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The present invention relates in general to cellular analysis 
tools and more particularly to methods for detecting or 
determining cyclic nucleotide concentrations in samples. 
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FIGURE 5 
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FIGURE 6 
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Response to Quinpirole (D2 Receptor Agonist) in the Presnce of 10uM Forskolin 
using Stably Transfected D2 Receptolr (Clone # 9) 

1500000 ' 

1000000 - 

SIB=>8 

Log[M] 

Clone#9 
EC5 5.2600e-01 
EC50 (lit): 1 nM 

Titration of Raclopride a D2 antagonist in D2-D293 cells-5K 
30000 

H Raciopride 

-15.0 -12.5 40.0 -7.5 -5.0 -2.5 

Log[Anlagonist] in M 

Raclopride 
EC50 917449-010 



US 2007/0172896 A1 

METHODS FOR CYCLIC NUCLEOTIDE 
DETERMINATION 

[0001] This application claims priority to US. Provisional 
Application No. 60/742,922 ?led Dec. 6, 2005, Which is 
incorporated herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates in general to cellular 
analysis tools and more particularly to methods for detecting 
or determining cyclic nucleotide concentrations in samples. 

BACKGROUND OF THE INVENTION 

[0003] The second messengers, adenosine 3', 5'cyclic 
monophosphate (cAMP) and guanosine 3', 5'cyclic mono 
phosphate (cGMP), are important intracellular mediators of 
a variety of cellular functions including cell groWth, differ 
entiation, apoptosis, and cell death. Production of cAMP is 
controlled through the adenylyl cyclase family of enZymes, 
Which convert adenosine triphosphate (ATP) to cAMP and 
inorganic pyrophosphate (PPi). The adenylyl cyclases are 
activated or inhibited via direct interaction With membrane 
bound G-protein coupled receptor (GPCR) ot-subunits. 
When an ot-subunit of a stimulatory GPCR is activated, 
designated Gas, adenylyl cyclase converts ATP to cAMP and 
PPi. Conversely, When an ot-subunit of an inhibitory GPCR 
is activated, designated Gm, an inhibitory effect on adenylyl 
cylase is exerted and the conversion of ATP to cAMP and 
PPi is not realized. G-protein coupled receptors play a 
prominent role in a Wide variety of biological processes such 
as neurotransmission, cardiac output, and pain modulation. 
Their importance in developing neW medically useful com 
pounds is Well understood; as such they are highly targeted 
in drug discovery research. 

[0004] The intracellular concentration of cAMP is also 
affected by another group of enZymes, cyclic nucleotide 
phosphodiesterases (PDE), Which catalyZe the hydrolysis of 
cAMP to AMP and cyclic cGMP to GMP. Phosphodi 
esterases function in conjunction With adenylyl cyclases and 
guanylate cyclases to regulate the amplitude and duration of 
cell signaling mechanisms that are mediated by cAMP and 
cGMP. Phosphodiesterases therefore regulate a Wide range 
of important biological responses to ?rst messengers such as 
hormones, light, and neurotransmitters. There are tWo 
classes of PDEs; Class I are found in the cytoplasm or bound 
to intracellular organelles or membranes of all eukaryotic 
cells, Whereas Class II PDEs are not Well characterized and 
have only been found in loWer eukayotes. Cellular responses 
controlled by Class I phosphodiesterases, through control of 
cAMP and cGMP conversion, include neuronal responses, 
aldosterone production, regulation of platelet aggregation, 
insulin regulation, emesis, regulation of smooth muscle 
tension, visual phototransduction, and modulation of T-cell 
responsiveness. Numerous clinically important compounds 
are knoWn to inhibit phosphodiesterases including; rolipram, 
theophylline, and sildena?l. Therefore, inhibitors of phos 
phosdiesterases are also important targets in drug discovery. 

[0005] The second messenger cAMP is knoWn to activate 
cAMP dependent protein kinase (PKA). Mammalian holo 
PKA is a tetramer, made up of tWo regulatory and tWo 
catalytic subunits. cAMP binds to the regulatory subunits, 
thereby dissociating holo-PKA into its catalytic and regula 
tory subunits. Once released, the free catalytic subunits are 
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capable of phosphorylating a multitude of cellular proteins, 
thereby causing changes in cellular functions such as muscle 
contraction, activation of cell cycle, activation of transcrip 
tional activity, and DNA processing. 

[0006] Because the activation or inhibition of GPCR and 
subsequent activation or inhibition of adenylyl cyclase 
results in an increase or decrease in intracellular cAMP, 
agents that affect their activity are important targets for drug 
discovery. Drugs that target GPCR account for many of the 
medicines sold WorldWide due to the tremendous variety of 
biological processes relating to G-protein coupled receptors. 
Examples of drugs that in?uence GPCR include Claritin® 
and Alavert® (loratadine) Which are used for relieving 
allergy symptoms, Paxil® (paroxetine HCl) for relief of 
depression, and Vasotec® (enalapril maleate) for relief of 
hypertension. Because of their importance, various GPCR 
assays have been developed to determine the effect of 
agonists and antagonists on these system components, 
mainly by assaying for the increase or decrease in cAMP 
levels. Limitations of these methods include non-homoge 
neous assays that require multiple dispensing steps, long 
incubation times, and the need for expensive equipment. 

[0007] Therefore, What are needed are assays that require 
less manipulation than currently available technologies (e.g. 
tWo steps or less), assays that provide shorter incubation 
times (e.g., less than 1 hour), and assays that utiliZe loW cost 
equipment While maintaining high throughput system (HTS) 
capabilities (e.g., luminescent based equipment). Such 
streamlining and cost effectiveness Will alloW for faster and 
easier evaluation of targets for drug discovery. Furthermore, 
luminescent based assays are not prone to interference from 
?uorescence; that is useful in screening large libraries of 
chemicals to discover the next potential drug. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates in general to cellular 
analysis tools and more particularly to methods for detecting 
or determining cyclic nucleotide concentrations in samples. 

[0009] Cyclic nucleotides, such as cAMP and cGMP, 
increase or decrease in response to a variety of substances 
that interact With cellular proteins. The methods described 
herein provide for the detection of such changes. In one 
embodiment, the methods described herein permit cyclic 
nucleotides to be detected and correlated With the effect of 
a stimulus on cellular proteins. 

[0010] In one embodiment, methods as described herein 
monitor the binding of cyclic nucleotides to an enZyme that 
is dependent upon cyclic nucleotide binding in order to 
activate the enZyme (e. g. cAMP dependent protein kinase, or 
PKA). For example, once cAMP binds to PKA, PKA trans 
fers a phosphate from adenoside triphosphate (ATP) to a 
suitable PKA substrate (e.g. Kemptide). The phosphoryla 
tion event is detected by various knoWn methods, and the 
output of each detection method is correlated to the amount 
of cyclic nucleotide present in a sample. Suitable detection 
methods include, but are not limited to, methods based on 
luminescence, radioactivity, and ?uorescence. 

[0011] In one embodiment, a method to determine adeny 
lyl cyclase activity in a sample is provided. Said method 
utiliZes the activation of PKA to provide an activity that can 
be detected, measured and subsequently correlated to ade 
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nylyl cyclase activity. For example, if adenylyl cyclase is 
stimulated, cAMP is produced Which activates PKA, Whose 
activity is detected and correlated to adenylyl cyclase activ 
ity. 

[0012] In another embodiment, a method to determine 
phosphodiesterase activity in a sample is provided. Said 
method utilizes the activation of PKA to provide an activity 
that is detected, measured, and subsequently correlated to 
phosphodiesterase activity. For example, if a phosphodi 
esterase is inhibited, cAMP is not converted to AMP or 
cGMP is not converted to cGMP, therefore cAMP and cGMP 
can activate PKA, Whose activity is detected and correlated 
to phosphodiesterase activity. 

[0013] In further embodiments, methods for monitoring 
the activation of a G-protein coupled receptor (GPCR) by an 
agonist, or its inhibition by an antagonist, are provided. For 
example, the level of cAMP found upon addition of agonist 
or antagonist to a sample comprising a GPCR is detected and 
measured through the activation of PKA. Such activity (or 
lack thereof) is detected by a measurable output that is 
correlated to cAMP levels or amounts. 

[0014] In one embodiment, samples used in practicing the 
methods as described herein comprise a lysate. In some 
embodiments, the sample lysate is derived from prokaryotes 
or eukaryotes such as bacteria, yeast or mammalian cells. In 
some embodiments, said sample comprises plasma mem 
branes, cellular membranes, and/or organellar membranes. 
Membrane preparations as described herein have furnished 
unexpected results, such that the membrane preparations 
maintain the integrity and functionality of processes, pro 
teins and receptors (Examples 9-11) associated With the 
membranes. This alloWs for targeted membrane functional 
assays to be performed using the methods as described 
herein, Without accompanying cell lysate components found 
in a normal cell lysate. 

[0015] Measurable output may be in the form of biolumi 
nescence, chemiluminescence, radioactivity, or differential 
output based on different ?uorescence technologies (e.g. 
?uorescence polarization, ?uorescence resonance energy 
transfer, and immunoassay). In one embodiment, the mea 
surable output is in the form of bioluminescence. For 
example, the coleopteran (?re?y) luciferase enZyme utiliZes 
ATP and other factors to convert beetle luciferin to oxylu 
ciferin, a byproduct of the reaction being light. Once PKA is 
activated, the amount of PKA activation is dependent on the 
amount of cAMP present, PKA utiliZes a phosphate from 
ATP to phosphorylate a receptive substrate, thereby causing 
the concentration of ATP to decrease in a sample, thereby 
causing a decrease in luminescence, or light output. As such, 
as cAMP concentration in a sample increases a reciprocal 
decrease in luminescence is seen Which is correlated to the 
amount of cAMP, adenylyl cyclase, and/or GPCR activity 
present in the initial sample. 

[0016] In one embodiment, the present invention provides 
a method for determining the amount of cyclic nucleotides 
in a sample comprising a sample With may contain a cyclic 
nucleotide, adding to said sample an inactive enZyme 
capable of being activated by said cyclic nucleotide, adding 
a detection system capable of detecting the activity of said 
activated enZyme and generating a detectable signal, and 
determining the amount of cyclic nucleotide present in said 
sample based on said signal. In some embodiments, said 
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sample comprises a lysate. In some embodiments, the 
sample lysate is derived from bacteria, yeast or mammalian 
cells. In some embodiments, said sample comprises plasma 
membranes, cellular membranes, and/or organellar mem 
branes. In some embodiments, said cyclic nucleotide is 
cAMP or cGMP. In some embodiments, said inactive 
enZyme is a cAMP dependent protein kinase or a cGMP 
dependent protein kinase. In some embodiments, said detec 
tion system comprises a substrate capable of being phos 
phorylated by PKA or PKG. In some embodiments, said 
substrate comprises SEQ ID NO: 1. In some embodiments, 
said detection system further comprises an enZyme capable 
of utiliZing ATP to generate a luminescent signal Wherein 
said enZyme is luciferase. In some embodiments, said sub 
strate comprises a radioactively labeled biotinylated sub 
strate further comprising SEQ ID NO: 1. In some embodi 
ments, said detection system further comprises a 
streptavidin coated binding surface. In some embodiments, 
said substrate comprises a ?uorescently labeled substrate 
further comprising SEQ ID NO: 1, Wherein said ?uorescent 
label is preferentially rhodamine. In some embodiments, the 
method of the present invention further comprises the addi 
tion of one or more inhibitors of phosphodiesterases, and/or 
the addition of an agonist or antagonist capable of affecting 
cyclic nucleotide amounts in said sample. In some embodi 
ments, said agonist or antagonist modulates adenylyl cyclase 
activity and/or GPCR activity and/or PDE activity. 

[0017] In one embodiment, the present invention provides 
a method for determining adenylyl cyclase activity in a 
sample comprising a sample that may contain adenylyl 
cyclase, adding to said sample an inactive enZyme capable 
of being activated by cAMP, adding a detection system 
capable of detecting the activity of said activated enZyme 
and generating a detectable signal, and determining adenylyl 
cyclase activity present in said sample based on said signal. 
In some embodiments, said sample comprises a lysate. In 
some embodiments, the sample lysate is derived from bac 
teria, yeast or mammalian cells. In some embodiments, said 
sample comprises plasma membranes, cellular membranes, 
and/or organellar membranes. In some embodiments, said 
inactive enZyme is a cAMP dependent protein kinase. In 
some embodiments, said detection system comprises a sub 
strate capable of being phosphorylated by PKA. In some 
embodiments, said substrate comprises SEQ ID NO: 1. In 
some embodiments, said detection system further comprises 
an enZyme capable of utiliZing ATP to generate a lumines 
cent signal Wherein said enZyme is luciferase. In some 
embodiments, said substrate comprises a radioactively 
labeled biotinylated substrate further comprising SEQ ID 
NO: 1. In some embodiments, said detection system further 
comprises a streptavidin coated binding surface. In some 
embodiments, said substrate comprises a ?uorescently 
labeled substrate further comprising SEQ ID NO: 1, Wherein 
said ?uorescent label is preferentially rhodamine. In some 
embodiments, the method of the present invention further 
comprises the addition of one or more inhibitors of phos 
phodiesterases, and/or the addition of an agonist or antago 
nist capable of affecting adenylyl cyclase activity. 
[0018] In one embodiment, the present invention provides 
a method for determining phosphodiesterase activity in a 
sample comprising a sample that may contain a phosphodi 
esterase, adding to said sample an inactive enZyme capable 
of being activated by cAMP, adding a detection system 
capable of detecting the activity of said activated enZyme 
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and generating a detectable signal, and determining phos 
phodiesterase activity present in said sample based on said 
signal. In some embodiments, said sample comprises a 
lysate. In some embodiments, the sample lysate is derived 
from bacteria, yeast or mammalian cells. In some embodi 
ments, said sample comprises plasma membranes, cellular 
membranes, and/ or organellar membranes. In some embodi 
ments, said phosphodiesterase is a cyclic nucleotide phos 
phodiesterase. In some embodiments, said cyclic nucleotide 
is cAMP or cGMP. In some embodiments, said inactive 
enZyme is a cAMP dependent protein kinase or a cGMP 
dependent protein kinase. In some embodiments, said detec 
tion system comprises a substrate capable of being phos 
phorylated by PKA or PKG. In some embodiments, said 
substrate comprises SEQ ID NO: 1. In some embodiments, 
said detection system further comprises an enZyme capable 
of utiliZing ATP to generate a luminescent signal Wherein 
said enZyme is luciferase. In some embodiments, said sub 
strate comprises a radioactively labeled biotinylated sub 
strate further comprising SEQ ID NO: 1. In some embodi 
ments, said detection system further comprises a 
streptavidin coated binding surface. In some embodiments, 
said substrate comprises a ?uorescently labeled substrate 
further comprising SEQ ID NO: 1, Wherein said ?uorescent 
label is preferentially rhodamine. In some embodiments, the 
method of the present invention further comprises the addi 
tion of one or more inhibitors of phosphodiesterase activity. 

[0019] In one embodiment, the present invention provides 
a method for determining G-protein coupled receptor activ 
ity in a sample comprising a sample that may contain a 
GPCR, adding to said sample an inactive enZyme capable of 
being activated by cAMP, adding a detection system capable 
of detecting the activity of said activated enZyme and 
generating a detectable signal, and determining GPCR activ 
ity present in said sample based on said signal. In some 
embodiments, said sample comprises a lysate, more prefer 
ably a lysate derived from mammalian cells. In some 
embodiments, said sample comprises plasma membranes. In 
some embodiments, said inactive enZyme is a cAMP depen 
dent protein kinase. In some embodiments, said detection 
system comprises a substrate capable of being phosphory 
lated by PKA. In some embodiments, said substrate com 
prises SEQ ID NO: 1. In some embodiments, said detection 
system further comprises an enZyme capable of utiliZing 
ATP to generate a luminescent signal Wherein said enZyme 
is luciferase. In some embodiments, said substrate comprises 
a radioactively labeled biotinylated substrate further com 
prising SEQ ID NO: 1. In some embodiments, said detection 
system further comprises a streptavidin coated binding sur 
face. In some embodiments, said substrate comprises a 
?uorescently labeled substrate further comprising SEQ ID 
NO: 1, Wherein said ?uorescent label is preferentially 
rhodamine. In some embodiments, the method of the present 
invention further comprises the addition of one or more 
inhibitors of phosphodiesterase activity and/ or addition of an 
agonist or antagonist of GPCRs. 

[0020] In one embodiment, the present invention provides 
a kit for determining the concentration of cyclic nucleotides 
in a sample comprising a cyclic nucleotide, a protein kinase, 
ATP, a protein kinase substrate, and instructions for using 
said kit in determining said concentration of said protein 
kinase substrate. In some embodiments, said kit further 
comprises a luminescent detection system. In some embodi 
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ments, said kit further comprises a ?uorescent detection 
system. In some embodiments, said kit further comprises a 
radioactive detection system. 

[0021] In one embodiment, the present invention provides 
a kit for determining the cyclic nucleotide phosphodiesterase 
activity in a sample comprising substrates fror cAMP and 
cGMP, a protein kinase, a protein kinase substrate, and 
instructions for using said kit in determining said activity of 
said cyclic nucleotide phosphodiesterase. In some embodi 
ments, said kit further comprises a luminescent detection 
system. In some embodiments, said kit further comprises a 
?uorescent detection system. In some embodiments, said kit 
further comprises a radioactive detection system. 

DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs a G-protein coupled receptor signal 
ing pathWay. A G-protein coupled receptor subunit GO‘S 
stimulates adenylyl cyclase and cAMP is generated from 
ATP. Cyclic AMP binds to the regulatory subunit of PKA 
releasing the catalytic subunits that phosphorylate substrates 
of PKA. Conversely, an inhibitory GPCR subunit GO‘i inhib 
its adenylyl cyclase thereby blocking phosphorylation of 
PKA substrates. Phosphodiesterases a?‘ect PKA substrate 
phosphorylation by hydrolyZing cAMP to AMP and cGMP 
to GMP, Which does not bind to the PKA regulatory sub 
units. 

[0023] FIG. 2 is a graph shoWing that as cAMP concen 
tration increases there is a corresponding decrease in sample 
luminescence. 

[0024] FIG. 3 is a graph shoWing that as the concentration 
of forskolin, a direct stimulant of adenylyl cyclase, increases 
there is a decrease in sample luminescence. 

[0025] FIG. 4 shoWs (A) a graph demonstrating that as 
agonists induce the dopamine receptor Dl (Gas-protein 
coupled receptor) expressed in D293 cells there is a decrease 
in luminescence and (B) a graph demonstrating that the 
addition of an antagonist, in the presence of an agonist, to 
dopamine receptor Dl expressing D293 cells causes an 
increase in luminescence. 

[0026] FIG. 5 shoWs that as phosphodiesterase II concen 
tration increases in the presence of cAMP there is an 
increase in luminescence. 

[0027] FIG. 6 demonstrates that as cyclic nucleotide con 
centration increases, luminescence increases, regardless of 
Whether the cyclic nucleotide is cAMP or cGMP but With 
different a?inities. 

[0028] FIG. 7 shoWs (A) a graph demonstrating that as 
phosphodiesterase V concentration increases in the presence 
of cGMP there is an increase in luminescence and (B) a 
graph demonstrating that as an inhibitor of phosphodi 
esterase V, Zaprinast, increases in the presence of cGMP 
there is a decrease in luminescence. 

[0029] FIG. 8 demonstrates cAMP production in plasma 
membrane preparations from different mammalian cell; A) 
human embryonic kidney (HEK) 293 cells and B) Chinese 
hamster ovary (CHO) cells. 

[0030] FIG. 9 shoWs the EC50 for Forskolin using 1 pg of 
DRDl-D293 plasma membrane preparations. 
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[0031] FIG. 10 demonstrates D1 receptor activation in 
plasma membrane preparation following activation by addi 
tion of dopamine. Activation of dopamine receptor Was 
evaluated by measuring cAMP production. 

[0032] FIG. 11 shoWs A) an exemplary titration of 
Dopamine D2 receptor With the agonist Quinpirole in the 
presence of 10 uM forskolin using D2 stably transfected 
D293 cells and B) an exemplary titration of the D2 dopam 
ine D2 receptor antagonists Raclopride in the presence of 
100 nM Quinpirole and 10 uM forskolin using D2 stably 
transfected D293 cells. 

DEFINITIONS 

[0033] As used herein, the term “sample” is used in its 
broadest sense. In one sense, it is meant to include a 
specimen or culture obtained from any source, as Well as 
biological and environmental samples. Biological samples 
may be obtained from animals (including humans) and 
encompass ?uids, solids, tissues, and gases. Biological 
samples include blood products, cell lysates, and compo 
nents of cell lysates. Environmental samples include envi 
ronmental material such as surface matter, soil, Water, crys 
tals and industrial samples. A sample may or may not 
contain a substance that modulates cyclic nucleotide con 
centration. Such examples are not hoWever to be construed 
as limiting the sample types applicable to the present inven 
tion. 

[0034] As used herein, the term “agonist” refers to any 
substance that may stimulate the activity of a receptor, 
enZyme, or other protein. 

[0035] As used herein, the term “antagonist” refers to any 
substance that may inhibit the activity of a receptor, enzyme, 
or other protein. 

[0036] As used herein, the term “substrate” refers to any 
polypeptide that is acted on by an enZyme or other protein. 

[0037] As used herein, the term “inhibitor” refers to any 
compound that inhibits enZyme activity or biochemical 
reactions. 

[0038] As used herein, the term “detection” refers to 
qualitatively or quantitatively determining the presence or 
absence of a substance Within a sample. For example, 
methods of detection as described herein include, but are not 
limited to, luminescence, radioactivity and ?uorescence. 

[0039] As used herein, the term “lysate” refers, in its 
broadest sense, to the cellular debris and ?uid that is released 
from a cell When the cell membrane is broken apart, or lysed. 
For example, as described herein lysates that ?nd utility in 
the present invention include, but are not limited to, lysates 
from prokaryotic cells such as bacteria, and lysates from 
eukaryotic cells such as yeast, plant and mammalian cell 
lysates. Cellular debris that is a product of eukaryotic 
cellular lysis includes, but is not limited to, organelles (e.g., 
endoplasmic reticulum, nucleus, ribosomes, mitochondria, 
etc), cellular structural components such as microtubules, 
plasma membranes, organellar membranes, cellular mem 
branes, and the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In one embodiment, the methods of the present 
invention provide for monitoring the modulations of cellular 
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proteins by monitoring the changes in activity of a protein 
kinase due to activation by cyclic nucleotides. Cellular 
levels of cyclic nucleotides re?ect the balance betWeen the 
activities of cyclases and cyclic nucleotide phosphodi 
esterases (FIG. 1). Cyclic AMP binds to the regulatory 
subunits of the tetramer PKA. Cyclic GMP binds to the 
regulatory subunit of cGMP dependent protein kinase, or 
PKG. The present invention is not limited to a particular 
mechanism. Indeed, an understanding of the mechanism is 
not necessary to practice the present invention. Nonetheless, 
it Was found that not only does cAMP bind to the regulatory 
subunits of type II PKA, but cGMP also binds to type II PKA 
regulatory subunits. Therefore, once cAMP or cGMP binds 
to the regulatory subunits of PKA, the PKA active catalytic 
subunits are capable of phosphorylating serine/threonine 
protein kinase substrates by transfer of a phosphate from 
ATP to the substrate phosphorylation site. As such, PKA 
activity serves as an indicator of the amount of cAMP or 
cGMP present in a sample. 

[0041] As previously stated, cyclases and phosphodi 
esterases directly in?uence the amount of cyclic nucleotides 
present in a sample. For example, When activators or inhibi 
tors of adenylyl cyclase are present, cAMP concentration 
Will increase or decrease, respectively, thereby causing an 
increase or decrease in PKA activity. The same is found for 
activators or inhibitors of guanylyl cyclase. Adenylyl 
cyclase is part of a signaling pathWay associated With 
GPCRs. An agonist or antagonist of a GPCR will affect the 
activity of adenylyl cyclase, and thus PKA activity. Con 
versely, phosphodiesterases hydrolyZe cAMP to AMP and 
cGMP to GMP, so as agonists or antagonists of this enZyme 
are present in a sample, cyclic nucleotide concentration Will 
decrease or increase, respectively, thereby causing a 
decrease or increase in PKA activity. As such, the methods 
as described herein provide for monitoring modulations of 
cAMP, adenylyl cyclase, cGMP, phosphodiesterases, and 
GPCRs. 

[0042] To maximiZe the event that only cyclic nucleotides 
in a sample are able to activate the PKA of the method, the 
PKA of the method should be as pure of a PKA type II 
holo-enZyme (e.g., PKA regulatory and catalytic subunits 
are associated) as possible. Preferably, the PKA type II 
holo-enZyme is substantially free from unassociated active 
catalytic subunits. The purity of the PKA holo-enZyme 
should be su?icient to permit monitoring of the modulation 
of the cyclases and GPCRs When compared to a control. 
Similarly, if PKG is used as described herein, it should be 
similarly substantially free from unassociated active cata 
lytic subunits. To maximiZe the methods as described herein, 
the PKA holo-enZyme used for said methods should contain 
<l0% (>90% pure), preferably <5% (>95% pure), more 
preferably <l% (>99% pure), and most preferably <0.l% 
(>99.9% pure) unassociated active catalytic subunits. 
Assays to test for the percentage of unassociated active 
catalytic subunits are those that, for example, compare the 
activity of a test sample of PKA holo-enZyme With that of a 
control sample that contains inactivated holo-enZyme. 

[0043] One embodiment of the present invention provides 
for determining the concentration of cyclic nucleotides in a 
sample. In some embodiments, the present method may be 
used to determine the amount of cAMP or cGMP in a 
sample. A sample of the present method comprises, but is not 
limited to, cell culture media, a buffered solution, cells, and 
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cell lysates. In some embodiments, said sample comprises a 
lysate. In some embodiments, the sample lysate is derived 
from bacteria, yeast or mammalian cells. In some embodi 
ments, said sample comprises plasma membranes, cellular 
membranes, and/ or organellar membranes. 

[0044] In one embodiment, to determine the concentration 
of cyclic nucleotides in a sample, the present invention 
comprises a protein kinase, substrate and ATP. In some 
embodiments, the present invention comprises PKA or 
PKG, such that as a cyclic nucleotide binds to the regulatory 
subunits of the kinase the active catalytic subunits are 
capable of utilizing ATP in phosphorylating a substrate. In 
some embodiments, the invention comprises a serine/threo 
nine protein kinase substrate that demonstrates an increased 
a?inity for PKA or PKG. In some embodiments, the method 
comprises a substrate comprising the polypeptide sequence 
LRRASLG (SEQ ID NO: 1). 

[0045] Detection methods used to determine the cAMP 
concentration of a sample using the present method 
includes, but is not limited to, the use of bioluminescence, 
chemiluminescence, colorimetry, radioactivity, or differen 
tial output based on different ?uorescence technologies. In 
one embodiment, kinase activity is measured in the methods 
described herein and any suitable kinase assay can be used. 
For example, knoWn kinase assays include, but are not 
limited to, luminescent assays such as Kinase-GloTM Lumi 
nescent Kinase Assay (Promega Corporation, Madison Wis.) 
and PKLightTM HTS Protein Kinase Assay (Cambrex, N.J.), 
?uorescent assays such as KinomeTM Hunter (DiscoverX, 
Fremont Calif.) and HitHunterTM FP Kinase Assay (Discov 
erX, Fremont Calif.) and ProFluorTM PKA Assay (Promega 
Corporation, Madison Wis.), and radioactivity assays such 
as SignaTECT® cAMP-Dependent Protein Kinase (PKA) 
Assay System (Promega Corporation, Madison Wis.). 

[0046] It is contemplated that different luminescent detec 
tion methods exhibit different patterns of luminescent output 
With respect to PKA activity. In one embodiment, a lumi 
nescent detection method is a method that detects kinase 
activity. In some embodiments, a luminescent detection 
method as described herein comprises an enzyme, a sub 
strate, and an appropriate buffer. In some embodiments, the 
present invention detects changes in cAMP concentration by 
bioluminescence. In some embodiments, the present inven 
tion detects changes in cAMP concentration by utilizing a 
luciferase. In some embodiments, the present invention 
detects changes in cAMP concentration by utilizing a 
coleopteran luciferase. For example, as cyclic nucleotides 
bind to the regulatory subunits of PKA the catalytic subunits 
are able to utilize ATP for substrate phosphorylation and ATP 
is depleted. The coleopteran luciferase enzyme utilizes ATP 
and other co-factors to convert its cognate substrate luciferin 
into oxyluciferin, a byproduct of the reaction being lumi 
nescence, or light. As ATP decreases in a sample there is less 
available for luciferase and a decrease in luminescence is 
seen. The luminescent ouput (relative light units or RLUs) is 
used to detect a change in luminescence of a sample relative 
to that of a control. Other luminescent detection methods 
may exhibit differential light output With respect to PKA 
activity. 

[0047] In one embodiment, the present invention provides 
a detection system Whereby cyclic nucleotide concentration 
in a sample is determined by radioactive means. Di?ferent 
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radioactive detection methods may exhibit different patterns 
of radioactive output With respect to PKA activity. In some 
embodiments, a radioactive detection method is a method to 
detect kinase activity. In some embodiments, the radioactive 
detection method as described herein comprises a modi?ed 
substrate, a suitable buffer, and a surface capable of captur 
ing the modi?ed substrate. In some embodiments, the radio 
active method comprises the SignaTECT® cAMP-Depen 
dent Protein Kinase (PKA) Assay System (Promega 
Corporation, Madison, Wis.). In some embodiments, the 
radioactive detection method comprises radioactive ATP. In 
some embodiments, the radioactive detection method com 
prises y32P-ATP or y33P-ATP. 

[0048] In one embodiment, the radioactive detection 
method further comprises a substrate capable of being 
phosphorylated by PKA. In some embodiments, the radio 
active detection method comprises a substrate capable of 
being phosphorylated by PKA in association With a ligand. 
In some embodiments, the radioactive detection method 
comprises a biotinylated substrate comprising the polypep 
tide sequence LRRASLG (SEQ ID NO: 1). In some embodi 
ments, the detection method as described herein further 
comprises a surface upon Which resides a compound that 
captures the substrate/ligand. For example, the surface is a 
membrane that is coated With streptavidin. As the cyclic 
nucleotides bind to the regulatory subunit of PKA, the 
catalytic subunits utilize the radioactively labeled ATP and 
transfer a radioactive phosphate onto the substrate thereby 
causing the substrate to be radioactive. The radioactive 
ligand-coupled substrate is captured on a surface upon 
Which resides a compound that Will capture the ligand (e.g. 
strepravidin). In some embodiments, the surface is Washed 
free of excess radioactivity, and radioactivity captured on the 
capture surface is measured. The radioactive output (counts 
per unit time) is used to detect a change in radioactivity of 
a sample relative to that of a control. 

[0049] In one embodiment, the present invention provides 
a detection system Whereby cyclic nucleotide concentration 
in a sample is determined by ?uorescent means. Di?ferent 
?uorescence detection methods may exhibit different pat 
terns of ?uorescence output With respect to PKA activity. In 
one embodiment, a ?uorescence detection method is a 
method to detect kinase activity. In some embodiments, the 
?uorescent detection method of the present method com 
prises an enzyme, a modi?ed substrate, and a suitable buffer. 
In some embodiments, the ?uorescent method comprises the 
ProFluorTM PKA Assay (Promega Corporation, Madison, 
Wis.). In one embodiment, the ?uorescent detection method 
of the present invention comprises a ?uorophore. In some 
embodiments, the ?uorescent detection method comprises 
the ?uorophore rhodamine- l l 0. 

[0050] In one embodiment, the ?uorescent detection 
method as described herein further comprises a substrate. In 
some embodiments, the substrate of the ?uorescent detec 
tion method comprises the polypeptide sequence LRRASLG 
(SEQ ID NO: 1). In some embodiments, the ?uorescent 
detection method comprises an enzyme. In some embodi 
ments, an enzyme of the ?uorescent detection method as 
described herein is a protease. In some embodiments, the 
protease of the ?uorescent detection method is capable of 
digesting the substrate When it is not phosphorylated. 

[0051] In one embodiment, the ?uorescent detection 
method comprises a substrate in association With a ?uoro 
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phore. In some embodiments, the ?uorescent detection 
method comprises tWo substrates in association With a 
?uorophore such that as the ?uorophore is in association 
With the substrates there in decreased ?uorescence When 
compared to a ?uorophore that is free from association With 
the substrate. For example, as the cyclic nucleotides bind to 
the regulatory subunits of PKA the catalytic subunits are 
capable of phosphorylating a cognate substrate. The sub 
strates of the ?uorescent detection method are coupled to a 
?uorophore such that the ?uorophore exhibits decreased 
?uorescence When bound to the substrates. A protease as 
described herein digests the substrate up to the point of 
phosphorylation. Therefore, if cyclic nucleotide concentra 
tion in a sample is increased, more substrate Will be phos 
phorylated and the ?uorescence Will remain loW. Con 
versely, if cyclic nucleotide concentration in a sample is loW, 
then less substrate Will be phosphorylated, protease diges 
tion of the non-phosphorylated substrate Will be complete 
thereby releasing the ?uorophore and ?uorescence Will 
increase. The ?uorescence output (relative ?uorescent units) 
is detected and a change in ?uorescence of a sample relative 
to that of a control is determined. 

[0052] In one embodiment, the present invention provides 
for determining cyclic nucleotide concentration in a sample 
and correlating the cyclic nucleotide concentration With 
cyclase activity in a sample. In one embodiment, the cyclic 
nucleotides to be detected are cAMP or cGMP. A sample of 
the present method comprises, but is not limited to, cell 
culture media, a buffered solution, cells, and cell lysates. In 
some embodiments, said sample comprises a lysate. In some 
embodiments, the sample lysate is derived from bacteria, 
yeast or mammalian cells. In some embodiments, said 
sample comprises plasma membranes, cellular membranes, 
and/or organellar membranes. In some embodiments, the 
cyclase of the present invention is chosen from a group 
consisting of adenylyl cyclase and guanylyl cyclase. In one 
embodiment, the cyclase of the present invention is adenylyl 
cyclase. In some embodiments, the present invention is used 
to ?nd substances that have an affect on adenylyl cyclase 
activity. For example, methods of the present invention are 
used to ?nd substances that either stimulate (e.g. increase) or 
inhibit (e.g. decrease) adenylyl cyclase activity. Examples of 
substances that stimulate adenylyl cyclase activity include, 
but are not limited to, forskolin and forskolin derivatives 
such as 7-Deacetyl-forskolin, 6-Acetyl-7-deacetyl-forskolin 
and 7-Deacetyl-7-O-hemisuccinyl-forskolin. Examples of 
substances that inhibit adenylyl cyclase activity include, but 
are not limited to; cell permeable inhibitors such as 9-(Tet 
rahydrofuryl)-adenine, 2', 5'-Dideoxyadenosine and 9-(Cy 
clopentyl)-adenine; competitive inhibitors such as substrate 
analogs [3-L-2',3'-Dideoxy-adenosine-5'-triphosphate, [3-L 
Adenosine 5'-triphosphate and Adenosine 5'-([3y-methyl 
ene)-triphosphate; non-competitive inhibitors such as 
9-(Arabinofuranosyl)-adenine, 9-(Xylofuranosyl)-adenine 
and 2',5'-Dideoxyadenosine 3'-tetraphosphate; other inhibi 
tors such as Cis-N-(2-Phenylcyclopentyl)aZacyclotridec-l 
en-2-amine, 9-(2-Diphosphorylphosphonyl 
methoxyethyl)adenine and polyadenylyl. 
[0053] In one embodiment, to determine the affect of 
substances on adenylyl cyclase activity, the methods of the 
present invention comprise a protein kinase, substrate and 
ATP. In some embodiments, the present method comprises a 
cAMP dependent protein kinase (PKA) such that as a cyclic 
nucleotide binds to the regulatory subunits of the kinase and 
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releases the active catalytic subunits that are capable of 
utiliZing ATP in phosphorylating a serine/threonine protein 
kinase substrate. In some embodiments, the present method 
comprises a serine/threonine protein kinase substrate that 
demonstrates an increased a?inity for the free catalytic 
subunit of PKA. In some embodiments, the present method 
comprises a substrate comprising the polypeptide sequence 
LRRASLG (SEQ ID NO: 1). Adenylyl cyclase generates 
cAMP from ATP, therefore a substance Which affects ade 
nylyl cyclase activity impacts the concentration of cAMP in 
a sample. Detection methods have been described in previ 
ous embodiments, and those detection methods are equally 
applicable here. For example, as substances affect the activ 
ity of adenylyl cyclase in a sample, the cAMP concentration 
Will increase or decrease, Which Will cause an increase or 
decrease in substrate phosphorylation via PKA. The detec 
tion method output as previously described is used to 
determine the increase or decrease in cAMP concentration 
that is correlated With an increase or decrease in adenylyl 
cyclase activity of a sample relative to that of a control. 
Therefore, When an agonist of an adenylyl cyclase is present 
in a sample thereby stimulating adenylyl cyclase activity, 
there is an increase in cAMP production that is re?ected in 
the output of the detection method of use. Conversely, if an 
antagonist of an adenylyl cyclase is present in a sample 
thereby inhibiting adenylyl cyclase activity, there is a 
decrease in cAMP production, Which is re?ected in the 
output of the detection method of use. 

[0054] In one embodiment, the present invention deter 
mines the concentration of cyclic nucleotides in a sample 
and correlates the cyclic nucleotide concentration With phos 
phodiesterase activity. In some embodiments, the cyclic 
nucleotides to be detected are cAMP or cGMP. In some 

embodiments, if cGMP is the cyclic nucleotide used for 
detection, then the sample has an overabundance of cGMP 
relative to cAMP. In some embodiments, When cGMP is the 
cyclic nucleotide used for detection, phosphodiesterase IV 
(a cAMP speci?c phosphodiesterase) is present in the 
sample. In some embodiments, a sample of the present 
invention includes, but is not limited to, cell culture media, 
a buffered solution, cells, and cell lysates. In some embodi 
ments, said sample comprises a lysate. In some embodi 
ments, the sample lysate is derived from bacteria, yeast or 
mammalian cells. In some embodiments, said sample com 
prises plasma membranes, cellular membranes, and/or 
organellar membranes. 

[0055] In one embodiment, the phosphodiesterase is a 
cyclic nucleotide phosphodiesterase. In some embodiments, 
the cyclic nucleotide phosphodiesterase activity to be deter 
mined, When detecting cAMP activation of PKA, is from a 
group consisting of phosphodiesterase II, phosphodiesterase 
III, and phosphodiesterase IV. In some embodiments, the 
cyclic nucleotide phosphodiesterase activity to be deter 
mined, When detecting cGMP activation of PKA, is from a 
group consisting of phosphodiesterase II, phosphodiesterase 
III, and phosphodiesterase IV and phosphodiesterase V. In 
some embodiments, methods of the present invention are 
used to ?nd substances that have an affect on phosphodi 
esterase activity. In some embodiments, the present inven 
tion is used to ?nd substances that either stimulate (e.g. 
increase) or inhibit (e.g. decrease) phosphodiesterase activ 
ity. An examples of a substance that inhibits phosphodi 
esterase II activity includes, but is not limited to, Erythro 
9-(2-hydroxy-3-nonyl)adenine. Examples of substances that 
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inhibit phosphodiesterase III activity include, but are not 
limited to, l,6-Dihydro-2-methyl-6-oxo-(3,4'-bipyridine)-5 
carbonitrile, 1,3 -Dihydro -4 -methyl-5 -(4-methylthioben 
Zoyl)-2H-imidaZol-2-one and Trequisin hydrochloride. 
Examples of substances that inhibit phosphodiesterase IV 
activity include, but are not limited to, 4-[3-(Cyclopenty 
loxy)-4-methoxyphenyl]-2-pyrrolidinone, 4-(3-Butoxy-4 
methoxybenZyl)imidaZolidin-2-one and l -Ethyl-4-[9 1 -me 
thylethylidene-hydraZino] l H-pyraZolo[3 ,4-b]pyridine-5 - 
carboxylic acid ethyl ester hydrochloride. Examples of 
substances that inhibit phosphodiesterase V activity include, 
but are not limited to, l,4-Dihydro-5-(2-propoxyphenyl) 
7H-l,2,3-triaZolo(4,5-d-pyrimidin-7-one (Zaprinist), Dipy 
ridamole and l-[4-ethoxy-3-(6,7-dihydro-l-methyl-7-oxo 
3 -propyl- l H-pyraZolo[4,3 -d]pyrimidin-5 -yl 
phenylsulfolyl]-4-methylpiperaZine citrate. An example of a 
substance that is a non-selective inhibitor of cyclic nucle 
otide phosphodiesterases is 3-Isobutyl-l-methylxanthine. 

[0056] In one embodiment, to determine the affect of 
substances on phosphodiesterase activity, the present inven 
tion comprises cyclic nucleotides, a protein kinase, a sub 
strate and ATP. In some embodiments, the present invention 
comprises PKA such that as a cyclic nucleotide, either 
cAMP or cGMP, binds to the regulatory subunits of the 
kinase are released and become capable of utilizing ATP in 
phosphorylating a serine/threonine protein kinase substrate. 
In some embodiments, the present invention comprises a 
serine/threonine protein kinase substrate that demonstrates 
an increased a?inity for a cAMP dependent protein kinase. 
In some embodiments, the present invention comprises a 
substrate comprising the polypeptide sequence LRRASLG 
(SEQ ID NO: 1). 

[0057] Phosphodiesterases hydrolyZe cyclic nucleotides, 
cAMP to AMP and cGMP to GMP. Detection methods have 
been described in previous embodiments, and those detec 
tion methods are equally applicable here. For example, as 
substances modulate the activity of a phosphodiesterase in a 
sample, the cyclic nucleotide concentration increases or 
decreases, thereby causing an increase or decrease in sub 
strate phosphorylation via PKA. A detection method output 
as described herein is used to determine the increase or 
decrease in cyclic nucleotide concentration that is correlated 
With an decrease or increase in phosphodiesterase activity of 
a sample relative to that of a control. Therefore, When an 
agonist of a phosphodiesterase is present in a sample thereby 
stimulating phosphodiesterase activity, there is an increase 
in hydrolysis of cAMP to AMP or cGMP to GMP, Which is 
re?ected in the output of the detection method of use. 
Conversely, if an antagonist of a phosphodiesterase is 
present in a sample thereby inhibiting phosphodiesterase 
activity, there is a decrease in hydrolysis of cAMP to AMP 
or cGMP to GMP, Which is re?ected in the output of the 
detection method of use. 

[0058] In one embodiment, a method as described herein 
determines the concentration of cyclic nucleotides in a 
sample and correlates the cyclic nucleotide concentration 
With G-protein coupled receptor (GPCR) activity. In some 
embodiments, the cyclic nucleotides to be detected are 
cAMP or cGMP. In some embodiments, a sample of the 
present invention comprises, but is not limited to, cell 
culture media, a buffered solution, cells, and cell lysates. In 
some embodiments, said sample comprises a lysate. In some 
embodiments, the sample lysate is derived from bacteria, 
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yeast or mammalian cells. In some embodiments, said 
sample comprises plasma membranes, cellular membranes, 
and/or organellar membranes. In some embodiments, meth 
ods of the present invention are used to ?nd substances that 
have an affect on GPCR activity. In some embodiments, the 
present invention is used to ?nd substances that either 
stimulate (e.g. increase) or inhibit (e.g. decrease) GPCR 
activity. A representative list of G-protein coupled receptors 
can be found in Hermans, E., 2003, Pharmacology & 
Therapeutics 99:25-44, incorporated herein by reference in 
its entirety. Examples of GPCR include, but are not limited 
to, the dopamine receptor Dl (SEQ ID NO: 2) (US. Pat. No. 
5,389,543) and the [3-2-adrenergic receptor and the prostag 
landin El receptor. Examples of substances that increase 
dopamine receptor Dl (SEQ ID NO: 2) activity include, but 
are not limited to, dopamine, apomorphine, l-Phenyl-2,3,4, 
5-tetrahydro-(lH)-3-benZaZepine-7,8-diol (SKF 38393) and 
6-Chloro-7, 8-dihydroxy-3 -allyl-l -phenyl-2,3,4,5 -tetrahy 
dro-lH-3-benZaZepine hydrobromide (SKF 82958). Other 
dopamine receptors include, but are not limited to, D2, D3, 
D4, and D5 receptors. An example of a substance that 
increases the activity of the [3-2-adrenergic receptor 
includes, but is not limited to, isoproterenol. An example of 
a substance that increases activity of the prostaglandin E2 
receptor includes, but is not limited, CP-533,536. Other 
prostaglandin receptors includes, but are not limited to, EPl, 
EP3 and EP4. 

[0059] In one embodiment, to determine the affect of 
substances on GPCR activity, methods of the present inven 
tion comprise cyclic nucleotides, a protein kinase, a sub 
strate and ATP. In some embodiments, the present invention 
comprises PKA such that as a cyclic nucleotide binds to the 
regulatory subunits of the kinase and active catalytic sub 
units are capable of utiliZing ATP in phosphorylating a 
serine/threonine protein kinase substrate. In some embodi 
ments, the present invention comprises a PKA Which upon 
binding of cyclic nucleotides to its subunits, the kinase 
activity of the catalytic subunit is generated and utiliZes ATP 
for phosphorylating a serine/threonine protein kinase sub 
strate. In some embodiments, the present invention com 
prises PKA, Which upon binding of cyclic nucleotides to its 
regulatory subunit, the kinase activity of the catalytic sub 
units is generated and utiliZes ATP for phosphorylating a 
serine/threonine protein kinase substrate. In some embodi 
ments, the substrate comprises the polypeptide sequence 
LRRASLG (SEQ ID NO: 1). 

[0060] G-protein coupled receptors are integral membrane 
proteins Which are involved in signaling from outside to 
inside a cell. There are many diseases that are caused by 
GPCR malfunction, therefore the ability of methods of the 
present invention to de?ne Whether substances have an 
affect on GPCR activity is of importance both academically 
and clinically. As substances either stimulate or inhibit a 
G-protein coupled receptor, the associated adenylyl cyclase 
is affected Wherein its activity Will increase or decrease, 
respectively. As the adenylyl cyclase activity is modulated 
by stimulation or inhibition through the GPCR, the amount 
of ATP that is converted to cAMP is affected, thereby 
controlling the amount of cAMP that is available to associate 
With the regulatory subunits of PKA, Which in turn controls 
the amount of substrate phosphorylation that occurs in a 
sample. 
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[0061] Detection methods have been described in previous 
embodiments, and those detection methods are equally 
applicable here. As substances affect the activity of a GPCR 
in a sample, the cyclic nucleotide concentration changes 
accordingly, which causes an increase or decrease in sub 

strate phosphorylation via PKA. The detection method out 
put is used to determine the increase or decrease in cAMP 
concentration that is correlated to an increase or decrease in 

GPCR activity of a sample relative to that of a control. 
Therefore, when an agonist of a GPCR that is coupled to 
Gots is present in a sample, adenylyl cyclase activity is 
stimutated causing an increase in cAMP generation, which 
is re?ected in the output of the detection method used. 

[0062] Conversely, if an antagonist of a GPCR that is 
coupled to GotS is present in a sample, adenylyl cyclase 
activity is inhibited and there is a decrease in cAMP gen 
eration that is re?ected in the output of the detection method 
used. When an agonist of GPCR coupled to Goti is present 
in a sample, adenylyl cyclase activity is inhibited causing a 
decrease in cAMP generation that is re?ected in the output 
of the detection method used. When an antagonist of GPCR 
coupled to Goti is present in a sample, adenylyl cyclase 
activity is not inhibited, therefore a potential increase in 
cAMP generation is realiZed and is re?ected in the output of 
the detection method used. 

[0063] In one embodiment, the present invention provides 
a kit comprising one or more reagents for conducting any 
method as described herein. In some embodiments, said 
reagents are su?icient for conducting the methods as 
described herein. In some embodiments, said kit reagents 
include, but are not limited to, controls, instructions, buffers, 
software for data analysis, equipment for practicing the 
detection methods as described herein, one or more con 

tainers comprising one or more reagents for practicing the 
methods as described herein, and tissue culture cells. In 
some embodiments, said kits comprise cyclic nucleotides, 
such as cAMP or cGMP. In some embodiments, said kits 
comprise enZymes such as PKA and PKG. In some embodi 
ments, said kits comprise cell lysis buffers or solutions. In 
some embodiments, said kits comprise reaction buffers. In 
some embodiments, said kits comprise protein kinase sub 
strates, either lyophiliZed or in solution. In some embodi 
ments, said kits contain buffers and reagents amenable to a 
particular detection system or method, for example, lumi 
nescence, ?uorescence, or radioactive detection systems. 

[0064] The terminology employed herein is for the pur 
pose of description and should not be regarded as limiting. 
Further, the embodiments as described herein are exemplary 
of what is practiced by using the present kits, methods and 
compositions. They are not intended to be limiting, and any 
person skilled in the art would appreciate the equivalents 
embodied therein. 

EXAMPLES 

[0065] The following examples are provided in order to 
demonstrate and further illustrate certain preferred embodi 
ments and aspects of the present invention and are not to be 
construed as limiting the scope thereof. 
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Example 1 

Culture of Mammalian Cells 

[0066] Mammalian cells HEK D293 (human embryonic 
kidney) were cultured in the following manner for all cell 
culture related experiments, unless otherwise stated. Cells 
were seeded at a density of 5-l0,000 cells/well in a poly 
D-lysine coated 96-well white, clear bottom tissue culture 
plate (BD BioCoatTM Poly-D-Lysine MultiwellTM Plates). 
Cell culture media consisted of Dulbecco’s Modi?ed Eagles 
Medium (DMEM) supplemented with 10% Fetal Bovine 
Serum (FBS),1 U penicillin and 1 mg/ml streptomycin. For 
the stably expressing dopamine receptor Dl cell line, 500 
ug/ml of neomycin was added to the culture media for 
selection and maintenance purposes. Cells were grown at 
37° C./5% CO2 for approximately 24 hours until they were 
60-75% con?uent at which point transfection, induction, or 
other cellular manipulations were performed. 

Example 2 

Determination of cAMP Concentration 

[0067] This experiment was conducted to demonstrate that 
the present invention can be used to determine cAMP 
concentration in a sample, and that the present invention can 
be used with a variety of detection technologies in deter 
mining the cAMP concentration of a sample. 

[0068] Reactions were performed in a poly-D-lysine 
coated, white, clear bottom 96 well plate however reactions 
can also be performed in a 384 well plate by decreasing the 
amount of added reagents proportionately. Higher density 
plates, such as 1536 well plates, can also potentially be used 
by scaling down volume additions accordingly. 

[0069] A three-fold serial dilution of cAMP starting with 
25 uM in 2x Induction Buffer (240 mM NaCl, 7.0 mM KCl, 
3.0 mM CaCl2, 2.4 mM MgSO4, 2.4 mM NaH2PO4, 50 mM 
NaHCO3, 20 mM glucose, 200 uM 3-Isobutyl-l-methylx 
anthine (IBMX), 100 uM 4-(3-Butoxy-4-methoxyben 
Zyl)imidaZolidin-2-one (RO 201724) was made and 10 ul of 
each dilution was transferred to separate wells of a 96 well 
plate. To each cAMP dilution well 10 ul of 2x Induction 
Buffer and 60 pl of PKA/Substrate Reagent (100 ng/well 
HoloenZyme-R-II 0t protein kinase A (BIAFFIN GmbH & 
Co., Kassel, Germany), 25 uM Kemptide, 1 uM rATP, 20 
mM MgCl2) were added. The sample plate was incubated at 
room temperature for 20 minutes followed by addition of 80 
pl of Kinase-GloTM Reagent (Promega Corporation, Madi 
son Wis.). Luminescence was read 10 minutes after addition 
of the Kinase-GloTM Reagent and output was recorded as 
relative light units (RLU, n=2) and plotted against cAMP 
concentration using GraphPad Prism® Software Version 4.0 
(GraphPad Software, San Diego, Calif.). 
[0070] As can be seen in FIG. 2, as cAMP concentration 
increases, luminescence decreases. The same reciprocal 
response was seen when using both the SignaTECT® PKA 
Assay System (radioactivity counts, Promega Corporation, 
Madison Wis.) and the ProFluorTM PKA Assay System 
(relative ?uorescence, Promega Corporation, Madison 
Wis.). Therefore, cAMP concentration can be estimated in 
an unknown sample using the present invention and the 
standard curve. Similarly, using this standard crve the con 
cnentration of cAMP in cellular extracts of cells that were 
treated with agonist or antagonist can be estimated. 
















