect cell proliferation with EdU
while preserving the GFP or R-PE fluorescence in the sample
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Figure 2: Sensitive to copper and compatibility table
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Figure 7 Genetically modified induced multipotent otic progenitors expressing mCherry were initially
cultured in DMEM/F12, B27 containing 20 ng/ml of bFGF. To promote neuronal differentiation, cells were
plated onto 1.5 glass coverslips coated with 10 µg/ml poly-D-lysine and 10 µg/ml laminin and cultured in the
same media for 7 days without bFGF. To incorporate the nucleoside analog EdU and identify proliferating
cells, cultures were incubated with 1 µM EdU for 2 hrs before fixation. Media was removed from the
cultures and cells were fixed in 1X PBS containing 4% formaldehyde for 15 minutes at RT. Cells were
washed in 1X PBS containing 3% BSA and the cell membrane permeablized in 1X PBS containing 0.5%
Triton® X-100 for 20 minutes at RT. To label the EdU, cells were washed with 1X PBS containing 3% BSA
before subjected to the GFP compatible Click-IT® reaction (upper panel). The traditional copper was used
in the control sample (lower panel). Cells were incubated in the Click-iT® reaction for 30 minutes at RT and
washed with 1X PBS containing 3% BSA. After the EdU reaction, the cells were subjected to
immunostaining. The cells were incubated with blocking buffer (1X PBS containing 10% normal goat serum
and 0.1% Triton® X-100) for 1 hr at RT before adding rabbit Tuj1 antibodies (Covance) at a 1:1000 dilution in
the same blocking buffer for 2 hrs at RT. Cells were washed in 1X PBS containing 0.1% Triton® X-100 and
incubated in 1:5000 dilution of goat anti-rabbit AF647 in blocking buffer and 1 µg/ml of Hoechst 33225 for 1
hr at RT. After final washes in 1X PBS containing 0.1% Triton® X-100, the cells were rinsed in 1X PBS and
the coverslip containing the cells mounted in Prolong® Gold anti-fade reagent. Fluorescence images for
Hoechst, Alexa Fluor® 488 labeled EdU, mCherry and Tuj1 were acquired on a Zeiss 510 confocal
microscope. The top panel shows the fluorescent images labeled with the modified click reaction (Click-iT®
Plus) while the bottom panel shows samples that were labeled with unmodified click reaction.

Figure 4: BrdU vs. EdU compatibility with GFP
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Figure 1: Click chemistry-based detection of incorporated DNA analog, EdU
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Figure 7: mCherry signal preserved in multipotent otic progenitors cells
labeled with EdU based cell proliferation

Figure 4: BrdU vs. EdU and GFP compatibility

 Click chemistry is a copper catalyzed covalent reaction between an alkyne and an azide used to label
biological macromolecules such as DNA, RNA, or protein.

 Limitation of available copper in the click reaction improves the reaction efficiency and protects GFP, R-PE
and other fluorescent proteins.
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 For cell proliferation measurements, cells are pulsed with the thymidine analog, EdU. Detection of S-phase
% occurs when an Alexa Fluor® azide conjugate is covalently coupled to the EdU incorporated in the DNA. The
copper used in the click reaction can cause unwanted side reactions such as loss of GFP fluorescence.
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Figure 6: Click-iT® Plus click reaction using Alexa Fluor® 647 dye
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results in bright EdU signal while preserving Erk2-GFP fluorescence
in A375 cells. Data acquired on Attune® Acoustic Cytometer.
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