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Introduction

Protein phosphorylation is a critical process involved in 
cell signaling. Many intracellular processes are regulated 
by protein phosphorylation, including cellular growth, 
proliferation, and division. LANCE® Ultra TR-FRET cellular 
phosphoprotein detection kits provide physiologically 
-relevant, homogeneous mix-and-read assays that can 
be measured without the need for specially-engineered 
cell lines. 

LANCE Ultra time-resolved fluorescence resonance energy 
transfer (TR-FRET) assays use a proprietary europium 
chelate donor dye, W1024 (Eu), together with ULight™, a 
small molecular weight acceptor dye with a red-shifted 
fluorescent emission. The binding of the Eu-labeled 
anti-phospho-ERK antibody and ULight-labeled total 
ERK antibody to phospho-ERK (pERK) brings the Eu donor 
and ULight acceptor dye molecules into close proximity. 
Upon irradiation at 320 or 340 nm, the energy from the 
Eu donor is transferred to the ULight acceptor dye which, 
in turn, generates light at 665 nm (illustrated in Figure 1). 
The intensity of the light emission is proportional to the 
level of phosphorylated or total target protein.

Reagents 

• Cell line (A431 cells (ATCC #CRL-1555)) 

• Stimulator (EGF (Sigma #E9644)) 

• Inhibitor compound (AG1478 (Cayman #AG-1478)) 

• 96-well CulturPlates™ (PerkinElmer #6005680) 

• CellCarrier™-96 plates (PerkinElmer #6005550)

• OptiPlate™-384 (PerkinElmer #6007290)

•  LANCE Ultra phospho-ERK cell detection kit  
(PerkinElmer #TRF4000C)

•  LANCE Ultra total ERK cell detection kit  
(PerkinElmer #TRF4001C)

Figure 1. Phosphorylated ERK LANCE Ultra cell-based TR-FRET principle.
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Protocol

Cells (50 μL) were plated in either 96-well CulturPlates or  
CellCarrier 96 plates and allowed to adhere overnight in a cell 
culture incubator (37 °C, 5% CO2). Next, 50 μL of 2X stimulator in 
cell culture media or 25 μL of 4X inhibitor in cell culture media was 
added to each well. For inhibitor experiments, plates were 
incubated for 30 minutes at 37 °C, followed by the addition of  
25 μL of 4X stimulator in cell culture media. Cells were then 
incubated with stimulator at 23 °C. Culture media were carefully 
removed, followed by addition of 50 μL of lysis buffer. Plates were 
incubated with shaking for 30 minutes at 23 °C. Next, 15 μL of 
lysate was added to the wells of a 384-well OptiPlate. 5 µL of a 4X 
mix of Eu-labeled anti-pERK or total ERK antibody (0.5 nM final) 
and ULight labeled anti-ERK antibody (5 nM final) was then added. 
Plates were covered with TopSeal®-A film and incubated for 4 hours 
or overnight at 23 °C. TopSeal-A film was removed prior to reading 
the plates on the EnSight™ multimode plate reader.

Data Collection and Analysis

All data were collected on the PerkinElmer EnSight multimode 
plate reader (Figure 2). The EnSight reader combines traditional 
detection technologies such as TRF, TR-FRET, luminescence and 
Alpha with image-based cytometry technologies in a single 
benchtop platform. Cellular confluency, or the surface area of the 
well covered by cells, was automatically assessed for cultures using 
the brightfield images. The Kaleido™ data acquisition and analysis 
software uses an algorithm to determine the area covered by cells 
and provides additional morphology-related information.1

The ratio of the 665 nm signal (from ULight) normalized to the 
615 nm (Europium) signal was calculated (and multiplied by  
a factor of 10,000 for easier data processing) for all experiments.  
The data were analyzed using GraphPad Prism® version 7 software. 
The stimulation curves were generated using nonlinear regression 
using a four-parameter logistic equation (sigmoidal dose-response 
curve with variable slope). Inhibition curves were generated using a 
four-parameter (variable slope) inhibition dose-response curve fit. 

Serum Starvation, Stimulation Time, and Cell Titration

For initial optimization, three cell numbers (25,000, 50,000, and 
75,000) were chosen to test with two different stimulation times. 
Cells were plated the night before and media were swapped to 
media with or without 10% FBS for 4 hours prior to stimulation. 
Cells were stimulated with 200 nM (final) EGF, a known stimulator 
for phospho-ERK signaling, for either 5 minutes or 20 minutes. 
Data are shown in Figure 3. A higher signal-to-background was 
achieved with serum starvation and 5 minute stimulation times.

Full Cell Titration 

The next optimization step was a full cell titration at optimal 
stimulation time. Various cell numbers were plated and incubated 
overnight. All cells were plated in CellCarrier-96 plates and 
serum-starved for 4 hours. Data are shown in Figure 4.

Titration of Stimulator

Next, an EGF titration experiment was performed. Data are 
shown in Figure 5. A dose-dependent response is seen for  
the phospho-ERK assay, showing good stimulation of ERK 
phosphorylation by EGF. As expected, EGF did not modulate 
total ERK signal.

Inhibitor Titration

Lastly, we ran inhibition experiments using AG1478, an EGF 
receptor inhibitor. 70,000 cells per well were plated and allowed 
to adhere overnight. Cells were serum-starved for 4 hours. 
Various concentrations of AG1478 were incubated with the cells 
for 30 minutes prior to addition of 200 nM (final) EGF. Cells 
were then lysed. The lysate was transferred and incubated with 
detection reagents (either total ERK or pERK) overnight. As 
shown in Figure 6, AG1478 inhibited ERK phosphorylation in a 
dose-dependent manner. As expected, no inhibitory effect was 
observed for the total ERK assay.Figure 2. EnSight Multimode Plate Reader.

Figure 3. Optimization of cell number and stimulation time.
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Figure 4. Full cell titration experiments. A) Images of selected wells show density of A431 cells prior to treatment: 7.5K (top left), 30K (top right), 60K (bottom left), and 
120K (bottom right). B) Percent confluency as a function of cell number calculated on the EnSight reader. C) Signal for pERK and total ERK as a function of cell number for 
both stimulated and unstimulated cells. D) Signal-to-background (signal from stimulated/unstimulated cells) calculated for pERK and total ERK. Data were collected after 
overnight incubation with detection reagents.
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Figure 5. Stimulator titration experiment. 70,000 cells/well were plated and allowed to 
adhere overnight. Cells were serum-starved for 4 hours. Various concentrations of EGF 
were incubated for 5 minutes with the cells. Cells were lysed, then the lysate was 
transferred and incubated with detection reagents (either total ERK or pERK) overnight.

Figure 6. Inhibition of ERK phosphorylation by AG1478 inhibitor.
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