
Integrating cell-impedance technology to characterize GPCR 
signalling in recombinant and non-recombinant cells

Favoured read-outs employed to measure G� -protein signalling of G protein-coupled receptors 
(GPCR) include, amongst others, intracellular Ca2+ mobilisation, cAMP formation inhibition and 
reporter gene assays. More recently, several non-invasive and label-free assay systems for GPCRs
that can be used with both engineered and non-engineered cell lines became available. One of 
these assay technologies is based on using cellular dielectric spectroscopy (CDS) to measure 
minute changes in cellular morphology as a result of ligand-dependent GPCR activation. Here, we 
evaluated this technology platform to assay the functional activation of GPCRs and we compared it 
with other standard assays. Our data demonstrate that the CDS method provides EC50 values that 
are comparable to values using traditional assays. Furthermore, we show that the method can be 
applied using recombinant and non-recombinant cells.
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IntroductionIntroduction
Recently, it has been recognized that activation of GPCR pathways,, 
induces changes in the cytoskeleton (see figure below) and as a 
consequence, this affects cell morphology. This fact has been exploited 
to develop a generic, i.e. coupling-independent, platform measuring 
GPCR activation in cell monolayers using electrode arrays. This novel 
technology, which is universal, label-free and non-invasive, occurs in 
real-time and is easy to handle, is suited to perform quantitative receptor 
pharmacology. 

We evaluated this novel technology to measure GPCR signalling in
recombinant and non-recombinant cells, by comparing agonist 
responses with responses using standard GPCR assays. We 
demonstrate that impedance measurements give comparable results to 
standard assays with respect to EC50 values of natural ligands. 
Furthermore, this non-invasive system offeres a unique possibility to 
investigate primary cells and the effect of compounds in drug discovery

Materials & MethodsMaterials & Methods
Cell culture
Recombinant CHO-cells were cultured in F-12/10% FCS and 0.3, 0.6 or 1 
mg/ml G418 (Invitrogen). HUVEC were obtained from Cascade Biologics Ltd. 
and cultured in the supplied medium and supplements. 
CDS assays
All assays were performed using the 1x96well BIONAS 9600 adcon reader 
(Bionas, GER), placed in a 37oC/5% CO2 incubator. One day before the assay, 
cells were trypsinized, counted and plated onto medium-filled 96-well adcon 
plates. Seeded plates were placed in the device, CDS monitoring was 
commenced and after over-night attachment under constant sampling, cells 
were serum-starved for 4h in HBSS/HEPES/NaHCO3 and subjected to the 
different dilution series of agonists.  CDS changes in response to compound 
addition were monitored for several hours. Analysis of the traces was 
performed using Bionas software. EC50 values were calculated using Actelion 
software (IC50 witch).
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ResultsResults

• CDS assay technology is a valuable addition to existing assays for GPCR 
signaling

• EC50 values are usually comparable to other cellular assays 

• Offers unique possibility to investigate real-time kinetics 

• CDS technology provides new information on compounds and receptors

Changes in cell morphology are translated into changes in impedance (Z, 
resistance to alternating current) of the monolayers, which can be very 
accurately determined usign cellular dielectric spectroscopy. As cells adhere 
and spread out on the electrode, Z increases, whereas cell retraction, rounding 
or loss of adhesion is reflected by a decrease in Z.
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Recombinant Orexin-1 and Orexin-2 receptors

Impedance was measured for 60 minutes after stimulation with the natural 
ligand orexin –A  and then the cells were lysed by TX-100 addition to 
obtain the base line for normalization. The EC50adh value were calculated 
at the time points  indicated in the graphs.

Impedance EC50 
Orexin-1 Receptor : 10 nM
Orexin-2 Receptor:    3 nM 

FLIPR EC50 
Orexin-1 Receptor : 10 nM
Orexin-2 Receptor:  10 nM 

Recombinant Sphingosine-1-phosphate 1 
and Sphingosine-1-phosphate 3 receptors
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Impedance was measured for 60 minutes after stimulation with the natural 
ligand sphingosine-1-phosphate  and then the cells were lysed by TX-100 
addition to obtain the base line for normalization. The EC50adh value were 
calculated at the time points  indicated in the graphs.

Impedance EC50 
S1P1 Receptor : 10 nM
S1P3 Receptor:  70 nM 

FLIPR EC50 
S1P1 Receptor : 30 nM
S1P3 Receptor:    5 nM 
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Primary human umbilical vein endothelial cells 
(HUVEC) and human pulmonary artery smooth 
muscle cells (PASMC)

Impedance was measured for 60 minutes after stimulation with the natural 
ligand sphingosine-1-phosphate  and then the cells were lysed by TX-100 
addition to obtain the base line for normalization. The EC50adh value were 
calculated at the time points  indicated in the graphs.

Impedance EC50 
HUVEC : 15 nM
PASMC:  10 nM 

FLIPR EC50 
HUVEC : 15 nM
PASMC:  30 nM 
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