
Introduction

G-protein coupled receptors
(GPCRs) continue to represent the
most important class of pharma-
ceutical targets. Their activity is
commonly assessed by measuring
the intracellular second messen-
gers released upon their stimula-
tion by appropriate agonists.
Cyclic AMP (cAMP) is one of the
second messengers frequently
measured to find and characterize
both agonist and antagonist drug
leads. A myriad of assays to
measure cAMP are currently
available on the market which
allow the measurement of both
agonist and antagonist activity 
on Gαs- and Gαi-coupled receptors
in whole cells and Gαs-coupled
receptors in membrane-based
assays. Of note, most of the
cAMP assays are based on the
competition between a labeled-
derivative of cAMP, used as a
tracer, and endogenous cAMP,
produced by cells, for binding to
specific anti-cAMP antibodies. 

When choosing a cAMP assay, the
following considerations apply:

1. Nature of the assay platform:
radioactive vs. non-radioactive,
heterogeneous vs. homogeneous

2. Source of GPCRs: membranes
vs. whole cells, attached cells
vs. suspension cells

3. Nature and degree of GPCR
coupling to adenylate cyclase

4. Assay performance: sensitivity,
reproducibility, robustness,
precision and tolerance to
DMSO

5. Scalability and ability to
miniaturize and automate

6. Cost and productivity

The ideal platform would be
homogenous and non-radioactive
allowing for sensitive and
reproducible detection of cAMP
following the stimulation of 
Gαi-coupled receptors in high
density plates such as 1536-well
microplates. While providing
genuine pharmacodynamic data, 
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the ideal assay should yield a stable
signal to allow off-line readings for
increased productivity.

Three cAMP assays were assessed
and compared head-to-head for
their capacity to fulfill the attributes
listed above:

1. LANCE™ cAMP Detection Kit, 
a homogeneous time resolved
fluorescence energy transfer (TR-
FRET) assay from PerkinElmer
Life and Analytical Sciences

2. TR-FRET cAMP Kit from
Company C 

3. Enzyme Complementation cAMP
Assay Kit from Company D

Assay descriptions, protocols and
data presented here will show a
comparison of the three assays 
with regards to ease of use and
assay performance. 

Description of cAMP assays

LANCE cAMP
LANCE is based on TR-FRET, an
assay technology in which energy 
is transferred from a lanthanide
Donor (europium) to a fluorophore
Acceptor such as allophycocyanin
(APC) or a low molecular weight
dye such as Alexa-647. In general,
TR-FRET assays exhibit low back-
ground and high signal-to-noise
ratios, two attributes critical for
robust HTS assays. 

Using LANCE, PerkinElmer has
developed a competitive immuno-
assay to measure cell-derived
cAMP. As shown in Figure 1, the
principle of the assay involves the
loss of energy transfer when an
excess of either endogenous or
exogenously added cAMP competes
with the biotin-cAMP for binding 
to the anti-cAMP antibody. This
prevents the energy transfer between
the europium streptavidin/biotin-
cAMP complex and the Alexa
fluorophore-labeled anti-cAMP

antibody. In the LANCE format, the
use of a biotinylated cAMP tracer
allows the optimization of the
europium : Alexa-647 ratio to gain
maximum sensitivity while avoiding
long-term avidity, such as observed
with other TR-FRET cAMP assays.

Company C TR-FRET 
cAMP Assay
Company C’s cAMP Assay is
homogeneous and also based on 
TR-FRET and is intended for the
direct quantitative determination 
of cAMP. The assay conditions have
been optimized in order to obtain a
high signal-to-noise ratio and enable
cAMP assessment either with
suspension or adherent cells. As
with the LANCE cAMP Assay, the
specific signal (i.e. energy transfer)
is inversely proportional to the
concentration of cAMP in the

calibrator or sample (Figure 2). 
The TR-FRET cAMP kit allows the
measurement of agonist and antago-
nist effects on Gαs-coupled receptors
in different cell lines. According 
to Company C, some Gαi-coupled
receptors were also characterized
with this kit (Cenni B., et al., HTRF®

cyclic cAMP assay: new optimized
cell-based assay for better investiga-
tion of Gi coupled receptors. Smart
assays for screening. IIR Congress.
2003, Zurich, Switzerland).

Company D Enzyme
Complementation cAMP Assay
The Enzyme Complementation
cAMP Assay is a homogeneous
immunoassay in which cAMP from
cell lysates competes with the
enzyme donor ED-cAMP for binding
to the anti-cAMP antibody (Figure
3). Upon antibody binding, the ED

2

Figure 1. LANCE cAMP assay setup.

Figure 2. TR-FRET cAMP assay setup.
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portion is incapable of association
with enzyme acceptor (EA) with 
the lack of complementation
resulting in a low signal. The
amount of ED-cAMP available for
complementation to EA in the assay
is proportional to the concentration
of cAMP available to compete for
antibody binding. 

Materials

1. LANCE cAMP Assay 
(PerkinElmer #AD0262)

The kit includes the following
components: Biotinylated-cAMP,
Streptavidin Europium, Alexa
647-labeled cAMP-specific
Antibody, cAMP Standard,
Detection Buffer

2. TR-FRET cAMP Dynamic 
cAMP Assay (Company C)

The kit includes the following
components: Anti-cAMP
Cryptate, cAMP-XL665, cAMP
Calibrator, cAMP Control,
Conjugate and Lysis Buffer,
Diluent

3. Enzyme Complementation 
cAMP Assay (Company D)

The kit includes the following
components: cAMP Antibody,
Lysis Buffer, EFC Detection
Reagents (ED-cAMP, EA) and
cAMP Standard.

4. OptiPlate™ 384-well white
microplates (PerkinElmer Cat. 
No. 6007290) and 1536-well
white microplates (PerkinElmer
Cat. No. 6005228)

5. Cell Line: Serotonin 5-HT1A

Receptor Cell Line (Human, 

CHO Host Cell) (PerkinElmer 
Cat. No. MCL-508)

6. Chemicals: Forskolin (Sigma
#6886) and 8OH-DPAT as agonist
(Sigma #H140) 

Methods

All reagents were prepared accord-
ing to each manufacturer’s recom-
mendations. Reagents were added
according to the standard protocols
shown in Table 1. The EnVision™

Multilabel Plate Reader and
ViewLux™ uHTS Microplate Imager
settings are described in Table 2. 

3www.perkinelmer.com

Figure 3. Company D Enzyme Complementation cAMP Assay setup.

Methods 
Step # LANCE (PerkinElmer) TR-FRET (Company C) Enzyme Complementation (Company D)

1 Add 6 µL standard or compound. Add 5 µL standard or cells. Add 15 µL standard or 10 µL cells.

2 Add 6 µL Alexa antibody with Add 5 µL compound, diluent Add 5 µL compound to wells
or without cells to standards. or compound buffer. containing cells.
(Incubate 30 minutes at RT.) (Incubate 30 minutes at RT.) (Incubate 30 minutes at 37 °C.)

3 Add 12 µL detection mix. Add 5 µL conjugate and lysis Add 10 µL lysis buffer/antibody.
(Incubate 60 minutes at RT.) buffer. (Incubate 60 minutes at RT.)
(Read on appropriate reader.)

4 Add 5 µL anti-cAMP Crytate. Add 10 µL ED-cAMP.
(Incubate 60 minutes at RT.) (Incubate 60 minutes at RT.)
(Read on appropriate reader.)

5 Add 20 µL EA/CL substrate mix.
(Incubate 60 minutes at RT.)
(Read on appropriate reader.)

# Steps 3 4 5

Volume 24 µL 20 µL 55 µL

Time 90 minutes 90 minutes 210 minutes

Table 1. Process flow for cAMP assays.
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Parameter EnVision ViewLux*

Flash Energy Area N/A N/A

Flash Energy Level 100% 600,000

Excitation Filter UV2 320 DUG11 (UMB, AMC)

Integrator Cap N/A N/A

Integrator Level N/A N/A

Emission Filter 1) 203 - Eu 615 1) 618/8 (Eu)
2) 205 - APC 665 2) 671/8 (LANCE)

Delay Time 60 µs 50 µs

Readout Speed and Gain N/A Medium, High and 2x

Number of Flashes 100 N/A

Window 100 µs (200 µs)* 354 µs

Mirror Module 462 (D400/D360) or 412 (D400) N/A

Cycle 2,000 µs N/A

* Measurement time of 20 seconds recommended for the ViewLux.

Results & Discussion

1. cAMP standard curves in 
384-well microplates

cAMP standard curves were run
to determine the sensitivity of
each assay platform. Both LANCE
and TR-FRET showed a similar
sensitivity with IC50 values in 
the low nM range (Figures 4A 
and 4B) while the Enzyme
Complementation cAMP Assay
was less sensitive by one order of
magnitude with an EC50 of 21 nM
(Figure 4C). Furthermore, LANCE
had a larger assay window (1.5x)
compared to TR-FRET. 

FRET showed a similar sensitivity
with EC50 values of approximately
100 nM (Figures 5A and 5B). 
Both assay platforms delivered
quality data with either 1,000 or
3,000 cells/well. The Enzyme
Complementation cAMP Assay
was again less sensitive by one
order of magnitude, with an EC50

in the µM range (Figure 5C). 
Due to its lower sensitivity,
a very weak signal (5.5 ADU) 
was detected in the presence of
1,000 cells with the Enzyme
Complementation cAMP Assay
window (1.5x) compared to 
TR-FRET.

2. Forskolin dose-response curves
in 384-well microplates: stimula-
tion of CHO cells expressing the
5-HT1A receptor 

The performance of the cAMP
assays was tested with a human
CHO 5-HT1A serotonin receptor
cell line that over expresses 
Gαi-coupled receptors. To better
assess the sensitivity of each
assay platform in a cell-based
context, two densities of
cells/well (1,000 and 3,000) 
were stimulated with increasing
concentrations of forskolin up to
100 µM. Both LANCE and TR-

Figure 4. Sensitivity of cAMP assay platforms: cAMP standard curves.

A B C

Table 2. EnVision and ViewLux settings.

60451_cAMP.qxd  2/27/06  10:35 AM  Page 4



3. Stimulation of 5-HT1A receptors
expressed in CHO cells: inhibi-
tion of forskolin-induced activity
of adenylate cyclase by 8-OH
DPAT in 384-well microplates

Stimulation of Gαi-coupled
receptors is amongst the most
challenging assays with respect 
to HTS. The performance of all
three cAMP assay kits for Gαi-
coupled receptor analysis was
evaluated by running stimulation
assays with each kit using 1,000
and 3,000 cells/well. 

To reverse the forskolin-induced
activation of the adenylate
cyclase in CHO cells, 5-HT1A

receptors were stimulated with
increasing concentrations of the
agonist 8-OH DPAT. All cAMP
assays showed a similar sensitivity
with EC50 values for 8-OH DPAT
in the nM range (Figures 6A, 
6B and 6C). As observed and

discussed in the previous section,
the Enzyme Complementation
cAMP Assay yielded a very small
assay window using 1,000
cells/well. Interestingly, LANCE
still offered a larger assay win-
dow (1.5x) compared to TR-FRET.

4. Overall performance of cAMP
assays: determination of Z' values
as a function of incubation time

Performance of the three cAMP
assays was also assessed as a
function of time by performing Z'
analysis (Zhang et al., A Simple
Statistical Parameter for Use in
Evaluation and Validation of 
High Throughput Screening
Assays. J. Biomol. Screen. 1999;
4(2):67-73) over a 24-hour period.
All three assays tested performed
similarly after a one-hour incuba-
tion (Figures 7A, 7B and 7C). 
This result indicates that LANCE,
TR-FRET and Enzyme Comple-

mentation cAMP Assays could be
used to perform online readings. 

Of the three assays tested, LANCE
cAMP was the only one capable
of delivering an adequate per-
formance with an incubation
period of up to 24 hours (Figures
7A and 8). This outstanding
performance of LANCE is due 
to its unique setup involving
biotinylated cAMP as a tracer.
Effectively, this strategy offers the
unique advantage of fine tuning
the ratio of Eu-labeled antibody 
to Alexa-labeled streptavidin to
achieve high sensitivity while
limiting long-term avidity.
Contrasting with LANCE, Z'
values measured with both 
TR-FRET and the Enzyme
Complementation cAMP Assay
significantly decreased after a
prolonged incubation (Figures 7B,
7C and 8). This result indicates
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Figure 6. 8-OH DPAT dose-response curves in 384-well microplates.

A CB

Figure 5. Forskolin dose-response curves in 384-well microplates.
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Figure 8. Time course of cAMP assay platforms performance (Z').

Figure 7. Analysis of cAMP assay platforms performance in 384-well plates after 1-hour incubation/online reading and 24-hour incubation/off-line
reading modes.
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that LANCE cAMP is the assay
platform of choice for performing
both online and off-line readings,
allowing for higher throughput
and increased productivity. 

5. Performance of cAMP assay
platforms in uHTS 1536-well
format

To complete this study, LANCE
and TR-FRET cAMP assays were
performed in a 1536-well format
using a PerkinElmer Evolution™

P3 Liquid Handling System, 
and plates were read on a
PerkinElmer ViewLux uHTS
Microplate Imager. The assays
were reformatted by decreasing
assay volumes proportionately 
to 8 µL total. At the time of
producing the data for this
application note, the Enzyme
Complementation cAMP Assay
did not have a recommended
protocol for 1536-well format;
therefore, this assay was not
evaluated here. 

As observed in Figure 9, both
LANCE and TR-FRET cAMP
assays produced excellent assay
performance with Z' values above
0.7 after a one hour incubation
period. The results suggest that
both LANCE and TR-FRET cAMP
assays could be used to perform
uHTS campaigns using an online
reading mode.

Conclusions

This study aimed at comparing the
performance of three homogeneous
uHTS-compatible cAMP assays on
the market today: LANCE, TR-FRET
and Enzyme Complementation
cAMP Assay. All three assays were
studied for their sensitivity, repro-
ducibility and capacity to deliver
high quality data following the
stimulation of Gαi-coupled receptors
in high density plates such as 
384- and 1536-well microplates. 

This study showed that with a short
incubation period (e.g. one hour),
such as that used to perform HTS
online readings, LANCE, TR-FRET
and the Enzyme Complementation
cAMP Assay are all capable of
delivering good performance. Based
on the IC50 values derived from
cAMP standard curves, both LANCE
and TR-FRET cAMP assays were
shown to be more sensitive than the
Enzyme Complementation cAMP
Assay by approximately one order
of magnitude. A similar observation
was made when the different assays
were compared for their capacity to
detect cAMP production upon CHO
cell stimulation with forskolin.

When tested for their ability to
detect cellular cAMP production 
in CHO cells overexpressing the 5-
HT1A receptor, all assays produced
similar EC50 values for agonist 
(8-OH DPAT) potency. Contrasting
with the Enzyme Complementation
cAMP Assay, LANCE and TR-FRET
cAMP assays produced high quality
data with as little as 1,000 cells/well
in both 384- and 1536-well formats.

After a 24-hour incubation, such as
that required for performing HTS
off-line readings, LANCE cAMP was
the only platform capable of deliv-
ering a suitable assay performance,
that is, with no significant impact
on Z' values. This observation,
combined with the fact that LANCE
cAMP involves the least number of
steps, makes LANCE cAMP the best
solution for automating cAMP
assays to yield higher throughput
and greater productivity.
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Figure 9. Analysis of LANCE and TR-FRET cAMP assay platforms performance in 1536-well plate format with 1-hour incubation/online reading mode.
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