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Receptor-Mediated Stimulation of 
AKT Pan-Kinase in NIH3T3 Cells
Using the Synergy Neo2 multimode reader to measure  
THUNDER TR-FRET cell signaling assays.

Paul Held, Ph.D.

Abstract

Cell proliferation is usually initiated though cell 
surface receptors, which interact with specific li-
gands. This interaction elicits a signal cascade that 
transmits from the cell surface to the nucleus. The 
signal cascade involves the activation of proteins 
by phosphorylation as a result of specific protein 
kinases. AKT pan is a key protein in this signaling 
pathway that is activated by phosphorylation.

Thus, the ability to monitor the phosphorylation 
status of this protein can provide insight to the 
growth status of cells in culture. This application 
note describes the quantitation of phospho-AKT 
pan (S473) as a result PDGF stimulation of NI-
H3T3 fibroblast cells using THUNDER TR-FRET 
assay kits in conjunction with the Agilent BioTek 
Synergy Neo2.

Introduction

Platelet-derived growth factor (PDGF) stimulates 
proliferation, migration and survival of mesen-
chymal cells and plays a pivotal role during em-
bryonic development and wound healing.1 The 

binding of the bivalent ligand induces dimeriza-
tion and activation of PDGF receptors, leading to 
autophosphorylation of tyrosine residues in the in-
tracellular region.2 As a result, several signal trans-
duction pathways are initiated, including phospha-
tidylinositol 3-kinase (PI3K), the Src tyrosine kinase, 

Figure 1. Schematic of the PDGF receptor pathway for  
cell proliferation.
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phospholipase Cγ (PLC), and several mitogen-acti-
vated protein (MAP) kinase cascades (Figure 1).

AKT, also known as protein kinase B, is a serine/
threonine-specific protein kinase that plays a key 
role in multiple cellular processes such as glucose 
metabolism, apoptosis, cell proliferation, transcrip-
tion, and cell migration.3 AKT is involved in cellu-
lar survival pathways, by inhibiting apoptotic pro-
cesses. AKT is also able to induce protein synthesis 
pathways, and is therefore a key signaling protein 
in the cellular pathways that lead to general tissue 
growth. Since it can block apoptosis and promote 
cell survival, AKT has been implicated as a major 
factor in many types of cancer.

The Pleckstrin homology domain of AKT binds di-
rectly to phosphatidylinositol (3,4,5)-trisphosphate 
(PIP3) and phosphatidylinositol (3,4,)-diphosphate 
(PIP2), which are produced by activated PI3Ks.4 Be-
cause both of these compounds are restricted to 
the plasma membrane, AKT binding results in its 
translocation to the plasma membrane.

Once correctly positioned at the membrane, AKT 
can then be phosphorylated by its activating kinas-
es, the mammalian target of rapamycin complex 2 
(mTORC2) at serine 473 followed by phosphoinos-
itide dependent kinase 1 (PDPK1) at threonine 
308.5 Activated AKT can then go on to activate or 
deactivate its myriad substrates (e.g. mTORC1) via 
its kinase activity (Figure 1).

Wortmannin is a nonspecific, irreversible inhibitor 
of phosphoinositide 3-kinases (PI3Ks). Wortmannin 
is a steroid metabolite of the fungi Penicillium fu-
niculosum and Talaromyces wortmannii (Figure 2). 
The compound has a highly reactive C20 carbon 
that covalently binds phosphoinositol 3-kinases 
(PI3Ks) at their active site and inhibits their activity. 
By inhibiting the formation of PIP3 and PIP2, AKT 

cannot translocate to the membrane and be phos-
phorylated at position S473.

The Phospho-AKT pan (S473) assay is a homoge-
neous time-resolved Förster resonance energy 
transfer (TR-FRET) sandwich immunoassay (Figure 
3). Following cell treatment, cells are lysed with the 
specific lysis buffer provided in the kit. Then Phos-
pho-AKT pan (S473) in the cell lysates is detected 
with a pair of fluorophore-labeled antibodies. One 
antibody is labeled with a donor fluorophore (Eu-
ropium chelate; Eu-Ab1) and the second with a 
far-red acceptor fluorophore (FR-Ab2). The binding 
of the two labeled antibodies to distinct epitopes 
on the target protein takes place in solution and 
brings the two dyes into close proximity. Excitation 
of the donor Europium chelate molecules triggers 
a FRET from the donor to the acceptor molecules, 
which in turn emit a TR-FRET signal at 665 nm. This 
reaction can only take place in the presence of the 
specific analyte. Residual energy from the Eu che-
late generates light at 615 nm. The signal at 665 
nm is proportional to the concentration of Phos-
pho-AKT pan (S473) in the cell lysate. Data can be 
expressed as either the signal at 665 nm or the 665 
nm/615 nm ratio.

Figure 2. Structure of wortmannin.
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The Synergy Neo2 is a multimode microplate 
reader that can be configured with a 337 nm laser 
specifically designed for the excitation of TR-FRET 
assays based on the lanthanide Europium. In addi-
tion to the laser for excitation wavelength, the fil-
ter-based optical system uses dichroic mirrors and 
deep blocking bandpass filters for emission dis-
crimination. The light signal is captured using di-
rect fiber-less optics with multiple PMTs to capture 
the dual signal outputs simultaneously.

Materials and methods

Phospho-AKT pan (S473) assay kit, KIT-
AKTS473P-500, was from BioAuxillium (QC, Can-
ada). Fetal bovine serum, Advanced-DMEM, and 
Glutamine-Pen-Strep were purchased from Life 
Technologies (Carlsbad, CA). Black sided, clear bot-
tom 96-well (3904) and solid white, low volume 
384-well (3674) microplates were obtained from 
Corning (Corning, NY). Lyophilized PDGF-AA (221-
AA) was from R&D Systems (Minneapolis, MN) and 
rehydrated to 100 µg/mL in 4 mM HCl as directed.

Cell culture

NIH3T3 cells were cultured in Advanced DMEM 
medium supplemented with 10% fetal bovine se-

rum, 2 mM glutamine and penicillin-streptomycin 
at 37 °C in 5% CO2. Cultures were routinely tryp-
sinized (0.05% Trypsin-EDTA) at 80% confluency. 
For experiments, cells were plated into Corning 
3904 black sided clear bottom 96-well microplates. 
Unless otherwise indicated, cells were seeded at a 
density of 10,000 cells per well in Advanced-DMEM 
supplemented with 10% FBS 2 mM glutamine and 
penicillin-streptomycin and allowed to attach 
overnight. The following day, the medium was 
changed to Advanced-DMEM supplemented with 
0.1% FBS 2 mM glutamine and penicillin-strep-
tomycin. Cells were exposed to low serum for 24 
hours prior to experimentation.

Assay process

Assays were run using the two-plate transfer pro-
tocol. After stimulation, cells are lysed with 50 µL 
per well of 1x lysis buffer supplemented with 1 mM 
sodium fluoride and 2 mM sodium orthovanadate 
phosphatase inhibitors. Lysis buffer is supplied by 
the assay kit as a 5x concentration and is diluted 
with MilliQ water immediately prior to use. Lysis 
was carried out on an orbital microplate shaker at 
400 rpm for 60 minutes. After lysis, 15 µL of each 
lysate were transferred to a solid white 384-well 
detection plate followed by 5 µL of a 4x antibody 
mix. The 4x antibody mix consisted of Eu-labeled 
Phospho-AKT pan (S473) antibody (Eu-Ab1) and 
an acceptor-labeled Phospho-AKT pan (S473) anti-
body (FR-Ab2) mixture in 1x detection buffer, and 
was prepared immediately prior to use as directed 
in the assay instructions. The assay plate was sealed 
with an adhesive plate sealer and incubated in the 
dark at room temperature for 4 hours.

Detection

The detection plate was read using a Synergy Neo2 
configured with a 377 nm laser excitation source. 

Figure 3. Schematic of the TR-FRET reaction of  
THUNDER assays.
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The emission was detected using a dual emission 
620 and 665 nm filter set, with the gain for both 
PMTs set to 100. Each measurement was the mean 
of 20 data points. Each data point was used a de-
lay of 50 µsec. after the laser pulse with a collection 
time of 100 µsec (Table 1).

Data reduction

Captured assay data were first blanked by sub-
tracting the mean signal at 620 nm and 665 nm of 
several empty wells from the experimental wells of 
the respective wavelength. The TR-FRET ratio is cal-
culated by dividing the blanked 665 nm emission 
signal by the blanked 620 nm emission and mul-
tiplying that value by 1,000. The TR-FRET ratio was 
then plotted as necessary.

Results and discussion

The data demonstrate that the mouse fibroblast NI-
H3T3 cell line can be stimulated to phosphorylate 
the protein AKT at the S473 position. As demon-
strated in Figure 4, PDGF produces a concentration 

dependent increase in phospho-AKT pan (S473) 
when NIH3T3 cells are stimulated for 15 minutes.

The stimulatory response of PDGF can be negated 
by the compound wortmannin. When NIH3T3 cells 
are incubated with various concentrations of wort-
mannin for 30 minutes prior to stimulation with 
PDGF, a concentration-dependent inhibition of the 
stimulatory response is observed (Figure 5). Under 

Table 1. Synergy Neo 2 read parameters for  
dual emission TR- FRET measurements.

Synergy Neo2 Read Parameters

Mode Time-resolved fluorescence

Filter Sets Dual PMT

Excitation 337 nm (cube 18)

Emission 620 nm and 665 nm (cube 41)

Gain (PMT1, PMT2) 100,100

Read Speed Normal

Delay After Plate Movement 0

Measurements Per Data Point 20

Read Height 5.00 mm

Dynamic Range Standard ( 0 to 99,999)

Light Source TRF laser (377 nm)

TRF Parameters

Delay 50 μsec

Data Collection Time 100 μsec

Figure 4. Stimulation of AKT pan (S473) phosphorylation by 
PDGF. NIH3T3 cells (10,000 cells/ well) were incubated with serial 
dilutions of PDGF-AA for 15 minutes at 37 °C and then lysed.

Figure 5. Wortmannin inhibition of phosphorylation of AKT pan 
(S473). NIH3T3 cells (10,000 cells/well) were incubated with serial 
dilutions of Wortmannin for 30 minutes at 37 °C. Cells were then 
stimulated with 10 nM PDGF-AA for 15 minutes at 37 °C and 
then lysed.
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these conditions, the IC50 for wortmannin was de-
termined to be 56 nM.

A comparison of wells treated with 10 nM PDGF 
and untreated wells indicates that the assay is 
quite robust. The assay quantitation window for 
the phospho-AKT pan (S473) assay was 6x over 
basal levels (Figure 6). The mean TR-FRET ratio of 
cells stimulated with 10 nM PDGF was determined 
to be 180, while untreated wells had an observed 
ratio of 30. The calculated Z’-factor for this experi-
ment was 0.722, indicating that the signal change 
is significantly different from unstimulated con-
trol cells.

The assay is quantitative in regards to cell num-
ber. As demonstrated in Figure 7, when different 
number of NIH3T3 cells were seeded into 96-well 
microplates and stimulated with PDGF a linear re-
lationship between seeding number at TR-FRET 
ratio is observed. As few as 2,500 cells can be dis-
tinguished against a no-cell control, albeit with a 
small assay window. At high cell concentrations 
(20,000 cells/well), adequate cell lysis and cell over 
growth become problematic, leading to more sam-
ple variability. For NIH3T3 cells, a seeding densi-

ty of 10,000 to 15,000 cells per well was found to 
provide an adequate assay window and consistent 
lysis. These data are corroborated by the S/B and 
Z’-factor analysis depicted in Table 2. When 10 to 
15K cells per well are seeded, the S/B ratio was 
found to be between 8 to 10 and had a Z’-factor 
approximately 0.75.

Platelet-derived growth factor (PDGF) is one 
among numerous growth factors that regulate cell 
growth and division. In particular, PDGF plays a sig-
nificant role in blood vessel formation, the growth 
of blood vessels from already-existing blood vessel 

Figure 6. Z’-factor determination in NIH3T3 cells. NIH3T3 
cells (10,000 cells/well) were incubated with 10 nM PDGF-
AA for 15 minutes at 37 °C and then lysed. The Z’-factor 
was determined using a total number of 36 wells for each 
treatment group.

Figure 7. NIH3T3 cell number titration. NIH3T3 cells were seed-
ed into 96-well plates at different seeding densities. After an 
overnight attachment and 24 hours of serum starvation, cells 
were stimulated with 10 nM PDGF for 15 minutes at 37 °C and 
then lysed.

Table 2. Signal-to-background ratio and Z’-factor for different cell 
seeding densities. NIH3T3 cells were seeded into 96-well plates at 
several different seeding densities. After an overnight attachment 
and 24 hours of serum starvation, cells were stimulated with 10 nM 

PDGF for 15 minutes at 37 °C and then lysed. Data represent the 
statistics for 12 data points each.

Cells/Well TR-FRET Ratio S/B Z'

0 19 – –

1,250 27 1.40 –0.122

2,500 44 2.31 0.472

5,000 84 4.44 0.642

10,000 155 8.15 0.742

15,000 193 10.17 0.785

20,000 208 10.96 0.680
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tissue, mitogenesis, i.e. proliferation, of mesenchy-
mal cells such as fibroblasts, osteoblasts, tenocytes, 
vascular smooth muscle cells. These data demon-
strate that the stimulation of NIH3T3 cells with 
PDGH promotes the phosphorylation of AKT pan at 
S473. In addition, the stimulatory affect can be ne-
gated by the addition of the PKI3K inhibitor wort-
mannin. The THUNDER TR-FRET cell signaling assay 
for phospho-AKT pan (S473) used in these exper-
iments is a robust and easily performed assay, as 
demonstrated by high Z’ values.

The cellular signaling biology is complex and in-
volves numerous proteins that are regulated by 
a number of dynamic post translational modifi-
cations. The THUNDER assay portfolio provides a 
series of assays all run in using the same add-in-
cubate-measure format. These homogeneous 
assays do not require any wash steps and can 
be performed in a single day. Cell lysates from 
experiments can be kept frozen at -80° and as-
sayed as a group in order to improve efficiencies 
with assay reagents. This study used one 96-well 
plate for the cellular experiment and a separate 
low-volume 384-well assay plate for the detec-
tion step (two-plate assay protocol), protocols 
are provided for single plate assays in the assay 
kit instructions. The THUNDER assay kits provide 
all of the necessary reagents in order to carry 
out the assay with the exception of phosphatase 
inhibitors. While absolutely necessary for the 
assay, the correct cocktail mix of phosphatase 
inhibitors will be dependent on the analyte in 
question and need to be freshly prepared.

The Agilent BioTek Synergy Neo2 hybrid multimode 
reader is an ideal platform to measure TR-FRET re-
actions such as the THUNDER assays from BioAuxil-
lium. The Synergy Neo2 can be configured with TRF 
laser and up to 4 PMTs, allowing for high-through-
put assay development and screening. This allows 

for simultaneous capture both the 620 and 665 nm 
emissions. This fiber-less design provides direct il-
lumination for very strong sample excitation which 
guarantees the highest levels of sensitivity. The 
optical system uses barcoded filter cubes contain-
ing dichroic mirrors and deep blocking bandpass 
filters for error free determination of excitation and 
emission. The reader is controlled and the data re-
duction performed by Agilent BioTek Gen5 data 
analysis software. This combination of assay tech-
nology, software and instrumentation provides an 
ideal solution for high-throughput detection for a 
variety of applications.
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A Homogeneous FRET-Based HTS 
Assay for Quantification of pRb 
in Cancer Cell Lines to Monitor 
Inhibition of G0/G1 Cell Phase 
Transition
Novel HTRF cell-based assay quantifies endogenous phosphorylated 
retinoblastoma protein as a readout. 

Peter J. Brescia

Abstract

The field of cancer biology remains one of the most 
rapidly expanding areas of investigation in both in-
dustry and academia. Understanding disruptions 
that control pathways and checkpoints leading 
to uncontrolled tumor progression are key to un-
derstating disease progression. Presented here is a 
novel HTRF cell-based assay that quantifies endog-
enous phosphorylated retinoblastoma protein as a 
readout of the G0/ G1 cell phase transition.

Introduction

Cancer remains a global concern given the signif-
icant number of new cases reported annually. Re-
cent advances in understanding the underlying bi-

ology of disease progression at the molecular level 
have proved beneficial for identification of new 
targets and agents against tumor cell growth.1 A 
key factor of cancer progression in general is a dis-
ruption of cell cycle control leading to unobstruct-
ed cell proliferation. The ability to identify control 
pathways and checkpoints to target may provide 
points of intervention through novel therapeutics.2

During normal cell cycle control the distinct phases 
of the cell cycle are conserved progressing from G0 

(quiescence) followed by G1 (pre-DNA synthesis), S 
(DNA synthesis), G2 (pre-division), and M (cell divi- 
sion). Of those, the progression from G1 to S pro- 
vides a sentry point that restricts cell proliferation 
via the interaction between the cyclin-dependent 
kinases (CDKs) and cyclin proteins.3 One key role 
of a subgroup of CDKs, serine/threonine kinases, 
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is the hyperphosphorylation of the retinoblastoma 
(Rb) gene product, pRb, in early G1 by CDK4 and 
CDK6 interacting with cyclin D1 resulting in inac- 
tivation and the subsequent release of a number 
of transcription factors necessary for passage into S 
phase.4 Previous observations suggest that CDK4/6 
inhibition may prevent tumor growth and may 
help return cells to a near normal phenotype.2

Demonstrated here is a novel HTRF cell-based as-
say that simply and accurately quantifies endog-
enous phosphorylated retinoblastoma protein at 
Ser807/811 as a readout of the G0/ G1 cell phase 
transition. The dose response and IC50 concentra-
tion was determined for a representative kinase 
inhibitor in a high throughput 384-well, homoge-
neous cell-based assay format using a representa-
tive cancer cell line.

Materials and Methods

HTRF Reader Control Kit (PN: 62RCLPEA), Hu- man 
TNF Alpha Kit (PN:62HTNFAPET) and Phos- ph-Rb 
(Ser807/811) Cellular Kit (63ADK105PEG) were 
from Cisbio (Bedford, MA, USA). HCT116 (PN: 

ATCC® CCL-247™, ATCC, Manassas, MD, USA) cells 
were cultured using standard tissue culture meth-
ods as per the manufacturers’ recommendations. 
The phospho Rb assay was performed using the 
One-plate Assay Protocol. Briefly, the cells were 
harvested at 80-90% confluence using TrypLE dis-
sociation reagent (PN:12605036, Thermo Fisher, 
Waltham, MA, USA) with gentle handling. The cells 
were collected by centrifugation and resuspend-
ed at the desired cell density in the appropriate 
growth medium followed by plating 10,000 cells 
in 8 µL into a small-volume, white, 384-well micro-
plate (PN:3826, Corning, Tewksbury, MA, USA) and 
allowed to attach during incubation at 37 °C, 5% 
CO2 overnight.

Palbociclib (PN: 4786, Tocris, Minneapolis, MN, 
USA) was prepared as a 3x stock as a half-log di-
lution series and added in a volume of 4 µL of the 
appropriate cell growth medium to the cells with 
mixing and incubated as above for 6 hours. Lysis 
reagent was prepared as per the manufacturers’ 
recommendation and added in a volume of 4 µL 
with mixing for 1 hour. Antibody pre-mix was pre-
pared as per the manufacturers’ recommendation 
for the single plate protocol. The antibody pre-mix 
was added in a volume of 4 µL and incubated at 
room temperature overnight.

Instrumentation

HTRF measurements for the Reader Control Kit 
and TNFα assay were taken using optimized pa-
rameters determined during reader certification. 
HTRF measurements for Rb detection were taken 
using the optimized settings show below (Table 1). 
Briefly, the Synergy Neo2™ was fitted with TRF laser 
reader cubes for Europium/Red acceptor (Cubes 18 
and 41). The read mode selected was TRF Laser in 
the top position to take advantage of the dual-PMT 

Figure 1. The HTRF® assay. The HTRF proximity assay 
relies on two different specific antibodies targeting phos-
phorylated Rb. One antibody is labeled with a europium 
cryptate (donor) and the second with an acceptor. When 
the labeled antibodies come into close proximity, a FRET 
signal is detectable.
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optical pathway. Dual Photo-Multiplier Tube (PMT) 
gain settings were optimized using the auto-gain 
feature. Read height was set to 6.75 mm using 
auto adjust plate height calibration for use with a 
384-well, small-volume plate. The remainder of the 
settings were based on parameters determined 
during performance of the HTRF reader certifica-
tion assays.

Results

Data normalization to account for cell plating dif-
ferences was achieved using a calculated signal ra-
tio by dividing acceptor signal by donor signal and 
multiplying the value times 10,000 for each well as 
seen in the following equation:

The Delta F (DF%) represents the signal-to-back-
ground of the assay using internal assay controls to 
compare day-to-day variability. The DF% is calcu-
lated by dividing the difference between the signal 
and background ratios by the background ratio as 
seen in the following formula:

HTRF Reader Control Kit

The HTRF Reader Control Kit was used to validate 
laser parameters required to exceed the norms 

Figure 2. Phosho-Rb Assay workflow.

Table 1. Synergy Neo2 equipped with TRF laser cubes,  
with the above settings, was used to rapidly capture dual  

emission HTRF measurements.

Synergy Neo2 Read Parameters

Mode Time-Resolved Fluorescence (Laser)

Filter Sets Dual PMT

EX/EM EX337/EM620/665

Gain (PMT1, PMT2) Auto

Read Speed Normal

Delay after plate movement 0

Measurements per data point 20

Read Height 6.75 mm

Dynamic Range Standard

Light Source TRF Laser

TRF Parameters

Delay 100 µsec

Data collection time 500 µsec
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provided by Cisbio (Table 2). The data collected 
surpassed the typical norms of assay performance 
with as little as 1 flash with a standard 0 CV= 6.5%, 
low calibrator DF = 39%, and high calibrator DF = 
1115%, and S/N = 412 (Table 3).

Human TNFαα Assay

The Human TNFα Assay Kit was used to validate the 
laser parameters required to meet or exceed assay 
norms for LOD seen below (Table 4). The Synergy™ 
Neo2 was able to surpass the typical assay norms 
with as little as 10 flashes with ratio CVs ≤2% and 
LOD = 6.6 pg/mL (Table 5 and Figure 3).

The Z factor was calculated using eight replicate 
mea- surement of +/- palbociclib (10 uM). The as-
say result- ed in Z’ factor of 0.63 indicative of very 
robust assay performance with low variability in a 
high-throughput microplate format (Table 6).

Phospho-Rb Detection

Cells were plated as four replicates for each drug 
concentration in a high throughput 384-well, solid 
white, small-volume microplate and allowed to at-
tach overnight with incubation. An 11-point, half-

Table 2. HTRF Reader Control Kit norms.

Norms

Standard 0 Cv% ≤10%

Low calibrator ≥15%

High calibrator ≥550%

S/N : ≥40

Table 3. Reader Control Kit performance data. Synergy Neo2 fitted with laser was used in conjunction with HTRF Reader Control Kit for
validation of reader parameters necessary to meet or exceed typical norms of assay performance.

Reader Control Kit S/N vs. Laser Flashes (Low-Volume, white plate)

1 Flash 5 Flashes 10 Flashes 20 Flashes

Ratio Mean CV (%) DF% Mean CV (%) DF% Mean CV (%) DF% Mean CV (%) DF%

Std 0 2188 6.5 2378 3.33 2378 2.8 2405 2.8

Low calibrator 3046 5.1 39 3245 2.9 36 3291 1.9 38 3311 1.8 37

High calibrator 26576 3.3 1115 27985 1 1077 27968 0.8 1060 27892 0.8 1052

S/N (620 nm/ blank) 412 378 381 406

Table 4. Human TNFα Assay norms.

Norm Detection limit (2SD)
<12.5 pg/mL

Table 5. Human TNFα Assay data.

10 Flashes

665 nm 620 nm Ratio dF

mean cv% mean cv% mean std 
dev cv%

Calibrator 0 34285 4.4% 46821 3.1% 7320 141.59 1.9%

Calibrator 1 38768 6.1% 47617 2.2.% 8057 143.91 1.8% 10%

Calibrator 2 41362 3.3.% 46625 2.8% 8871 159.75 1.8% 21%

Calibrator 3 47525 3.1% 46714 2.6% 10173 150.35 1.5% 39%

Figure 3. Human TNFα Assay.

Table 6. Z' - Factor.

384-well assay 0.63
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log serial dilution series of the kinase inhibitor pal-
bociclib, including a zero compound addition, was 
added to each well and allowed to incubate for 6 
hours prior to addition of lysis reagent. The HTRF 
signal was read following a 1 hour incubation peri-
od at room temperature. The IC50 concentration was 
determined using a four-parameter dose-response 
curve fit in Prism software (GraphPad Software, 
Inc., La Jolla, CA, USA)(Figure 4). The calculated IC50 
value correlate well with previously reported data.2

Discussion

The Synergy™ Neo2 configured with TRF laser and 
up to 4 PMTs allows for high throughput assay de-
velopment and screening. A dose response titra-
tion of palbociclib against a representative cancer 
cell line resulted in an IC50 value which correlate 
well with previously reported values.2 The Synergy 
Neo2 provides rapid detection which is necessary 
for high-throughput assay formats. Read time was 
~2m42s for 384-wells with 10 flashes per well. The 
improved sensitivity provided by the laser exci-
tation allows simplified workflows to be performed 

as indicated by the ability to execute the One-plate 
protocol in a 384-well assay format. The combina-
tion of assay and instrumentation provides an ideal 
solution for high-throughput detection for a vari-
ety of applications.
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Investigation of Protein: 
Protein Interactions (PPI)  
Using a Novel Bioluminescence  
Resonance Energy Transfer 
(BRET) Proximity-Based,  
High Throughput Screening Assay
Synergy Neo2 provides rapid detection of multiple signals by  
simultaneously detecting BRET donor and acceptor emission signals.

Peter J. Brescia, Peter Banks, and Amy Landreman

Proteins have been found to play a variety of crit-
ical roles in living cells. To better understand how 
individual proteins function, it is important to be 
able to elucidate the dynamic interactions occur-
ring within a cellular context. A recently developed 
reagent platform, similar in configuration and 
approach to bioluminescence resonance energy 
transfer (BRET), provides a new tool for investiga-
tion of protein:protein interactions (PPI). The sys-
tem is a proximity-based assay that relies on the 
measure of energy transfer from a bioluminescent 
donor protein to a fluorescently tagged acceptor 
protein. The assay system was used to investigate 
the PPI of MDM2 and p53 in a cell-based, high 
throughput screening assay format.

Introduction

While several methods exist to investigate  
protein:protein interactions (PPI) in living cells, 
monitoring those interactions remains diffi-
cult. Current methods include those that are  
primarily based on biochemical methods such 
as co-immunoprecipitation, bimolecular fluores-
cence complementation, yeast two-hybrid, phage 
display, chemical cross-linking and proximity li-
gation assays while physical methods include 
bio-layer interferometry, dynamic light scattering, 
surface plasmon resonance, fluorescence polar-
ization/anisotropy and fluorescent energy trans-
fer (FRET). The various methods differ in respect 
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to sensitivity and specificity in any given system 
typically requiring multiple approaches for reli-
able confirmation.

While the use of fluorescent labels plays an im-
portant role in many of the methods employed for 
investigation of PPIs the need for an external illu-
mination source can result in both increased back-
ground and/or photobleaching of fluorophores. 
FRET has been widely accepted as an investigative 
method to determine the proximity of two labeled 
molecules of interest. FRET requires the close prox-
imity of donor and acceptor fluorophores for effi-
cient energy transfer from donor to acceptor fol-
lowing excitation from an external light source. A 
similar methodology, bioluminescent resonance 
energy transfer (BRET), has gained in popularity by 
harnessing the bioluminescence energy of lucifer-
ase as the excitation source minimizing noise from 
both background and photobleaching associated 
with the use of an external light source.

In a manner similar to BRET, NanoBRET™ utilizes 
a NanoLuc® fusion protein as an energy donor 
and a fluorescently labeled HaloTag® fusion pro-
tein as the acceptor (Figure 1). NanoLuc (Nluc) 
is an engineered luciferase variant derived from 
the deep sea shrimp, Oplophorus, and associated 
substrate, with many of the desirable character-
istics mentioned above.1 The engineered lucifer-
ase is a stabilized variant of the smaller catalytic 
subunit (Oluc-19) from the heteromeric native 
structure. Nluc, when coupled with substrate, the 
coelenterazine analogue furimazine, produces a 
much brighter light than either Fluc or Rluc with a 
spectral maximum at 454 nm (Figure 2). The opti-
mized blue-shifted donor and red-shifted accep-
tor pair helps to minimize both assay background 
due to the biological nature of the sample and 
from spectral overlap making it amenable to high 
throughput screening applications.

Preliminary data includes analysis of a donor-ac-
ceptor fusion protein for assay and instrumenta-
tion optimization as well as investigation of the 
donor-MDM2 and acceptor-p53 fusion pair in a 

Figure 1. The NanoBRET™ assay. Diagram of energy transfer 
from NanoLuc-Protein A fusion (donor) to a fluorescently 
labeled HaloTag-Protein B fusion (acceptor) upon interaction.

Figure 2. NanoBRET Spectra. Spectra of NanoLuc emission 
at 460 nm and fluorescent emission at 618 nm of HaloTag 
NanoBRET ligand. NanoBRET ratio calculation based on donor/
acceptor emission.
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cell-based system. The MDM2 and p53 fusion pro-
tein pair was transiently transformed into HEK293 
cells for analysis including Z’-factor and pharmaco-
logical studies.

Materials and Methods

Materials

Plasmid Preparation

NanoBRET™ Protein: Protein Interaction (PPI) 
System consisting of the NanoLuc®-MDM2 and 
p-53-Halo- Tag® Fusion Vectors and NanoBRET™ 
Positive Control consisting of a donor-acceptor fu-
sion protein vector (P/N:N1641 and N1581, Prome-
ga Corp., Madison, WI) were used to transform 
chemically competent E. coli strain BL21DE3 using 
standard methods. Positive transformants were se-
lected and propagated for preparation of plasmid 
stocks for transfection of HEK293 cells.

Cell Culture, Transient Transfection and  
Microplate Seeding

HEK293 cells were cultured using standard tissue 
culture methods. HEK293 cells were harvested at 
80-90% confluency and replated into 6-well micro-
plates (P/N:3516, Corning Life Sciences, Tewksbury, 
MA) at a density of 800,000 cells/well in 2 mL medi-
um and allowed to attach and recover for 4-6 hours. 
HEK293 cells were transiently transfected with ei-
ther the NanoBRET™ Protein:Protein Interaction 
(PPI) System consisting of the NanoLuc®-MDM2 and 
p-53-HaloTag® Fusion Vectors or NanoBRET™ Posi-
tive Control consisting of a donor-acceptor fusion 
protein vector (P/N:N1641 and N1581, Promega 
Corp., Madison, WI). Transfections were performed 
according to the manufacturers recommendations: 
PPI Control Pair: 2 μg of p-53-HaloTag® Fusion Vec- 
tor DNA + 0.2 μg NanoLuc®-MDM2 Fusion Vector 

+ 100 μL Opti-MEM® 1 Reduced Serum Medium, 
no phenol red (P/N: 11058-021,Thermo Fisher Sci-
entific, Waltham, MA)/4% FBS + 8 μL FuGENE® HD 
Transfection Reagent (P/N: E2311, Promega Corp.). 
Positive Control: 2 μg of Transfection Carrier DNA + 
0.002 μg NanoBRET™ Positive Control Vector dilut-
ed in water + 100 μL Opti-MEM® 1 Reduced Serum 
Medium, no phenol red/4% FBS + 8 μL FuGENE® 
HD Transfection Reagent. Proteins were allowed to 
express for ~ 20 hours at 37 ºC, 5% CO2.

Cells were harvested and replated into either 96- 
or 384-well microplates (P/N:3917 and 3570, Corn-
ing Life Sciences) either with or without HaloTag® 

Figure 3. NanoBRET™ Assay Workflow.
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NanoBRET™ 618 Ligand. Cells were dispensed 
in either 100 or 40 μL volumes in 96- or 384-well 
plates, respectively at a density of 200,000 cells/
mL for untreated and 90 or 36 μL at 220,000 cells/
mL for treated wells. Treated wells received 10 or 4 
μL compound/inhibitor for 96- or 384-well plates, 
respectively. Plates were incubated at 37 ºC, 5% 
CO2, for a minimum of 4-6 hours to overnight (18-
24 hours). NanoBRET™ Nano-Glo® Substrate in Op-
ti-MEM® I medium was added in a volume of 25 or 
10 μL for 96- or 384-well plates, respectively. Donor 
emission (460 nm) and acceptor emission (618 nm) 
was measured within 10 min. of substrate addition 
on a Synergy™ Neo2.

Instrumentation

The Synergy™ Neo2 was fitted with emission filters 
450/50 and 610/LP in a dual-emission configura-
tion allowing simultaneous detection of both do-
nor and acceptor signal. Luminescence read mode, 
using top optics, was selected. Photomultiplier 
tube gain settings, signal integration time and read 
height were optimized as discussed below and 
tabulated (Table 1).

NanoBRET™ Calculations

Results

Reader Optimization

Duplicate or quadruplicate wells were plated in ei-
ther 96- and 384-well format, respectively, with or 
without (+/-) ligand and were treated with either 
the specific inhibitor Nutlin-3 at 10 µM or vehicle 
alone (DMSO). PMT gain settings were varied for 
each channel as well as investigation of several in-
tegration times to determine optimum assay win-
dow and read time (representative data shown in 
Figure 4). The assay window was calculated as the 
difference between treated and untreated cells. It 
is apparent from Figure 4 that an integration time 
of 0.5 seconds, with gain settings of 135 for both 

Figure 3. NanoBRET™ Assay Workflow.

Table 1. Synergy™ Neo2 Read Parameters.

Synergy Neo2 Read Parameters

Mode Lum

Light Path Dual PMT

Optic Position Top

Gain (PMT1, PMT2) 135, 135

Integration Time 0.5 sec

Read Height 6 or 8 mm (96- or 384-well)

Delay 0 msec

Figure 4. Synergy Neo2 Multi-Mode Reader settings optimi-
zation. The delta between mBU response from treated and 
untreated cells at various integration times and gain settings 
were compared to determine optimal reader settings.
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PMTs, provides an excellent compromise between 
read speed and response. Testing various read 
heights found optimums at 6 and 8 mm for 96- or 
384-well plates, respectively (data not shown).

Z'-Factor Determination

Following transfection, the cells were replated in 
the following manner: 96-well assay format: 10 
replicates +/- ligand were either treated with 10 
µM Nutlin-3 or treated with vehicle alone (DMSO); 
384-well assay format: 48 replicates +/- ligand were 
either treated with 10 µM Nutlin-3 or treated with 
vehicle alone (DMSO). Following the appropriate 
incubation period the plate was read on the Syn-
ergy Neo2 within 10 mins. of substrate addition. 
The z' factor was calculated for each assay format 
as previously described. Both assay formats result-
ed in z' factors between 0.5 - 1 indicative of robust 
assay performance with low variability.

Transfected cells were replated as either duplicates 
or quadruplicates for treatment with each inhibi-
tor concentration in a 96- or 384-well microplate, 
respectively. A 9-point, 1:3 serial dilution series 
of the specific inhibitor Nutlin-3, including a zero 
compound point, was added. Following the ap-
propriate incubation period the plate was read on 
the Synergy™ Neo2 within 10 minutes of substrate 
addition. The IC50 concentration was determined 
using a four-parameter dose-response curve fit in 
Prism (GraphPad Software, Inc., La Jolla, CA)(Figure 
6). IC50 values of 8.4 and 8.2 µM for 96-well and 
384-well assay formats, respectively, correlate well 
with previously published data (Table 3).

Conclusion

The live-cell Bioluminescence Resonance Energy 
Transfer (BRET) assay allowed for the investigation 
of dynamic protein:protein interactions within a bi-
ologically relevant environment. The blue-shifted 
donor signal and red-shifted acceptor employed 
provided excellent signal-to-background within a 
complex in vivo environment. The Synergy™ Neo2 
provides rapid detection of multiple signals by si-
multaneously detecting BRET donor and accep-
tor emission signals via a dual PMT configuration 
which is necessary for high-throughput assay for-
mats. Read times were 1min:6sec and 4min:4sec 
for 96 and 384 wells, respectively.

Table 2. Z' factor. The z' factor was calculated for each assay format.

Z Factor

96-well assay 0.83

384-well assay 0.78

Figure 5. Inhibitor Titration.

Table 3. IC50 Values. The IC50 values for the inhibitor Nutlin-3 were 
determined for each assay format.

Nutlin-3 IC50 (µM)

96-well assay 8.4

384-well assay 8.2
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Automation of a Homogeneous 
Proximity Assay for Detection of 
ERK1/2 or SMAD3 Phosphorylation
Unique combination of assay and instrumentation provides an ideal 
solution for high-throughput detection of phosphorylation events.

Peter J. Brescia and Peter Banks

Introduction

The transforming growth factor-β (TGF-β) super-
family consists of a range of proteins involved in 
a wide variety of biological processes such as cell 
growth, differentiation, development and apopto-
sis. Members of this superfamily are encoded by 
28 genes in the human genome and include TFG-β 
isoforms as well as activins and bone morphoge-
netic proteins (BMPs).1 Cell signaling is initiated by 
cell surface receptor ligand binding events result-
ing in the activation and subsequent formation 
of heterotrimeric complexes of type I and type II 
serine/threonine receptor kinases. The type II re-
ceptors have been shown to bind ligand and ac-
tivate type I receptors via phosphorylation. TGF-β 
signaling occurs within the cell through the Smad 
family of transcriptional activators.1 Smad family 
members fall into three subfamilies: receptor-acti-
vated Smads (R-smads), common mediator Smads 
(Co-Smads) and inhibitory Smads (I-Smads). The 
concomitant phosphorylation of the R-Smads by 
activated Type 1 receptors initiates association of 

phosphorylated R-Smad proteins with Co-Smad. 
Once associated, the R-Smad/Co-Smad complexes 
translocate to the nucleus where interaction occurs 
with a range of nuclear protein partners. I-Smads 
are induced by TGF-β family members exerting 
a negative feedback loop via competitive inhibi-
tion at the receptor level and marking the recep-
tors for degradation.1 R-Smad 2 and 3, present in 
the TGF-β/activin Smad pathway, are well studied 
phosphoproteins for their potential as drug targets 
for disorders such as cardiovascular, musculoskele-
tal, fibrosis and cancer.

Protein kinases are components of large signaling 
networks responsible for propagating extracellular 
stimuli via cell surface receptors to assist in regu-
lating a wide range of cellular activities. Stimuli in-
cluding growth factors, cytokines, hormones and 
heat stress can activate signaling via formation of 
heteromeric receptor complexes such as receptor 
tyrosine kinase receptors (RTKs) and G protein-cou-
pled receptors (GPCRs) or epidermal growth factor 
receptors (EGFRs). Aberrant regulation of a number 
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of mitogen-activated protein kinase (MAPK) asso-
ciated pathways have been associated with diseas-
es such as cancer, Alzheimer’s and obesity, among 
others. Extracellular signal-regulated kinases 1 and 
2 (ERK1/2) are members of the MAPK superfamily. 
ERK 1/2 have been shown to be regulated by both 
RTK and GPCR activation as well as playing a regu-
latory role in Smad signaling pathways.

Here we investigate the performance of two ho-
mogeneous high-throughput  screening assays 
capable of screening both modulators of receptor 
activation (e.g. agonists and antagonists) as well 
as intracellularly acting agents, such as inhibitors 
of upstream events (Figure 1). The assays were 
coupled to automated processes for increased 

throughput. Smad3 or ERK1/2 phosphorylation 
was measured following endogenous receptor 
activation in HeLa or HEK293 cell lines, respective-
ly. The pharmacology of  known  inhibitors  was  
also  investigated.

Instrumentation

MultiFlo™ FX Multi-Mode Dispenser

MultiFlo™ FX is an automated multi-mode reagent 
dispenser for 6- to 1536-well microplates offering 
BioTek’s unique Parallel Dispense™ technology. Up 
to four independent reagents can be dispensed 
in parallel without potential carryover. The instru-
ment was used to dispense assay specific reagents 
to the 384-well assay plates.

Cytation™ 5 Cell Imaging Multi-Mode Reader

Cytation 5 combines automated digital microscopy 
and conventional microplate detection in a config-
urable, upgradable platform. Cytation 5 includes 
both filter-based and monochromator-based 
optics for multi-mode versatility and offers la-
ser-based excitation for Alpha assays.

Materials and Methods

Reagents

AlphaLISA® SureFire™ Ultra phospho-ERK1/2 
(No. ALSU-PERK-A500) and phospho-Smad3 Kits 
(No. ALSU-PSM3-A500) were from PerkinElmer 
(Waltham, MA, USA)..

Assay Plates

AlphaLISA: CulturPlate™-384 white, opaque 384- 
well (No.6007680) and AlphaPlate™-384, grey, 
opaque,  384-well  (No.  6005350) microplates were 
from PerkinElmer (Waltham, MA, USA).

Figure 1. Assay schematic for AlphaLISA® homogeneous 
proximity assay principle for the detection of phosphory-
lated proteins. The AlphaLISA® SureFire® Ultra™ assay kits 
utilize Alpha beads that are each coated to specifically 
capture the assay antibodies. The Donor bead is coated 
with streptavidin to capture the biotinylated antibody. 
The Acceptor bead is coated with a proprietary “Capt-
Sure™” agent that immobilizes the other assay antibody. 
Upon excitation, the AlphaLISA® donor bead generates 
singlet oxygen molecules. If the acceptor bead is in close 
proximity due to the creation of a sandwich immunoas-
say, the singlet oxygen molecules will trigger a cascade 
of energy transfer in the acceptor bead, resulting in light 
emission at 615 nm.
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Instrument Settings

The Cytation 5 Cell Imaging Multi-Mode Reader 
was used with the settings shown in Table 1.

AlphaLISA® Control Lysate Assay

p-ERK1/2 and p-Smad3 control lysates were pre-
pared as 11-pt., 1:3 serial dilutions, including a zero 
percent control lysate, in lysis buffer that was pre-
pared as per the manufacturers recommendation. 
Quadruplicate samples were then transferred, 10 
μL each, to a 384-well AlphaPlate. Acceptor Mix 
was prepared as per the manufacturer’s recom-
mendation: Activation Buffer was diluted 25-fold in 
Reaction buffer and Acceptor beads 50- fold into 
the same Reaction buffer and 5 μL added to each 
well. For the p-ERK1/2 assay the plate was placed 
on an orbital shaker for the time needed to prepare 
the Donor Mix. For the p-Smad3 assay the plate 
was placed on an orbital shaker and allowed to in-
cubate for 60 minutes at room temperature (RT). 
Donor Mix was prepared as per the manufacturer’s 
recommendation: Donor beads were diluted 50-
fold in Dilution buffer and 5 μL added to each well. 
For the p-ERK1/2 assay the plate was incubated for 
a minimum of 2 hours at RT, or up to overnight. 
For the p-Smad assay the plate was incubated for 
a minimum of an additional 60 minutes, or up to 
overnight, following addition of the Donor Mix. 

Following the final incubation period the plate was 
read on the microplate reader.

AlphaLISA Cell-based Assay

HEK293 or HeLa cells were cultured using standard 
tissue  culture  methods  in  Advanced  DMEM me-
dium supplemented with 10% FBS, 1x P/S/G @ 37 
°C, 5% CO2 in a humidified incubator. Cells were 
harvested at ~ 80-90% confluency and quadrupli-
cate wells were seeded with 80 μL of cells at the 
appropriate cell density in 384-well CulturPlates. 
The cells were allowed to adhere overnight prior to 
performing the assay. For the p-ERK1/2 assay the 
cells were serum starved with 80 μL FBS-free media 
for ~2 hours prior to performing the assay.

Agonist Titrations

Agonist titrations were performed as per the man-
ufacturers’ recommendations, with the following 
modifications, for both p-ERK1/2 and p-Smad3 as-
says. An 11-pt., 1:3 serial dilution series, including a 
zero data point, was prepared for the agonists EGF 
and TGF-β for stimulation of HEK293 and HeLa cells, 
respectively. A no-cell control was also added for 
each experiment as well as control lysate prepared 
at 25%. Briefly, for the p-ERK1/2 assay, following se-
rum starvation, 65 μL of media was removed, leav-
ing 15 μL of residual media, cells were treated with 
5 μL of the EGF dilution series prepared at 4x the fi-
nal concentration (f.c.) and allowed to incubate for 
10 minutes @ 37 °C, 5% CO2 in a humidified incuba-
tor. For the p-Smad3 assay 40 μL of media was re-
moved, leaving a 40 μL residual, cells were treated 
with 20 μL of the TGF-β dilution series prepared at 
3x the f.c., and allowed to incubate for 60 minutes 
@ 37 °C, 5% CO2 in a humidified incubator. Follow-
ing incubation, all media was removed and cells 
were lysed with 10 μL 1x lysis buffer with shaking 
for 10 min. The AlphaLISA assays were performed 

Table 1. Cytation 5 AlphaLISA® reading parameters used in Gen5™ 
Data Analysis Software.

Mode Alpha

Gain 120

Delay after plate movement 0 msec

Excitation time 80 msec

Delay after excitation 120 msec

Integration 160 µsec

Read height 8.00 mm
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as described above and the Alpha signal was read 
on a microplate reader.

Inhibitor Titrations

Inhibitor titrations were performed as per the man-
ufacturer’s recommendations, with the following 
modifications, for both p-ERK1/2 and p-Smad3 as-
says. An 11-pt., 1:3 serial dilution series, including 
a zero data point, of the inhibitors AG1478 (EGF-R 
inhibitor) and SB432542 (TGF-β -R inhibitor) was 
prepared for inhibition of HEK and HeLa stimulation, 
respectively. A no-cell control was also added for 
each experiment as well as control lysate prepared 
at 25%. Briefly, for the p-ERK1/2 assay, following se-
rum starvation, 70 μL of media was removed, leav-
ing 10 μL of residual media, cells were treated with 5 
μL of the AG1478 dilution series prepared at 3x the 
f.c. and allowed to incubate for 60 min. At 37 °C, 5% 
CO2 in a humidified incubator. For the p-Smad3 as-
say 60 μL of media was removed, leaving a 20 μL re-
sidual, cells were treated with 20 μL of the SB432542 
dilution series prepared at 2x the f.c., and allowed 
to incubate for 60 minutes @ 37 °C, 5% CO2 in a hu-
midified incubator. Following incubation with the 
appropriate inhibitor the EC80 of the appropriate 
agonist was added to all wells as described above 
for agonist titrations, 5 μL of 4x or 20 μL 3x for EGF 
or TGF-β, respectively, and incubated for the appro-
priate time. Following incubation, all media was re-
moved and cells were lysed with 10 μL 1x lysis buffer 
with shaking for 10 minutes. The AlphaLISA assays 
were performed as described above and the Alpha 
signal was read on a microplate reader.

Results and Discussion

AlphaLISA Control Lysate Assay

Positive control lysates for p-ERK1/2 and p-Smad3 
provided from the kit manufacturer were used for 

optimization of Cytation 5 reader parameters (Ta-
ble 1) and determination of the optimal control 
concentration for use when performing cell-based 
assays. As can be seen in figure 4, the data can be fit 
using a second order polynomial (quadratic) equa-
tion. High signal- to-background (S/B) were detect-
ed for both control lysates, S/B=1,432 and 2,522 for 
p-ERK1/2 and p-Smad3, respectively.

AlphaLISA Agonist Titration

Agonist dose response titrations of EGF and TGF-β 
were prepared for stimulation of HEK293 or HeLa 
cells, respectively. The cells were stimulated and the 
production of phosphorylated ERK1/2 and Smad3 
was detected and plotted versus Alpha signal. The 
data can be fit using a Hill Slope model (Figure 3).

Figure 2. Control Lysate Standard Curves. A) AlphaLISA p-ERK1/2 
Assay. B) AlphaLISA p-Smad3 Assay.
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The AlphaLISA assay showed excellent dynamic 
range, covering nearly 4 decades, and good cor-
relation between replicates for both assays (Figure 
3). The agonist dose response curves yielded EC80 
values of 182 pM and 3.7 ng/mL for p-ERK1/2 and 
p-Smad3, respectively. The EC80 determinants were 
subsequently used for inhibition studies. The EC50 
value of 40 pM EGF for EGFR stimulation of HEK293 
cells correlates well with previously generated data 
provided by the manufacturer (39 pM).

AlphaLISA Inhibitor Titration

Inhibitor dose response titrations of the potent 
selective kinase inhibitors AG1478 and SB432542 
were prepared to evaluate inhibition of p-ERK1/2 

and p-Smad3 phosphorylation, respectively. Fol-
lowing incubation  with  inhibitor,  cells  were  stim-
ulated with the EC80 of the appropriate agonist 
prior to detection of phosphorylated product. The 
data can be fit using a Hill Slope model as shown in 
Figure 4.

The potent EGFR tyrosine kinase inhibitor AG1478 
was determined to have an IC50 of 20 nM, consis-
tent with previously reported values.1 SB431542 
is a potent and selective inhibitor of TGF-β type 1 
receptor activin receptor-like kinase ALK5, and its 
relatives ALK4 and ALK7. The dose response curve 
and IC50 of 251 nM correlate well with previously 
reported data.2

Figure 3. Agonist Titration Curves. A) AlphaLISA p-ERK1/2 
Assay. B) AlphaLISA p-Smad3 Assay.

Figure 4. Agonist Titration Curves. A) AlphaLISA p-ERK1/2 Assay. 
B) AlphaLISA p-Smad3 Assay.
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Conclusion

The assays were performed in their entirety in a 
HTS compatible 384-well microplate format using 
automated liquid handling for cell seeding and re-
agent dispensing. The homogenous assay format 
allows for improved workflow as compared to the 
alternative 2-plate protocol requiring culturing and 
lysis in a 96-well format and transfer of lysate to the 
higher density 384-well assay plate. Demonstration 
of both agonist stimulation of kinase phosphor-
ylation and inhibition of receptor signaling were 
shown for two independent pathways leading to 
the generation of p-ERK1/2 and p-Smad.3 The com-
bination of assay and instrumentation provide an 
ideal solution for high-throughput detection of 
these phosphorylation events.

References

1.	 Moustakeas et al (2001). Smad regulation of TGF-β 

signal transduction. J. Cell Sci. 114 4359-4369.

2.	 Levitzki, A, and A. Gazit (1995). Tyrosine Kinase 

Inhibition: An Approach to Drug Development. 

Science. 267 1782.

3.	 Inman et al (2002). SB-431542 is a potent and specific 

inhibitor of transforming growth factor-β superfamily 

type I activin receptor-like kinase (ALK) receptors 

ALK4, ALK5, and ALK7. Mol. Pharmacol. 62 65.

About the authors

Peter J. Brescia and Peter Banks are with  
Agilent Technologies.

DE97322608


