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Introduction

DELFIA® EuTDA Cytotoxicity Reagents
kit is a non-radioactive alternative to
the radioactive Chromium-51 release
assay developed to label a specific
cell population and monitor cytotoxic
events. These events could be small molecule-induced rapid cell death or via more
complex co-culture cell-based assays such as antibody-dependent cellular cytotoxicity
(ADCC). Figure 1 describes the assay principle in the context of a small molecule
treatment. Target cells are loaded in a rapid and gentle method with a fluorescence
enhancing ligand (BATDA) which crosses the cell membrane passively. Once inside the
cell, the ligand is immediately hydrolyzed by cellular esterases to generate a hydrophilic
molecule (TDA) that can no longer penetrate the cell membrane. Addition of a cytotoxic
small molecule leads to cytolysis of the target cells which then release TDA into the
supernatant. The sample plate is spun down to pellet cell debris to allow careful transfer
of an aliquot of TDA-containing supernatant to a new assay plate. Europium solution is
added and TDA then forms a highly fluorescent lanthanide chelate (EuTDA). The cytotoxic
effect on the target cells is therefore proportional to the amount of time-resolved
fluorescence (TRF) signal generated by the final EuTDA product.
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• Jurkat cells (ATCC, #TIB-152)
• NIH3T3 cells (ATCC, #CRL-1658)
• TrypLE Select (Thermo Fisher, #12563-011)
• Raptinal EZSolution (BioVision, #9652)
• Probenecid (Sigma Aldrich, #P8761)
• Sulfinpyrazone (Sigma Aldrich, #S9509)

Figure 1. DELFIA Cytotoxicity assay principle. Refer to the text for details.

Regardless of the downstream use of the cell line, labelling of the
target cell type needs to be optimized. Factors to consider are the
amount of BATDA per million cells (1-5 µL), the time of loading
(5-30 min), and temperature (on ice, room temp or 37 oC). Most
cell types label quickly and gently with increased temperature and a
low amount of BATDA reagent. However, in some cell lines, the
TDA is pumped out through natural efflux leading to TDA in the
media prior to cell death. This phenomenon is known as
spontaneous release. The spontaneous release for a cell line of
interest must be measured and then used to calculate the percent
specific release due to cytotoxicity. High spontaneous release will
lead to a small assay window. Therefore, to minimize spontaneous
release, efflux inhibitors can be added to the wash buffer as well as
cell culture media during incubation time required for specific
release. In this application note, we show four different cell lines
tested with two different efflux inhibitors to minimize spontaneous
release and we demonstrate the effectiveness of these inhibitors in
improving the assay window by using raptinal, a cytotoxic small
molecule, to achieve specific release.

Materials and Methods
Reagents and Consumables
• DELFIA EuTDA Cytotoxicity Reagents (PerkinElmer, #AD0116)
• Triton X-100 (Sigma Aldrich, #T8787)
• Hanks Balanced Salt Solution (Thermo Fisher, #14025-092)
• HEPES Solution (Sigma Aldrich, #83264-100ML-F)
• Phosphate Buffered Solution (PBS), (Thermo Fisher, #10010-023)
• 5 mL Polystyrene round-bottom tubes (VWR, #60819-295)
• V-bottom 96-well assay plate with lid (VWR, #82050-661)
• Fetal bovine serum (FBS), heat inactivated (Thermo Fisher, 		
#10082-147)
• Bovine calf serum (BCS), (ATCC, #30-2030)
• RPMI Media, (ATCC, #30-2001)
• F12-K Media, (ATCC, #30-2004)
• DMEM Media, (ATCC, #30-2002)
• Daudi cells (ATCC, #CCL-213)
• CHO-K1 cells (ATCC, #CCL-61)
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Experimental Method
Cell lines were grown in recommended media from the supplier:
Daudi and Jurkat in RPMI + 10% FBS, CHO-K1 in F12-K + 10%
FBS, and NIH3T3 in DMEM + 10% BCS. Each cell type was
harvested and counted on the day of assay. Adherent cell lines
(CHO-K1 and NIH3T3) were removed from the flask using TrypLE
Select reagent. Suspension cell lines (Jurkat and Daudi) were
sampled from the flask for counting purposes. In all cases, cell
density was adjusted to 1x106 cells/mL with 2 mL of cells used for
BATDA labelling in a 5 mL round bottom tube.
During BATDA loading optimization, separate tubes were prepared
with 2-5 µL of BATDA reagent and set to load for 10-30 minutes at
37 ºC to compare loading conditions. The aim is to find a loading
condition that yields a good maximum signal (loaded and lysed
cells) compared to the level of background signal (supernatant
signal after loading, i.e. time zero) and to use as little BATDA as
necessary to achieve that goal. Excess BATDA can lead to higher
spontaneous release from the cells which in turn negatively affects
the final assay window.
After BATDA loading, cells were washed three times with 3-4 mL
of Wash Buffer (PBS + 20 mM HEPES buffer, or DMEM Media for
the NIH3T3 cells) and centrifuged to create a cell pellet (1100 rpm
for 4 minutes). Wash buffer was removed carefully to avoid
disturbing the cell pellet. Once wash buffer was removed, gentle
flicking of the tube was performed to resuspend the pellet in
the residual wash buffer. For most cell types three rounds of
washing are enough to remove excess BATDA however if you
are experiencing high background signal you can increase the
number of washes accordingly.
Once the cell loading process is complete, the cells were re-counted
and adjusted to 1x105 cells/mL for plating. Using a V-bottom
96-well assay plate, 100 µL of cells were plated in each well
yielding 10,000 labelled target cells in each sample. The NIH3T3
cells were plated using just 50 µL of cells and 50 µL of media
resulting in 5,000 cells/well. Replicates were prepared for
Background, Maximum release, and Spontaneous or Specific
release at each time point desired (up to 4 hours maximum).
Description of assay parameters:
Background counts: An aliquot (taken immediately) from the ready
diluted labelled target cell suspension is centrifuged.
Spontaneous release counts: Incubate the labelled target cells
(100 μL) with cell media instead of small molecule or effector cells
(co-culture design). This sample set represents non-specific release
of TDA from the cells.

Specific release counts: Incubate the labelled target cells (100 μL)
with small molecule or effector cells to trigger cell death and release
of TDA into the supernatant.

BATDA (2 µL) and long loading time (30 min) was selected. Similar
optimization was performed with the other three cells lines (data
not shown).

Maximum release counts: Incubate the target cells (100 μL) with 10 μL
of lysis buffer (HBSS + Triton X-100, 0.5% final). This sample set
represents the maximum DELFIA signal achievable from the labelled
target cells. For NIH3T3 cells, the lysis buffer was HBSS + Triton
X-100, 1% final. Both lysis buffers are not included in the product kit.
In the case of a cell line with moderate to high spontaneous release
the use of inhibitors is suggested. Probenecid or sulfinpyrazone
(1-10 mM) are effective at blocking the spontaneous release of TDA
from the cells as they actively inhibit the transporter responsible for
the release of TDA from the intact cells. For the raptinal experiments
shown here, all cell lines utilized 1 mM sulfinpyrazone to decrease
the amount of spontaneous release from the labelled target cells
and improve the overall assay window.
Data Collection
DELFIA signal was measured on a PerkinElmer EnVision® 2105
Multimode plate reader using default values for time-resolved
fluorescence (TRF) and a dedicated laser for excitation. In the final
step of the DELFIA EuTDA Cytotoxicity Reagents kit, 20 µL of
supernatant sample containing TDA is mixed with 200 µL of the Eu
solution in a 96-well flat bottom assay plate and placed on a shaker
for 15 minutes before measuring the fluorescent signal of the
EuTDA product formed.
Analysis
Calculation of results:

Figure 2. Spontaneous Release from Daudi cells at the times noted (x-axis values). Loading
conditions are as follows from the BATDA stock tube (A) 2 µL BATDA for 10 min, (B)
5 µL BATDA for 10 min, (C) 2 µL BATDA for 30 min, and (D) 5 µL BATDA for 30 min.

Next, to reduce the spontaneous release and improve the assay
window, an inhibitor drug was tested in the Daudi cell line.
Probenecid (1 mM) was added to either the wash buffer or the
plating media or both. Figure 3 shows the results of adding
probenecid to the assay and suggests that it is most important to
have the inhibitor present in the plating media during the
incubation period of your assay.

% Spontaneous Release = (Spontaneous release (counts) –
Background (counts))/(Maximum release (counts) – Background
(counts)) x 100
% Specific release = (Specific release (counts) – Spontaneous
release (counts))/(Maximum release (counts) – Spontaneous release
(counts)) x 100

Results and Discussion
Four different cell types – two cell lines that grow in suspension
(Daudi and Jurkat) and two that are adherent (CHO-K1 and
NIH3T3) – were selected to demonstrate the capabilities of the
DELFIA Cytotoxicity Reagents kit. Three cell types were from a
human lineage and one cell type from a mouse lineage (NIH3T3).
The first step in optimization was to determine the amount of
BATDA per sample combined with the time and temperature for
loading. For simplicity’s sake, all loading was performed at the
elevated temperature of 37 oC in the cell culture incubator (5%
CO2, 37 oC, humidified atmosphere) which allows for rapid, gentle
loading of each cell type. Decision factors for loading selection
include the level of background signal, the fold change of the
maximum control well (lysed cells) relative to the background signal,
and the percent spontaneous release at each time point tested.
These parameters are tested initially without the use of efflux
inhibitor drugs (probenecid or sulfinpyrazone). Figure 2 shows the
Daudi loading optimization measuring spontaneous release of four
loading BATDA conditions. All four conditions yielded comparable
spontaneous release, the longer loading time provided a higher
maximum signal to background and as such the lower amount of

Figure 3. The effect of 1 mM probenecid inhibitor on spontaneous release in Daudi cells.
BATDA loading was done with 2 µL BATDA stock for 30 minutes. Drug conditions are
as follows: (0/0) no inhibitor, (0/+) inhibitor in media only, (+/0) inhibitor in wash
buffer only, and (+/+) inhibitor in both the wash buffer and media.

Next, in an effort to improve the assay window (maximum release
to spontaneous) an additional inhibitor sulfinpyrazone was tested
alongside probenecid. Jurkat cells were first optimized for loading
(2 µL BATDA for 15 min at 37 oC) and then tested for inhibitor
effects. Figure 4 shows a benefit to selecting 1 mM sulfinpyrazone
over 1 mM probenecid with the greatest effect clearly seen on the
longer incubation time of 4 hours.
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Figure 4. Comparison of inhibitors with effect on spontaneous release from Jurkat cells.
1 mM of each drug was tested and present in both the wash buffer and plating media
during the assay incubation period.

Once optimal conditions of loading were obtained, testing of a
cytotoxic molecule was performed. Raptinal is a potent small
molecule that induces intrinsic pathway apoptosis with unparalleled
speed (Palchaudhuri et al). After loading (2 µL BATDA for 30 min at
37 oC and 1 mM sulfinpyrazone post-loading) Daudi cells were
treated with 10, 25, and 50 µM raptinal for up to 4 hours. Figure 5
shows the effect of 50 µM raptinal by comparing specific to
spontaneous release over time. The inclusion of the inhibitor
sulfinpyrazone post-loading reduces spontaneous release and
provides the assay window necessary to observe the effect of raptinal
on the cells. Daudi cells showed specific release > 50% with 50 µM
raptinal and an approximate 4-fold assay window (maximum release
signal divided by spontaneous release counts) at 4 hours.

The remaining cell types, also shown in Figure 5, were optimized
for BATDA loading and subsequently tested with raptinal to gauge
specific killing up to 4 hours. Jurkat cells (suspension cell line, 2 µL
BATDA for 15 min at 37 oC and 1 mM sulfinpyrazone post-loading)
showed specific release > 80% with 50 µM raptinal and an
approximate 10-fold assay window at 4 hours. CHO-K1 cells
(adherent cell line, 2 µL BATDA for 10 min at 37 oC and 1 mM
sulfinpyrazone post-loading) showed specific release > 70% with
50 µM raptinal and a 3-fold assay window at 4 hours. NIH3T3 cells
(adherent cell line, 3 µL BATDA for 10 min at 37 oC and 1 mM
sulfinpyrazone post-loading) showed specific release > 100% with
50 µM raptinal and a 4-fold assay window at 4 hours. Note that in
rare cases the effector cells or cytotoxic molecule are more effective
than the lysis buffer in lysing the target cells, in which case the
experimental release may be higher than the maximum release
resulting in a specific release greater than 100% as seen here with
the NIH3T3 cells.

Summary
We have shown here the results of four selected cell lines and
optimal BATDA loading conditions for each. All four cell lines
utilized the inhibitor drug sulfinpyrazone to improve the assay
window and reduce spontaneous release. Sulfinpyrazone is easy to
work with and does not have solubility or media pH issues, unlike
its counterpart probenecid, which makes it a better option to use as
an inhibitor of spontaneous release. Assay windows in the presence
of sulfinpyrazone ranged from modest (CHO-K1 3-fold at 4 hours)
to excellent (Jurkat 10-fold at 4 hours) and will generally depend on
the cell line of choice. Raptinal was used to demonstrate partial to
complete killing of all four cell lines in the 4-hour time frame of the
assay and served as an effective tool to induce rapid cell death.
HBSS + Triton X-100 1% (final) was used for NIH3T3 and Triton
X-100 at 0.5% (final) was used for the other cell types to get the
maximum release value since the lysis buffer included in the kit did
not fully lyse the cells within the timeframe of the experiment.
The optimized BATDA loading conditions of the DELFIA EuTDA
Cytotoxicity Reagents kit for all four cell lines described here can be
used for small molecule discovery or more complex assays such as
CAR-T co-culture or ADCC (antibody dependent cell cytotoxicity)
wherein the target cell line is specifically labelled and cell death
tracked by the TDA release into the cell supernatant. DELFIA EuTDA
Cytotoxicity Reagents kit remains an excellent choice to replace
traditional radioactive labelling techniques with minimal
optimization required for the cell line of interest.

Figure 5. Effect of 50 µM raptinal on all four cell types. Spontaneous (spont.) and
specific release (specific) were measured as described. Sulfinpyrazone (1 mM) was
present during the assay incubation period noted.
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Table 1. Troubleshooting Guide.

Problem

Cause

Solution
Check the composition and pH of the buffers and solutions.

Low recovery
of loaded cells

Shorten the loading time.
Poor conditions

Be careful when washing the cells. If necessary, reduce the number of washes to three.
Use the culture media supplemented with serum throughout the assay or add serum to the wash buffer.
Perform the cell loading under optimal culturing conditions.

Inadequate Washing

Wash the loaded cells 5-6 times before use, carefully but quickly. Centrifuge for a maximum of 5 minutes at a speed
suitable for live cells. Be gentle when resuspending labeled cell pellets.
Avoid carryover from one wash to the following wash.

High background
Solutions or pipettes

Check that your solutions are not contaminated with BATDA.
Check for culture media interference.

Low label incorporation/
poor sensitivity

Low maximum release

Cell line difficult to label
Cells are in poor
conditions
Quench of signal

Increase the label concentration and/or the labeling temperature.
Try to use Pluronic F-127, 0.02% (w/w) during loading time.
Optimize the loading temperature.
Check the pH of the loading buffer.
Do not use SDS in the lysis buffer as it quenches fluorescence
Test additional lysis buffers such as HBSS + Triton X-100, 0.5%-1% final
This test is suitable for short-term assays (<4 h).
If cells are not fully lysed, a low maximum release will be calculated, and the percent spontaneous release will
appear high.
Long incubation times increase the spontaneous release. Withdraw supernatant samples after only a few minutes of
incubating the target cells with effector cells and monitor the release over time.

High spontaneous release

Dependent on cell line

Decrease the loading time.
Avoid leaving the cells waiting after loading and washing. Progress rapidly through the experimental setup.
Try adding 1-2 mM probenecid, 1-10 µg/mL mitomycin C, or up to 2 mM sulfinpyrazone to the wash solution and
to the media used for diluting the cells after washing. Note: Probenecid is not soluble in the wash buffer or the
media at these concentrations. A 200X stock solution is first dissolved in 1 M NaOH, which is then diluted 2-fold in
the wash buffer (1X PBS supplemented with 20 mM HEPES). The 100X probenecid stock solution is then diluted
100-fold in the wash buffer and the media. Check pH of media. Make sure cells are in log phase of their growth
while being labeled.
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