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Abstract

Importance of GPCRs Adenylate Cyclases as a Signaling Integrator for 
Receptor Biology

We Realize That Distinct Classes of GPCRs May Lead to 
Similar DMR Signals

Gq-Coupled Receptor DMR Signal Can Be Partially 
Attenuated By Forskolin Pretreatment

Gi-Coupled Receptor DMR Signal Can Be Modulated By
Forskolin Pretreatment

Signaling Networks: The Origin of Cellular Multitasking We Have Seen Variations in GPCRs DMR Signals Forskolin as a Chemical Biology Tool to Deconvolute 
GPCR Signaling

Gs-Coupled Receptor DMR Signal Can Be Fully 
Attenuated By Forskolin Pretreatment

Summary

Corning® Epic® System Concept Operating Principle: Cell-based Assays

Adenylate cyclases, whose activation produces cyclic AMP in living cells, act 
as a signaling integrator, due to the ability of different isoforms to receive sig-
nals from a wide variety of inputs. Thus, cAMP levels in the cell are important 
in regulating numerous physiological events, and could serve as an indicator 
of the balance of signals between many pathways mediated through recep-
tors, including G proteincoupled receptors (GPCRs). Here we applied a label-
free and non-invasive optical biosensor to study the signaling integration of 
endogenous GPCRs at the adenylate cyclase-cAMP-PKA module. This study 
showed that the pre-activation of adenylate cyclases by forskolin causes the 
heterologous desensitization of Gs-coupled receptors, but leads to the heter-
ologous sensitization of Gi-coupled receptors. For Gq-coupled receptors, the 
pre-activation of adenylate cyclases resulted in partial desensitization of the 
Gq-coupled receptors.
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The Corning Epic System is a high-throughput, label-free detection platform that 
consists of SBS-standard 384-well microplates with optical sensors inside each well, 
an HTS-compatible microplate reader and a set of label-independent assay 
protocols. The Epic System is applicable to both biochemical and cell-based assays, 
and enables high-throughput screening of “intractable” targets.

Corning® Epic® System

+

Microplate
• 384-well format
• Optical biosensor in each well
• Surface chemistry

Plate Reader
• Compatible w/ HTS automation
• 40,000 wells/8hrs
• Sensitivity of 5pg/mm2

(300Da drug to 75kDa target)

=

Binding Data
• Manipulated and 

analyzed by 
customer

R
es

po
ns

e 
(p

m
)  

KD = 53 nM

R2 = 0.9707
0 500 1000 1500 2000 2500 3000

0

2

4

6

8

[Acetazolamide] (nM)

R
es

po
ns

e 
(p

m
)  

KD = 53 nM

R2 = 0.9707
0 500 1000 1500 2000 2500 3000

0

2

4

6

8

[Acetazolamide] (nM)
2000 2500 3000

0

2

4

6

8

[Acetazolamide] (nM)

5Corning Incorporated

Importance of GPCRs
• GPCRs are “switch proteins”

– They sense molecules outside a cell and 
activate signal transduction pathways 

– Signal pathways trigger cell responses

• There are several GPCR pathways
– Gq, Gs, Gi are most common
– G12/13 is a recently discovered fourth class

• Signaling molecules that bind to GPCRs include 
hormones, neurotransmitters, growth factors, 
and cytokines

• 50% of all human medicines target GPCRs 
directly or indirectly

• GPCR screens account for ~30% of all drug 
screening markets

Gq-coupled receptor signaling
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Adenylate Cyclases as a Signaling Integrator for Receptor 
Biology
• Adenylate cyclases consist of 9 

transmembrane isoforms and 1 soluble 
isoform.

• Adenylate cyclases, whose activation 
produces cyclic AMP in living cells, act as a 
signaling integrator, due to the ability of 
different isoforms to receive signals from a 
wide variety of inputs. 

• cAMP levels in the cell are important in 
regulating numerous physiological events, 
and could serve as an indicator of the 
balance of signals between many pathways 
mediated through receptors, including G 
protein-coupled receptors. 

Jordan, J.D., Landau, E.M., & Iyengar, R. (2000) Cell 103, 193-200.
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We Realize That Distinct Classes of GPCRs May Lead to Similar 
DMR Signals

SFLLR-amide

PAR1

Ca2+, Ca2+

IP3

PLC

DAG

PKC

Gq

Nicotinic Acid

HM74A

cAMP

AC

Gi

Gq-coupled
Receptors

Gi-coupled
Receptors

Pathway deconvolution would be useful.
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Gq-Coupled Receptor DMR Signal Can Be Partially Attenuated 
By Forskolin Pretreatment

Impact of forskolin at different doses on 
the histamine response in A431

1000nM histamine

Dose-dependent inhibition by forskolin

• Gq signaling crosstalks with cAMP-PKA pathways, depending on receptor target and cellular 
background

• Attenuation pattern following this category includes SFLLR-amide (PAR1), bradykinin (B2), 
high-dose LPA (LPA1,2,3), and ATP (P2Y)
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Gi-Coupled Receptor DMR Signal Can Be Modulated By 
Forskolin Pretreatment

-100

0

100

200

300

400

0 600 1200 1800 2400
Time (seconds)

R
es

po
ns

e 
(p

m
)

2784nM
5568nM
1392nM
696nM
174nM
44nM
1.4nM

-10 -9 -8 -7 -6 -5 -4
0

100

200

300

400

P-DMR

[Forskolin], log M

R
es

po
ns

e 
 (p

m
)

-10 -9 -8 -7 -6 -5 -4
-200

-100

0

100

200

300

400

500 N-DMR

50min

[Forskolin], log M

R
es

po
ns

e 
 (p

m
)

• Heterologous sensitization is a characteristic of signal transduction mediated through a Gi-
coupled receptor

• Potentiation pattern following this category includes nicotinic acid (HM74A), DPA and low-
dose LPA (LPA1,2,3)

Impact of forskolin at different doses on the nicotinic 
acid response in A431

4Corning Incorporated

Operating Principle: Cell-based Assays

Measures changes in local index of refraction resulting from the ligand-induced 
dynamic mass redistribution (DMR) within the bottom region (~150nm) of the cell 
monolayer.

Change in index is manifested by a shift in resonant wavelength

Broadband
Source

Reflected
wavelength

Broadband
Source

Reflected
wavelength

substrate
waveguide
surface

Baseline Measurement Compound Measurement

Mass 
redistribution

CellCell

Stimulation
Detectable 

DMR
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Signaling Networks: The Origin of Cellular Multitasking
• Many extracellular agents, such as 

hormones, neurotransmitters, and 
cytokines, signal to the four main G 
proteins to regulate cellular machinery 
such as metabolic enzymes, ion 
channels and transcriptional regulators.

• Modulation of the activities of the 
cellular machines in turn gives rise to 
altered cellular functions, such as 
changes in glucose metabolism in liver 
and muscle or altered activities of 
pacemaker cells in the heart. These 
cellular activities contribute to the 
regulation of large-scale systems such 
as learning and memory. 

S. R. Neves, P.T. Ram, R. Iyengar (2002) Science 296, 1636-1639.

G protein pathways can propagate 
regulatory information through layers of 

increasing organizational complexity
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We Have Seen Variations in GPCRs DMR Signals
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• Gq-coupled responses typically have a 
initial rapid P-DMR response

• An N-DMR period often follows, 
especially for endogenous receptors

• Engineered cells can produce very 
large (>600pm) peak response

• Gs-coupled responses often have 
an initial N-DMR response

• A gradual P-DMR period typically 
follows

• Response profile is dependent on 
specific cell biology

• Gi-coupled responses may have 
two phases that resemble portions 
of the Gq and Gs responses

• Gi-coupled response may also 
resemble the Gq response profile, 
especially in overexpressed cells

A431 cell 
response 

A431 cell 
response 

A431 cell 
response 

Gq-coupled Receptors Gs-coupled Receptors Gi-coupled Receptors
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Forskolin as a Chemical Biology Tool to Deconvolute GPCR 
Signaling
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Gs-Coupled Receptor DMR Signal Can Be Fully Attenuated By 
Forskolin Pretreatment
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Impact of forskolin at different doses on 
the epinephrine response in A431
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Dose-dependent inhibition by forskolin

• Heterologous desensitization is a characteristic of cAMP-PKA signaling mediated through a 
Gs-coupled receptor

• Attenuation pattern following this category includes epinephrine (b2AR), 5’-(N-
ethylcarboxamido)adenosine (A2B), and vasoactive intestinal peptide (VIP2)

14Corning Incorporated

Summary

• Adenylate cyclases act as an integrator in GPCR signaling
• Forskolin is an effective tool to deconvolute GPCR signaling pathways
• Forskolin dose-dependently 

– inhibits Gs signaling
– partially attenuates Gq signaling
– potentiates Gi signaling

• This simple chemical biology approach provides an additional tool for G-
protein coupled receptor biology analysis, along with the dynamics and 
related parameters defining a DMR signal


