
Introduction

GPCRs and ion channels are two of the 
most important drug discovery target 
classes, and are frequently assayed in 
recombinant systems measuring the  
modulation of specific cellular biomarkers  
associated with receptor activation (i.e., 
cAMP, Ca2+, β-arrestin, K+ and Na+, etc.). 
However, there is growing demand  
for more physiologically-relevant assay 
platforms, leading to increased adoption  
of both label-free technologies and stem 
cells. In addition, automated systems  

are needed to facilitate research by increasing cell-based assay efficiency, reproducibility,  
and performance. To address these needs, methods utilizing the PerkinElmer EnSpire® 
Multimode Plate Reader with Corning® Epic® label-free technology and the JANUS® 
Automated Workstation have been developed to non-invasively identify and characterize  
multiple ion channel and GPCR activation in Lonza® Clonetics™ Human Umbilical Vein 
Endothelial Cells (HUVEC) and Poietics™ human Mesenchymal Stem Cells (hMSC). Data 
showing the cellular response by several types of ligands will be shown. By monitoring the 
ligand-induced dynamic mass redistribution (DMR) in living cells with no need for cellular  
or ligand modification, the EnSpire label-free platform detects cellular responses from 
endogenously expressed receptors and ion channels. This obviates the need to engineer cells 
to over-express receptors of interest, thus greatly reducing the possibility of altering cellular 
biology. These data demonstrate the applicability of label-free technology for primary and 
stem cell research and the utility of liquid handling automation to ensure highly reproducible 
data from these primary cell assays. 
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incubated at room temperature for 30 minutes on bench 
top prior to overnight incubation in 5% CO2 at 37 °C. The 
following day cells were observed microscopically to ensure 
correct morphology and the absence of contamination. 

JANUS Automation and Liquid Handling Parameters for 
Label-free Assays

The label-free assays were automated using PerkinElmer’s 
JANUS Automated Workstation. Ligand dilutions were  
performed using the 8-tip VariSpan™ arm. The complete 
deck setup and detailed ligand dilution protocol are available 
upon request. In brief, each compound was initially diluted 
in water or DMSO pending compound solubility properties, 
and then subsequent serial dilutions were performed in 
appropriate assay buffer to a final DMSO level of 1%. Buffer 
exchanges, reagent additions, ligand additions, and mixing  
were all performed using the JANUS 384-well Modular 
Dispense Technology™ (MDT) head. Automation parameters 
(speed, height, mixing, etc.) were optimized to account for 
delicate washing, buffer exchange, and ligand addition to 
cells adhered to assay plates. Standard conditions involved 
a height of 2 mm above well bottom for all aspirate and 
dispense steps, with 1 mix upon ligand addition at 10 μL/
sec. JANUS liquid handling steps were designed to account 
for appropriate incubation periods, which vary based on the 
number of ligand addition steps. Manually performed assays 
provided comparable data for both precision and accuracy. 
JANUS Application Assistant was used to create robust and 
reliable easy-to-use assay protocols resulting in significant 
time savings off of the bench. JANUS Application Assistant 
screen shots and detailed protocols are available upon 
request.

EnSpire Label-free Assays

Cells were washed 4 times using 25 μL/well assay buffer 
(Hank's Balanced Salt Solution (HBSS) added with 20 mM 
HEPES and 1% DMSO). Washing was carried out using an 
aspiration wand or JANUS. The final volume after washing 
and buffer exchange was 30 μL/well. Dispensing was carried 
out on the side of the well to avoid disturbing the cell layer 
close to the sensor. The EnSpire label-free enabled micro-
plates were equilibrated for 2 hours at room temperature. 
An initial baseline measurement (5 minutes) was taken. The 
addition of 10 μL antagonist in assay buffer was followed by 
a 30 minute kinetic measurement. Another addition of 10 μL  
agonist in assay buffer was followed by a 90-180 minute 
final kinetic measurement. Compounds were dispensed 
using multichannel pipettors or JANUS. Kinetic results were 
analyzed using EnSpire Workstation Software v 4.0.1. The 
difference between the signal maximum and the last base-
line measurements was used to draw dose-response graphs. 
These datapoints were fitted using a sigmoidal variable-slope 
model, using GraphPad Prism® v5.01 software (GraphPad 
Software, La Jolla, CA), from which EC50/IC50 values were 
determined. 

Materials and Methods

Reagents

Ligands: Adenosine Triphosphate (ATP), Isoproterenol, 
L-alpha-lysophosphatidylinositol (LPI), Bradykinin, 
Histamine, Forskolin, Oleoyl-L-alpha-lysophosphatidic (LPA), 
5'-(N-Ethylcarboxamido)adenosine (NECA), Clobenpropit, 
Piperidine, Bithionol, Pinacidil, Isovagucine, and Gaboxadol 
were purchased from Sigma Chemical Company (St. Louis, 
MO). AM251, Prostaglandin E1 (PGE1), Sphingosine-1-
phosphate (S1P) Dopamine, Capsaicin, Caffeine, Niflumic 
Acid and Thapsigargin were purchased from Tocris 
Bioscience (Ellisville, MO). Rimonabant and Prostaglandin 
E2 (PGE2) were purchased from Cayman (Ann Arbor, MI). 
EnSpire label-free 384-well biosensor microplates (Fibronectin 
coated, Cat. # 6057428), and human purinergic, P2Y11  
γ–irradiated frozen cells (1321N1 cells, Cat # ES-293-AF)  
were all obtained from PerkinElmer (Waltham, MA). Clonetics™ 
Human Umbilical Vein Endothelial Cells (HUVEC) and human 
Mesenchymal Stem Cells (hMSC) were provided by Lonza 
(Cologne, Germany) and respective cell culture reagents for 
these cell types were also provided by Lonza (Walkersville, 
MD). Hank’s Balanced Salt Solution (HBSS), containing calcium 
and magnesium but no phenol red was from Invitrogen™ 
(Cat. # 14025). Any additional cell culture reagents were 
purchased from Invitrogen™ Corp. (Madison, WI). 

Cell Culture

All primary and stem cell culture protocols and reagents 
were provided by Lonza. Clonetics™ Human Umbilical Vein 
Endothelial Cells (HUVEC) cells were cultured in complete 
Clonetics™ Endothelial Cell Growth Medium-2 (EGM®-2) 
and Poietics™ and human Mesenchymal Stem Cells (hMSC) 
were cultured in complete Mesenchymal Stem Cell Growth 
Medium (MSCGM™). All cells were grown in the presence 
of 5% CO2 at 37 °C. Cells were cultured to 70-80% conflu-
ence, harvested during passages 4-8 using trypsin/EDTA, and 
split 1:3/1:5. Cells were counted via a hemocytometer or 
automated cell counter. Frozen 1321N1 cells were thawed 
into and seeded using Dulbecco’s Modified Eagle’s Medium 
(DMEM) supplemented with 10% fetal bovine serum, 4.5 g/L 
glucose, 2 mM glutamine, and penicillin-streptomycin.

Cells Preparation for Label-free Assays

Cultured cells were harvested at 70-80% confluency and 
seeded into 384-well EnSpire label-free fibronectin coated 
microplates in serum containing media at densities of 2,500-
15,000 cells/well (cell type dependent). For frozen cells, vials 
were warmed in 37 °C water bath and suspended immediately 
in 10 mL cell culture media. Cells were spun at 1500 RPM 
for 5 minutes. Cell pellet was resuspended in 10 mL media 
and cells were seeded into EnSpire label-free enabled micro-
plates as described above. Post-seeding, all cell lines were 
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Results

Figure 1 illustrates the EnSpire with label-free cell-based 
assay workflow. All liquid handling steps were performed 
both manually and on the JANUS Automated Workstation 
with comparable results. The advantage of automating the 
label-free steps is to provide a robust and reliable easy-
to-use protocol resulting in significant time savings and 
enhanced reproducibility (Figure 2). The cell-based assay 
protocol on the EnSpire label-free platform involves a short 
baseline scan followed by a single compound addition step 
(agonist mode), and a second compound addition step in 
antagonist studies. Following compound additions, the 
microplate is immediately scanned for 90-180 minutes at 
room temperature enabling the full kinetic profile of each 
compound to be obtained. 

Figure 1.  Label-free cell-based assay workflow.

Figure 2.  Automating stem cell assays.

A
Comparison of JANUS Automated vs.  
Manual Assays on hMSC (2500 c/w)

EnSpire Label-free Workflow

B
JANUS Automation vs. Manual Label-free  
Measurements of ATP Activation in hMSC



Figure 5 demonstrates the GPCR receptor panning capa- 
bilities of the EnSpire label-free in hMSC and HUVEC cell 
cultures. Absolute response (pm) is represented ± SD of 
mean (5A, 5B). These simple proof-of-principle assays  
demonstrate how the label-free platform robustly monitors 
the activation of receptors coupled to various pathways 
within multiple cell types. It is to be noted that AM251,  
LPI and rimonabant are three known agonists of the GPR55 
cannabinoid receptor, which is known to couple only to 
Gα12/13 proteins. The good response observed here for these 
three ligands shows that the label-free technology is suitable 
to assay the activation of pathways otherwise very difficult 
to monitor. In figures 5C and 5D, we show representative 
dose response curves for several agonists in both cell types. 
Interestingly, Histamine and ATP act in a similar manner 
against the endogenous Histamine and Purinergic receptors 
in both hMSC and HUVEC (positive DMR response), whereas 
Isoproterenol has a differential effect in hMSC (negative 
DMR response) relative to the HUVEC system. This points to 
potentially shared (ATP, Histamine) or divergent (isoproterenol) 
couplings and/or divergent cellular response to a common 
coupling for the receptors of these ligands. 

In order to demonstrate the specificity of the agonist 
response using the label-free platform we performed several 
antagonist studies in the hMSC Purinergic and Histamine 
pathways (5E, 5F). From these studies we see that Suramin 
and Clobenpropit, clearly inhibit ATP and Histamine agonist 
activity, respectively. This inhibitory effect confirms that the 
Purinergic and Histamine receptor activation can be robustly 
measured using the EnSpire label-free cellular assay.

In Figure 3, human astrocytoma cells (1321N1), human 
Mesenchymal Stem Cells (hMSC), and Human Umbilical Vein 
Endothelial Cells (HUVEC) were used to test the response of 
either recombinantly or endogenously expressed Purinergic 
receptors to ATP. A robust 50-fold window (pm) is observed 
with the endogenously expressed receptors, demonstrating 
the sensitivity of the EnSpire with label-free platform. 

Figure 4 represents cell density titrations of hMSC or HUVEC 
vs. ATP performed to identify the optimal assay signal and 
window for study. In both cell types, lower numbers of cells 
per well increases the assay window by approximately 3-fold 
relative to higher densities, thus providing an additional cost 
savings benefit when running this simple assay workflow.
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Figure 3.  Robust label-free detection of receptor activation across cell types.

Figure 4.  Optimal performance was seen at lower cell densities.

ATP Effects on Different Cell Types

ATP Dose Responses Against 
Titrating hMSC Densities

ATP Dose Responses Against 
Titrating HUVEC Densities
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Figure 5.  Receptor panning showed studies in hMSC and HUVEC.

A
Label-free Receptor Panning in hMSC Cultures

C
Label-free Ligand Dose Response Curves on hMSC (2500 c/w)

E
Label-free Histamine Receptor Antagonist Studies in hMSC (2500 c/w)

* Each bar represents 3-6 reps.

B
Label-free Receptor Panning in HUVEC Cultures

D
Label-free Ligand Dose Response Curves on HUVEC (12000 c/w)

F
Label-free ATP Receptor Antagonist Studies in hMSC (2500 c/w)



(potent inhibitor of sarco-endoplasmic reticulum Ca2+-
ATPases), provide large positive pm responses in hMSC. 
Whereas, Bithionol (an activator of calcium-activated potassium  
channels) and Pinacidil (an activator of ATP-sensitive 
potassium channels) provide large negative pm responses 
Importantly, these studies illustrate the ability to measure 
the pathway independent, global response from cellular 
network interactions which occur during signal transduction, 
allowing scientists to observe the entire biological picture.

Figure 6 demonstrates the ability to pan ion channel receptor 
activation in hMSC using the EnSpire label-free platform. 
Figure 6A shows the absolute response (pm) ± SD of mean 
with various ion channel activators and several negative 
control compounds. (Dopamine was used as GPCR activating 
compound for comparison of signal intensities). In Figure 6B, 
Capsaicin (a known activator of the TRPV1 vanilloid/capsaicin 
receptor, potentially activating another type of ion channel  
at the high concentration used here) and Thapsigargin 
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Figure 6.  Label-free detection of ion channel activation.

A
Label-free Ion Channel Studies in hMSC

B
Label-free Response with Ion Channel Ligands in hMSC (2000 c/w)

C
Label-free Response with Ion Channel Ligands in hMSC (2000 c/w)

* Each bar represents 3-6 reps.



2. Label-free can be used non-invasively to detect GPCR and 
Ion channel activation in stem and primary cell types. This 
strongly suggests label-free is a viable platform for studying 
embryonic stem cells and derived cell types (see previous 
Application Note: Pathway independent cell-based assays 
on the EnSpire Multimode Plate Reader with Epic® label-
free technology).

3. This work was greatly enabled by the high quality and 
fully optimized Lonza cells, cell culture reagents and  
protocols allowing for robust stem and primary cell  
studies using the label-free platform.

4. Label-free is both a sensitive and robust system that 
can easily detect both endogenously and recombinantly 
expressed receptors in receptor panning experiments.

5. Label-free signal direction (positive or negative DMR) and 
kinetics provides clues about native cell signal transduction 
pathways. The use of signal transduction inhibitors can be 
used to deconvolute the pathways used (not shown here).

6. Importantly, these studies illustrate the ability to measure 
the pathway independent, global response from cellular 
network interactions which occur during signal transduction, 
allowing scientists to observe the entire biological picture 
in order to increase the success rate in prioritizing lead 
compounds in drug discovery research environments.

A Technical Note detailing the performance of the EnSpire 
with label-free technology in comparison to Epic® is also 
available, as well as an Application Note summarizing the 
use of EnSpire with label-free technology with a variety of 
biochemical assays previously optimized on the Corning® 
Epic® instrument.

Summary

In this collaboration with Lonza, we show that the sensitivity  
of the EnSpire label-free platform enables the detection of 
cellular responses from endogenously expressed receptors  
obviating the need for engineered cells to over-express 
receptors of interest, thus eliminating the possibility of  
altering cellular biology and minimizing potential false  
negatives in screening environments. EnSpire offers the  
ability to comprehensively interrogate both pathway- 
dependent (labeled technologies) and pathway-independent 
(label-free assay) ligand pharmacology for receptor activation, 
facilitating more biologically-predictive information for putative  
drug candidates and basic target research. The benefits from 
multimodality with PerkinElmer multimode plate readers  
are further demonstrated in a previous poster and application  
note: High Sensitivity cAMP Assays in Primary Cells and 
Mesenchymal Stem Cells with the LANCE® Ultra cAMP assay 
kit, and Pathway independent cell-based assays on the 
EnSpire Multimode Plate Reader with Epic® label-free  
technology.

Conclusions

Experimental results presented here using the EnSpire 
Multimode Plate Reader with label-free technology  
demonstrate the following aspects of label-free detection: 

1. Label-free is a versatile tool for pathway-independent, 
global analysis of basic systems biological research and 
physiologically-relevant drug discovery. 
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