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FUNCTIONAL ASSAY FOR G-PROTEIN COUPLED RECEPTORS USING
A RAP-RAS  CHIMERIC PROTEIN Field of the Invention
100011 The invention relates to a G-protein coupled
receptor high-throughput  functional assay for
screening candidate molecules for their ability to
activate or inhibit a  G-protein coupled receptor.
Background of the Invention [0002] The G-protein
coupled receptor (GPCR) family is the largest known
gene family representing greater than 1% of the human
genome (1). G-protein coupled  receptors are also the
most exploited gene family by the pharmaceutical
industry for the  development of therapeutic
compounds. The molecular diversity and discrete tissue
localizations of many GPCRs provides opportunities to
develop selective, efficacious  compounds with
favorable side-effect profiles. As approximately 50%
of the GPCRs are  considered to be `orphan' receptors,
there clearly exists a large untapped drug discovery
potential. [0003] A commonly employed strategy to
identify novel lead compounds is  high-throughput
screening of diverse chemical libraries. Assays used
are either based upon  measuring compound binding to
defined molecular targets or measuring functional
outputs  resulting from compound/receptor
interactions. A major limitation of competition
binding  assays is that they cannot be used to screen
orphan receptors. In contrast to binding assays,
functional assays are amenable to screening orphan
receptors assuming that the functional  outputs can be
detected. In addition, functional assays allow the
determination of intrinsic  activities of ligands (2).
Thus there is strong incentive to develop
high-throughput  functional assays with broad
applicability across the GPCR family. [0004]
Developing functional assays with broad applicability
is problematical  due to the heterogeneity of
responses elicited by GPCRs. Most functional assays
for  GPCRs involve measuring second messenger levels
either directly or through the use of  reporter
constructs. Examples of second messengers commonly
measured to assess GPCR  function include inositol
phosphates, calcium, and cyclic AMP (3-8). Assay
protocols to  measure these second messengers
typically require expensive reagents, radiolabeled
compounds, and/or numerous laborious steps to quantify
responses. Another disadvantage  -1 



WO 2005/042574 PCTIUS2004/036595 is that due to the
heterogeneity of these measured responses, most
functional assays are  limited in scope to discreet
subsets of GPCRs and require a priori knowledge of the
signal- transduction properties to provide reliable
screens for orphan receptors. [0005] GPCRS can be
crudely divided in receptors that stimulate cyclic AMP
production through PTX-insensitive G-proteins
(Gs-coupled), receptors that inhibit cyclic  AMP
production through PTX-sensitive G-proteins
(Gi-coupled) and receptors that  stimulate
phosphatidyl inositol production through
PTX-insensitive G-proteins (Gq- coupled). For example,
assays that measure calcium flux work well with
receptors coupled  to Gq-family G-proteins but
marginally well with receptors coupled to Gi-family
G-proteins  and not at all with receptors coupled to
Gs-family G-proteins. Likewise, cyclic AMP
measurements work for Gs and Gi-coupled receptors, but
not Gq-coupled receptors. [0006] Functional assays for
Gs-coupled receptors either quantify cAMP  production
directly (6), the transcriptional regulation of
reporter genes by cyclic AMP  response (CRE) element
promoter (7), or pigment change in frog melanophores
(8). Unlike  measuring calcium flux, cyclic AMP assays
lack the throughput needed to perform HTS
effectively, thus there is a need for a
high-throughput functional assay that is compatible
with Gs-coupled receptors. [0007] To convert the
heterogeneous functional responses of GPCRs into
homogeneous outputs researchers have used chimeric
G-alpha subunits (9-12) that link Gi- coupled
receptors to Gq-regulated responses and promiscuous
(with respect to receptor  coupling) G-alpha subunits
(13,14) to link GPCRs to calcium flux. However
possibly  because Gs and the G12/13 G-proteins are
more distantly related to Gi than Gq (15,16),
chimeric G-proteins between these classes of Galpha
subunits do not work as well as Gq/Gi  chimeras (10).
In addition, even Gi-linked receptors display distinct
preferences for  different Gq/Gi family chimeric
constructs (11,12,17) thus the reliability of this
strategy  may vary significantly between receptors.
Similarly, the so-called universally compatible  Ga15
and Ga16 subunits do not couple universally well
enough to all GPCRs (18,19) to be  useful as a general
enablement strategy. Thus, there still exists a need
for high-throughput  functional assays for GPCRs that
are more universally compatible and in particular
amenable to Gs-linked receptors. [0008] An alternate
strategy to link GPCR signaling to a common,
measurable  output is to employ genes that lie
downstream from the heterotrimeric G-proteins. Besides



activating heterotrimeric G-proteins, GPCRs also
activate ras-related GTPases which in  2 WO
2005/042574 PCT/US2004/036595 turn mediate a diverse
array of cellular effects on growth, differentiation,
morphology, and  gene expression (20). With respect to
the heterotrimeric G-proteins, the ras-related
GTPases lie downstream in the signal transduction
cascade. In all cases known, the final  step linking
activation of GPCRs to activation of ras-related
GTPases is activation of a  guanine nucleotide
exchange factor (GEF). GEFs catalyze exchange of GTP
for GDP  leading to GTPase activation and exhibit
substrate specificity for distinct sub-families of
ras-related GTPases (21,22). [0009] Gq, Gs, and Gi
linked GPCRs are known to activate the ras-related
GTPase rap (23-27), although through distinct signal
transduction pathways. Furthermore,  the second
messengers calcium, diacylglycerol, and cyclic AMP,
are known to directly  activate GEFs selective for rap
GTPases (27-29). Therefore, rap GTPases were used to
link  GPCRs to a common, measurable output. Summary of
the Invention [0010] One aspect of the present
invention is a method for enabling or  improving
assays of gene function using co-expression of helper
genes. In one  embodiment, the method is for the
purposes of identifying chemical compounds which bind
to gene products, and modulate their function
positively or negatively. In another  embodiment, the
method is for the purposes of detecting/validating the
function of genes  whose functions or abilities to
function are unknown. In still another embodiment, the
method is for the purposes of identifying the signal
transduction properties of genes whose  functions or
abilities to function are unknown and thereby
optimizing drug discovery  screening assays for those
genes. [0011] In some embodiments, the genes being
assayed are receptors. In some  embodiments, the genes
being assayed are G-protein coupled receptors. In some
embodiments, the assays of gene function measure
changes in gene expression. In some  embodiments, the
assays of gene function measure changes in second
messenger levels. In  some embodiments, the assays of
gene function measure changes in cellular growth,
morphology, differentiation, or survival. [0012] In
some embodiments, the helper genes enable a response
to receptor  activation that the receptor does not
normally produce. In some embodiments, the helper  



genes amplify responses that the receptor does
normally produce. In some embodiments,  the helper
genes amplify responses that the receptor does not
normally produce but that are  enabled by other helper
genes. In some embodiments, the helper genes block
receptor  -3 WO 2005/042574 PCT/US2004/036595
responses that interfere with detection of the primary
functional response. In some  embodiments, the helper
genes contain mutations which block interfering signal
inputs or  outputs while preserving or enhancing the
primary function response. In some  embodiments, the
helper genes are chimeras between 2 or more genes that
redirect signal  transduction pathways, linking
domains that receive regulatory or signal inputs to
domains  that provide effector or signal outputs. In
some embodiments, the chimeric helpers are  comprised
of domains derived from different G-proteins. In some
embodiments, the  chimeric helpers are comprised of
domains derived from different G-proteins of the ras-
superfamily. In some embodiments, the chimeric helpers
are comprised of domains derived  from different
G-proteins of the rap subfamily and the ras subfamily.
In some  embodiments, the helper genes are naturally
occurring genes that are not normally  expressed in
the host cell used for the functional assay. In some
embodiments, the helper  genes are naturally occurring
genes that are normally expressed in the host cell
used for the  functional assay that are overexpressed.
In some embodiments, the helper genes are  truncated
versions of naturally occurring genes that are not
normally expressed in the host  cell used for the
functional assay. In some embodiments, the helper
genes are truncated  versions of naturally occurring
genes that are normally expressed in the host cell
used for  the functional assay. In some embodiments,
the helper genes are chimeras that additionally
contain mutations not naturally occurring within
either gene from which the chimeras that  comprise the
chimera are derived. In some embodiments, the helper
genes are naturally  occurring genes that are not
normally expressed in the host cell used for the
functional  assay that additionally contain mutations
not naturally occurring within those genes. In  some
embodiments, the helper genes are naturally occurring
genes that are normally  expressed in the host cell
used for the functional assay that additionally
contain mutations  not naturally occurring within
those genes. In some embodiments, the helper genes are
mixtures of 2 or more genes, chimeras, mutant genes,
or truncated genes which when co- expressed enable or
improve detection of functional responses to
receptors. In some  embodiments, the helper genes are
other naturally occurring receptors that help the
receptor  



being functionally assayed to signal better. In some
embodiments, the helper genes are  other naturally
occurring receptors that help the expression and
formation of the receptor  being functionally assayed.
In some embodiments, the helper genes are other
naturally  occurring receptors that help the receptor
being functionally assayed to respond more
sensitively to ligands. In some embodiments, the
helper genes are other unnaturally  -4 WO 2005/042574
PCT/US2004/036595  occurring receptors or mutant
receptors, or fragments of receptors, that help the
receptor  being functionally assayed to signal better.
In some embodiments, the helper genes are  other
unnaturally occurring receptors or mutant receptors,
or fragments of receptors, that  help the expression
and formation of the receptor being functionally
assayed. In some  embodiments, the helper genes are
other unnaturally occurring receptors or mutant
receptors, or fragments of receptors, that help the
receptor being functionally assayed to  respond more
sensitively to ligands. Brief Description of the
Drawings [0013] Figure L. Construction of ras/rap
chimeras which link rap inputs to ras  outputs. [0014]
Figure 2. Characterization of regulation and signaling
properties of  ras/rap chimeras. A) Proliferative
responses of ras, rap, and ras/rap measured in R-SAT.
4  ng/well each of wild-type or GTPase deficient (V12)
mutants of ras, raplA, or ras/rap1A  (24) were
transfected and analyzed for proliferative responses
as described in Methods. B  & C) Rap-selective
exchange factors activate cellular proliferation in a
ras/rap chimera  dependent manner. B) Synergy of EPAC
with ras/rap chimeras. Two ng per well of the rap
selective exchange factor EPAC was co-expressed with
20 ng per well of either raplB,  ras/raplA, ras/rap1B,
ras/rapAA, or control vector and analyzed for
proliferative responses  as described above. C)
Synergy of C3G with ras/rap chimeras. Twenty ng per
well of the  rap selective exchange factor C3G (68)
was co-expressed with 20 ng per well of either  rap
1B, ras/raplA, ras/raplB, ras/rapAA, or control vector
and analyzed for proliferative  responses as described
above. D) The indicated doses (ng per well) of EPAC
were co- expressed with 20 ng per well of ras/rapAA in
the presence or absence of 250uM 8-Br  cAMP and
analyzed for proliferative responses as described
above. E) Rap exchange  factors are selective for
ras/rap chimeras over ras. Either 10 ng per well of
control vector,  ras or ras/rapAA was co-expressed
with EPAC (2 ng per well), C3G (10 ng per well), or  



Sos2 (10 ng per well) and analyzed for proliferative
responses. [0015] Figure 3. Gs-coupled and Gi-coupled
GPCRs activated cellular  proliferation in a ras/rap
dependent manner. A) The Dl dopamine receptor (4 ng
per 96  well) was co-expressed with 20ng per well of
control vector, ras/raplB, or ras/rapAA and  analyzed
for proliferative responses in the presence of the
indicated concentrations of  SKF81297 as described
above. B) The 5HT1E serotonin receptor (20 ng per
well) was co- -5 WO 2005/042574 PCT/US2004/036595
expressed with 20 ng per well of control vector,
ras/rap1B, or ras/rapAA and analyzed for
proliferative responses in the presence of the
indicated concentrations of BRL54443. [0016] Figure 4.
Pertussis toxin sensitivity of ras/rap dependent
proliferative  responses to Gs-coupled and Gi-coupled
GPCRs. A) Dl (4 ng per well) and ras/rapAA (20  ng per
well) were co-expressed and analyzed for proliferative
responses in the presence or  absence of 100 ug/ml
pertussis toxin in the presence of the indicated
concentrations of  SKF81297. B) 5HTIE (20 ng per well)
and ras/rapAA (20 ng per well) were co-expressed  and
analyzed for proliferative responses in the presence
or absence of 100 ug/ml pertussis  toxin in the
presence of the indicated concentrations of BRL54443.
C) D2 (4 ng/well),  alpha2C (20 ng/well), and SST5 (4
ng/well) were each expressed with ras/rapAA (20
ng/well), incubated with the indicated concentrations
of ligand and either with or without  100 ng/ml
pertussis toxin (PTX) and analyzed for proliferative
responses as described  above. Control represents the
receptors expressed alone. [0017] Figure 5. Other
genes can be co-transfected to amplify the enabling
effects of ras/rap. A & B) Dl and D2 (4 ng/well each)
were transfected with ras/rapAA (20  ng/well) and with
or without adenylyl cyclase type II (2 ng/well),
incubated with the  indicated concentrations of ligand
and analyzed for proliferative responses as described
above. C & D) D2 (4 ng/well) and alpha2C (20 ng/well)
were each expressed alone, with  adenylyl cyclase type
II (2 ng/well), ras/rapAA (20 ng/well), or both and
analyzed for  proliferative responses as described
above. E) MC4 (20 ng/well) was expressed alone, with
adenylyl cyclase type II (2 ng/well), ras/rapAA (20
ng/well), or both and analyzed for  proliferative
responses as described above. F) The betal and gamma2
(2 ng each per well)  subunits were expressed alone or
together with either control vector, BarkCT, or the
alpha  subunit of transducin. Control vector was added
to balance the pool size in each  transfection. G) Dl
(4 ng/well) was expressed alone, with BarkCT (4
ng/well), ras/rapAA  



(20 nglwell), or both and analyzed for proliferative
responses as described above. H) MC4  (20 ng(well) was
expressed alone, with ras/rapAA (20 nglwell), with
BarkCT (4 ng/well)  and ras/rapAA (20 ng/well), or
with BarkCT (4 ng/well), ras/rapAA (20 ng/well), and
rac (4  ng/well) and analyzed for proliferative
responses as described above. [0018] Figure 6. GPCRs
stimulate proliferative responses in the presence of
helper genes. A) The indicated Gs-coupled receptors
and beta-galactosidase were  transiently transfected
into NIH3T3 cells either with or without ras/rap (20
ng/well) and  AC2 (2 ng/well) and assayed for
proliferative responses in the presence of the
indicated  -6 WO 2005/042574 PCT/11S2004/036595
concentrations of ligand as described above in the
Materials and Methods. B) The  indicated Gi-coupled
receptors and beta-galactosidase were transiently
transfected into  NIH3T3 cells either with or without
ras/rap (20 ng/well) and AC2 (2 ng/well) and assayed
for proliferative responses in the presence of the
indicated concentrations of ligand as  described above
in the Materials and Methods. C) The indicated Gq-
G12/13-coupled  receptors and beta-galactosidase were
transiently transfected into NIH3T3 cells either with
or without ras/rap (20 ng/well) and AC2 (2 ng/well)
and assayed for proliferative responses  in the
presence of the indicated concentrations of ligand as
described above in the Methods. [0019] Figure 7.
Functional validation and characterization of orphan
GPCRs  using helper genes. A) The indicated receptors
were expressed at two doses either alone,  with
ras/rapAA (2ong/well) and ACU (2ng/well), or Gaq (4
ng/well) and analyzed for  constitutive stimulation of
cellular proliferation as described above. Control
represents the  transfection of the same helper genes
with vector substituting for receptor. The
transfections were all balanced with vector to ensure
the same total amount of DNA was  transfected in each
case. PI hydrolysis assays were carried out using tsa
cells transfected  with 20 ng/well of each receptor as
described in Methods. B) The indicated receptors were
expressed at two doses either alone, with ras/rapAA
(20ng/well) and AC1I (2ng/well), or  Gaq (4 ng/well)
and analyzed for constitutive stimulation of cellular
proliferation as  described above. Control represents
the transfection of the same helper genes with vector
substituting for receptor. The transfections were all
balanced with vector to ensure the  same total amount
of DNA was transfected in each case. Cyclic AMP
accumulation assays  were carried out using HEK293
cells transfected with 20 ng/well of each receptor as
described in Methods. C) The indicated receptors were
expressed at with ras/rapAA  



(20ng/well) and AC1I (2ng/well), incubated in the
presence or absence of pertussis toxin  (PTX, 100
ng/ml) and analyzed for constitutive stimulation of
cellular proliferation as  described above. Control
represents the transfection of the same helper genes
with vector  substituting for receptor. D) The
indicated receptors were tested for stimulation of
cyclic  AMP production as described in the
experimental methods. [0020] Figure 8. Results of a
HTS screen. NIH3T3 cells were transiently  transfected
with the beta2 receptor, 5HT7 receptor, and the
secretin receptor and a mixture  of ras/rapAA, ACII,
BarkCT, rac, and beta-galactosidase and used to screen
a library of  210,000 compounds for agonist activity
at these receptors. Hits and positive controls are  -7
WO 2005/042574 PCT/US2004/036595  indicated. Hits were
retested against each individual receptor. Hits
displaying selectivity  were selected for further
pharmacological characterization as shown. [0021]
Figure 9. Shows a schematic of GPCR signaling pathways
using ras/rap  chimeras. [0022] Figure 10. Comparison
of cellular proliferation assay (R-SATTM, see  U.S.
Patent No. 5,707,798, which is hereby incorporated
herein by reference in its entirety)  with second
messenger assays for cyclic AMP production and
phosphotidyl inositol (PI)  hydrolysis. The indicated
receptors were tested for functional responses in the
cellular  proliferation assay or the indicated second
messenger assay. Shown are the pEC50 values  obtained
in each assay and the ratio of these values. Detailed
Description of the Preferred Embodiment [0023] The
G-protein coupled receptors (GPCR) superfamily is the
most  exploited gene family for drug discovery. Given
that, and that over 50% of the GPCR  family are
classified as `orphan receptors', there is a need to
develop high-throughput  functional assays that have
broad applicability across this family. Due to the
heterogenous  nature of functional responses to GPCRs,
most assays of GPCR function only work for  discreet
subsets of GPCRs. We now report that robust responses
to Gs- and Gi-coupled  GPCRs can readily be measured
through use of chimeras linking the regulatory domain
of  the rap1B protein to the effector region of the
ras oncogene, in conjuction with existing  functional
assays for cellular proliferation. We further show
that overexpression of other  genes can farther
augment the enabling properties of ras/rap chimeras.
Collectively this  cocktail of enabling and amplifying
genes are termed `helper genes'. In addition, the  



presence of `helper genes' does not significantly
alter the functional responses to Gq and  G12/13
coupled GPCRs in these same assay formats. Thus the
use of this helper gene  enablement strategy in
conjunction with existing functional assays provides a
nearly  universal assay of GPCR function. The utility
of this invention for drug screening and for  the
enablement and prediction of functional properties of
orphan receptors is demonstrated. [0024] The invention
disclosed below relates to a functional assay for
screening  candidate compounds for activity against
particular G-protein coupled receptors. In a
preferred embodiment, a target cell is prepared that
expresses a particular G-protein  coupled receptor
(GPCR) of interest. The GPCR is functionally linked to
a measurable  output using rap/ras chimeric construct
or other `helper genes'. -8 WO 2005/042574
PCT/US2004/036595  [0025] One convenient measurable
output is cellular proliferation. To demonstrate the
utility of this approach, we employed a
high-throughput cell-based  functional assay (R-SATTM,
Receptor Selection and Amplification Technology) as a
convenient means to test this enabling technology. Due
to the simplicity of the assay, R- SATTM is well
suited to high-throughput applications (30). The
abilities of genes to induce  cellular proliferation
in R-SAT are strongly correlated with their abilities
to transform NIH- 3T3 cells in focus forming assays.
Therefore GPCRs coupled to Gaq and Ga12/13, as well
as many protooncogenes such as ras induce strong
responses in R-SATTM whereas GPCRs  coupled to the Gai
and Gas families of heterotrimeric G-proteins which do
not transform  NIH-3T3 cells also do not induce
responses in R-SATTM (10, 31, 32 and Burstein
unpublished observations). By employing chimeras
between rap GTPases and ras GTPases,  which contain
the effector functions of ras, and the regulatory
domain of rap, we have  discovered that signals
derived from Gi and Gs-coupled receptors can be
redirected to  stimulate cellular proliferation,
similar to Gq and G12/13 linked GPCRs, and that the
pharmacological responses determined in this manner
are highly predictive of results  obtained with second
messenger assays. We also demonstrate that these
redirected signals  can be further amplified by the
overexpression of other `helper' genes. Furthermore,
we  show that functional responses to GPCRs coupled to
Gq or G12/13 pathways are not  significantly altered
by co-expression of ras/rap or the helper genes, thus
most GPCRs can  be assayed using a single assay
format. Finally the utility of using ras/rap for
functional  characterization of orphan GPCRs is shown.



[0026] To link GPCRs to a common, measurable output we
sought to employ  the rap GTPases because Gq, Gs and
Gi linked GPCRs are all known to activate rap (23-
29). One convenient measurable output is cellular
proliferation. Using chimeras between  rap GTPases and
ras GTPases, which contain the effector functions of
ras, and the  regulatory domain of rap, we have
discovered that signals derived from Gi and Gs-coupled
receptors can be redirected to stimulate cellular
proliferation, similar to Gq and G12/13  linked GPCRs,
and that their pharmacological responses determined in
this manner are  highly predictive of results obtained
with second messenger assays. Furthermore,  functional
responses to GPCRs coupled to Gq or G12/13 pathways
are not significantly  altered by co-expression of the
helper genes described above. As configured with
helper  genes, the assay retains all of the attributes
that allow high-throughput functional analysis.  -9 WO
2005/042574 PCT/US2004/036595  [0027] By measuring
constitutive responses, the functionality and
signaling properties of a panel of orphan GPCRs were
determined, demonstrating the utility of the  helper
gene strategy for enabling and characterizing
functional responses to orphan GPCRs.  As described
above, most GPCRs can be assayed using a single assay
format, allowing for  functional analysis of Gas, Gai,
and Gaq-coupled receptors, and unbiased screening of
orphan GPCRs. A diagram summarizing homogeneous
detection of GPCR signaling using  ras/rap chimeras is
shown in Figure 9. [0028] To demonstrate the utility
of our approach, we employed a high- throughput
cell-based functional assay (R-SATTM, Receptor
Selection and Amplification  Technology), described in
U.S. Patent No. 6,358,698, entitled "Methods of
identifying  inverse agonists of the serotonin 2A
receptor;" U.S. Patent No. 5,955,281, entitled
"Identification of ligands by selective amplification
of cells transfected with receptors;" and  U.S. Patent
No. 5,912,132, entitled "Identification of ligands by
selective amplification of  cells transfected with
receptors, all of which are hereby incorporated by
reference in their  entirety. [0029] Due to the
simplicity of the assay, R-SATTM is well suited to
high- throughput applications (30). R-SATTM is based
on the observation that oncogenes and  many receptors
induce proliferation or transformation responses in
NIH-3T3 cells. As  such, the abilities of genes to
transform NIH-3T3 cells and to induce responses in
R-SATTM  are strongly correlated. GPCRs coupled to Gaq
or G12/13 (which induce focus formation  



in NIH-3T3 cells, see 46,47) as well as many growth
factor receptors and non-receptor  protooncogenes such
as G-proteins and MAP kinases induce strong responses
in R- SATTM  (10,32), whereas GPCRs coupled to the Gai
and Gas families of heterotrimeric G-proteins  do not
transform NIH-3T3 cells and do not by themselves
induce responses in R-SATTM.  Cyclic AMP is mown to
mediate growth inhibitory signals in many cell types
(48,49),  including NIH3T3 cells (50), and therefore
it is not surprising that GPCRs that promote
production of cyclic AMP induce little or no response
in R-SAT. These limitations have  been overcome using
the strategies outlined above. Thus, this work
demonstrates that the  R-SATTM technology is not
limited to genes that stimulate cellular
proliferation. [0030] Genes that operate downstream of
heterotrimeric G-proteins have been  utilized to
enable homogeneous detection of robust pharmacological
responses to GPCRs.  Although it has been shown that
signaling outputs in R-SATTM and other functional
assays  -10 WO 2005/042574 PCT/11S2004/036595 can also
be redirected to common final pathways through the use
of chimeric heterotrimeric  Galpha subunits (9-12) or
through the use of the promiscuous Galpha subunits
(Ga15 and  Gal6) (14), these approaches suffer from
several disadvantages. G-protein stoichiometry  and
hence receptor pharmacology is altered, receptor
coupling to an artificial construct is  measured, and
both chimeric and promiscuous G-alpha subunits do not
couple universally  well enough to all GPCRs to be
useful as a general enablement strategy (11,12,17-19).
By  employing genes that operate downstream of Galpha
subunits to link signaling outputs from  GPCRs to a
common, measurable output, GPCR coupling to endogenous
heterotrimeric  Galpha subunits is measured,
significantly improving the reliability and generality
of the  assays, and the fidelity of the pharmacology
detected. Indeed, functional coupling of a wide
variety of GPCRs including family A, family B, and
family C receptors, and receptors  which bind
monoaminergic, lipid, and peptide ligands has been
shown, and when compared  to second messenger assays,
a strong correlation of potencies is observed. [00311
Among many gene families downstream of heterotrimeric
G-proteins  that link GPCRs to intracellular signal
transduction, we exploited the low molecular  weight,
ras-related GTPases and the adenylyl cyclase gene
family. The ras-related GTPases  are known to play
important roles in mediating the effects of GPCRs on
cellular growth and  metabolism, linking
heterotrimeric G-protein activation to changes in gene
expression. The  rap proteins were of particular
interest because they respond to a wide variety of
cell  



surface receptors including GPCRs, and thus could
potentially integrate a wide variety of  inputs into a
homogeneous output. Within the superfamily of
low-molecular weight  GTPases, the ras GTPases
transduce proliferative signals while the closely
related rap  GTPases are thought to antagonize ras
function (51,52). In NIH3T3 cells rap is thought to
function as an anti-oncogene, antagonizing the actions
of the potent oncogene ras, thus  providing a possible
explanation why Gs and Gi linked receptors mediate
little or no  response in cell transformation assays.
We reasoned that by linking the effector domain
(amino-terminus) of ras to the regulatory domain
(carboxyl-terminus) of rap we could  convert signals
mediated by Gi and Gs-coupled receptors into
proliferative outputs. We  demonstrated that that
conversion of a rap-mediated signal to a ras output is
sufficient to  enable Gi- and Gs-coupled receptors to
transform NIH3T3 cells thus validating this
hypothesis. In principle, ras/rap based chimeras could
be useful for enabling other gene  families as well.
As rap is known to respond to a variety of other types
of cell surface  receptors including tyrosine-kinase
linked receptors (53,54), cytokine receptors (55),
-11 WO 2005/042574 PCT/US2004/036595  antigen
receptors (56,57) and integrins (58), the strategies
outlined above would be  expected to work for these
gene families as well. In fact, we have observed that
ras/rapAA  also augments responses to nuclear
receptors (unpubl observations). In addition, although
we used R-SAT to demonstrate the utility of ras/rap
based chimeras, such chimeras could  also be used to
link GPCRs, and other gene families that activate rap,
to activation of  reporter constructs responsive to
ras-activated signal transduction cascades. [0032]
Besides redirecting heterogeneous inputs to a
homogeneous output, we  were interested in amplifying
signal output to increase the signal to noise ratio of
the  functional assays. The adenylyl cyclase gene
family was of interest because these proteins  rather
than the heterotrimeric G-proteins are thought to be
rate limiting in amplification of  GPCR-mediated
signals (59). Type II adenylyl cyclase was of
particular interest because it  can respond to Gq- Gi-
and Gs-derived signals (39) and we have observed that
ACII has  very high intrinsic activity relative to
other cyclase subtypes (Burstein unpublished
observation). Indeed, we observed that overexpression
of ACII augmented ras/rap  dependent responses
although unlike the ras/rap chimeras, ACII itself did
not enable  significant responses to GPCRs. Thus the
role of adenylyl cyclase in enabling functional
responses is more as an amplifier and is qualitatively
different than that of the ras/rap  



chimeras, which redirect signals and function as
enablers. Besides adenylyl cyclase, we  have found
that other genes can perform a similar amplifying
function. For example the  ras-related GTPase rac is
required by Gq-coupled receptors to stimulate cellular
proliferation (32). We have found that overexpression
of rac also augments ras/rap  dependent responses to
Gs- and Gi-linked GPCRs in R-SAT and can be used in
conjunction  with ras/rapAA and other genes as part of
a helper gene cocktail to enable robust functional
responses (see Figure 5). [0033] In conclusion, we
have demonstrated that chimeras based upon the
monomeric GTPases ras and rap, alone or in combination
with other genes, enable robust  pharmacological
responses to a wide variety of GPCRs to be measured in
a homogeneous,  single configuration. In the context
of the R-SAT functional platform, the format described
above is well suited to high-throughput applications
for the GPCRs superfamily and is  ideally suited to
the study of orphan GPCRs. Based on the principles
described in this  paper, it should be possible to
configure R-SAT for a much wider array of gene
families  than previously appreciated. Although
preferred embodiments utilize R-SAT technology,  other
assay formats besides R-SAT can be used to practice
the disclosed invention. -12 WO 2005/042574
PCT/US2004/036595  Experimental Methods [0034] Cell
culture. NIH 3T3 cells were incubated at 37 C in a
humidified  atmosphere (5% C02) in Dulbecco's modified
Eagles medium supplemented with 4500  mg/1 glucose, 4
nM L-glutamine, 50 U/ml penicillin G, 50 U/ml
streptomycin (A.B.I.) and  10 % calf serum (Sigma).
Pertussis toxin was from Calbiochem. [0035]
Constructs. All receptors used in the examples below
were cloned  using polymerase chain reaction using pfu
Turbo and the following primer pairs: A Pstl - KpnI
PCR fragment encoding amino acids 61-184 of rap1B
together with a Xho I-Pst I  PCR fragment encoding
amino acids 1-60 of ras (33) was ligated to KpnI -
Xhol digested  pBluescript. The resulting ras-rap1B
fragment was then excised with Kpnl - Notl,  subcloned
into pCI (Promega), excised from pCI with Mlul - NotI,
and subcloned into pSI  (Promega). Amino acids Ser 179
and Ser 180 were mutated to alanines using the
Quickchange mutagenesis kit (Stratagene) to create the
construct used in these studies. All  clones were
sequence verified. Adenylyl cyclase Type 11 has been
described (34, generous  gift of Dr. P. Ram). 



[0036] Functional assays. Receptor Selection and
Amplification  Technology (R-SATTM) assays were
performed as follows: Cells were plated one day
before transfection using 2x106 cells in 20 nil of
media per 15 cm plate, 2x105 cells in 2 ml  of media
per 6-well plate, or 7.5x103 cells in 0.1 ml of media
per well of a 96-well plate.  Cells were transiently
transfected using Superfect (Qiagen) according to the
manufacturers  instructions using 1-20 ng/well of
receptor DNA per well of a 96-well plate, 20 ng/well
ras/rap chimera, 2 ng/well adenylyl cyclase Type II,
and 30 ng/well pSI-B-galactosidase  (Promega, Madison,
WI) and proportionately more or less for bigger dishes
respectively.  One day after transfection media was
changed and cells were combined with ligands in  DMEM
supplemented with 2% cyto-SF3 synthetic supplement
(Kemp Laboratories)  instead of calf serum to a final
volume of 200 ul/well. For 15 cm plates cells were
trypsinized and aliquoted into the wells of a 96-well
plate (100 ul/well) or frozen in aliquots  for future
use and then subsequently combined with ligands as
described above. One 15- cm2 plate yields enough cells
for two 96-well or 384-well plates. After five days in
culture  B-galactosidase levels were measured
essentially as described (35). The media were
aspirated from the wells and the cells rinsed with
phosphate buffered saline (PBS), pH=7.4.  200 ul of
PBS with 3.5 mM o-nitrophenyl-B-D-galactopyranoside
and 0.5% nonidet P-40  (both Sigma, St. Louis, MO) was
added to each well and the 96-well plates were
incubated  -13 A  WO 2005/042574 PCT/US2004/036595 at
room temperature. After 3 hr the plates were read at
420 nm on a plate-reader (Bio-Tek  EL 310 or Molecular
Devices). Dose response data from R-SAT assays were
fit to the  equation: R = D + (A - D) / (1 +(x / c))
where A = minimum response, D = maximum response and c
= EC50 (R = response, x =  concentration of ligand).
Cyclic AMP assays were performed using the Biotrak
assay kit  (Amersham) according to the manufacturers
instructions. [00371 PI turnover assay: Phosphotidyl
jnositol hydrolysis assays were carried  out in tsA
cells (a transformed HEK 293 cell line). Briefly, tsA
cells were plated one day  before transfection using
1.2x105 cells in 0.1 nil of media per well of a
96-well plate. Cells  were transiently transfected as
described above using 30 ng receptor per well of a
96-well  plate. 24-hours post-transfection, the cells
were labeled for 18h in culture medium  



(0.lml/well) containing 2uCi/ml of myo-[2-3H] inositol
(21Ci/mmol, Perkin-Elmer Life  Sciences, Boston, MA).
The medium was removed and replaced with Hanks
balanced salt  solution containing 1mM CaC12, 1mM
MgC12, 20mM LiCl and 0.1% BSA. The cells were  then
incubated with ligands for 45min at 37C. The reaction
was stopped using 150ul/well  ice-cold 20mM formic
acid. Separation of total [3H] inositol phosphates was
carried out by  ion-exchange chromatography on
lml-minicolumns loaded with 200ul of a 50% suspension
of AG 1-X8 resin (200-400 mesh, Formate form, Bio-Rad,
Hercules, CA). Total [3H]- inositol phosphates were
counted on LS 6500 Multi-Purpose Scintillation Counter
(Beckman Coulter, Fullerton, CA). [0038] Intracellular
cyclic AMP assay: HEK293 were plated one day before
transfection using lxlO5 in 0.1 ml of media per well
of a 96-well plate. Cells were  transiently
transfected as described above with using 20 ng
receptor per well of a 96-well  plate. At 18-20h
post-transfection, the medium was removed and the
cells were incubated  overnight with 200ullwell of
2.0% cyto-sf3/0.5% fetal serum/1% PSG/DMEM.
Approximately 40-44 hours post-transfection, medium
was replaced with serum-free  DMEM/0.1% BSA containing
0.45mM ]BMX for 30min (O.lml/well), then ligands were
added for an additional 15 min. The reactions were
stopped by exchanging the buffer with  200ul/well of
diluted lysis reagent B (Amersham) and agitating the
plates for 10 min. The  assay plates were either
stored at -80C or processed immediately using the cAMP
enzyme  immunoassay (EIA) assay kit (Amersham
Pharmacist Biotech UIK, Buckinghamshire,  England)
according to the manufacturers instructions. -14 WO
2005/042574 PCT/US2004/036595  Example 1 [0039] This
example describes and validates the construction and
operation of a  reporter chimera and a mutant reporter
chimera each comprised of ras sequence fused to rap
sequence. [0040] The rap GTPases integrate signaling
inputs from Gq, Gs and Gi linked  GPCRs (23-29) and
ras GTPases stimulate cellular growth in most cell
types, thus in  principle, ras/rap chimeras which
respond to rap inputs, but which mediate ras outputs
would link Gq, Gs and Gi derived signals to cellular
proliferation. A diagram of this  scheme is shown in
Figure 1. Previously it was shown that certain
chimeras between ras  and rap retained the ability to
transform NII33T3 cells (33), but in that study only
GTPase  



deficient (deregulated) mutants were used, thus only
the effector functions, but none of the  regulatory
functions of these chimeras were defined. In agreement
with those earlier  findings, we found that expression
of the GTPase impaired mutant forms (derived from
viral-ras, denoted v-) of ras, or a chimera between
ras and raplA strongly stimulated  cellular
proliferation whereas the wild type versions did not
(Figure 2A). To determine if  non-GTPase impaired
ras/rap chimeras could stimulate cellular growth, we
constructed a  series of chimeras containing amino
acids 1-60 of c-ras with amino acids 61-184 of rap1B
or a mutant form of raplB in which the consensus site
of phosphorylation by PKA (Ser179  and Serl80, see
36), were mutated to alanines (see Figure 1) and
co-expressed these  chimeras with exchange factors
known to activate rap. Both EPAC and C3G, which are
rap-selective exchange factors, induced robust
responses in R-SAT when co-expressed with  ras/rap
chimeras (Figures 2B, 2C). No significant response was
observed to the ras/rap  chimeras expressed alone and
only modest responses were observed to either exchange
factor expressed alone. In addition, EPAC, which is
activated by the second messenger  cyclic AMP (28,29),
was further stimulated by 8-Br cAMP to induce
ras/rap-dependent,  responses (see Figure 2D)
indicating that regulatory controls were preserved at
least 2 steps  upstream from ras/rap activation. Thus,
these ras/rap chimeras stimulate cellular
proliferation in a regulated manner. [0041] To assess
the specificity of these interactions, the growth
promoting  effects of the ras-selective exchange
factor SOS2 (37) and the rap-selective exchange
factors described above were tested with ras/rapAA or
ras. As shown in Figure 2E, EPAC  and C3G induced
significant responses only when co-expressed with
ras/rapAA whereas  SOS2 induced significant responses
only when co-expressed with ras. Thus, the sequence
-15 WO 2005/042574 PCT/US2004/036595  determinants for
GEF specificity are contained within the C-terminal
portions of ras and  rap, starting from the switch II
region. These results are consistent with a recent
study  showing that the switch II region is most
critical for guanine nucleotide exchange factor
recognition of ras and rap (38). Together these
results indicate that the ras/rap chimeras are  able
to receive specific signaling inputs from a rap signal
transduction pathway, and  transduce signaling outputs
that transform cells with similar efficacy to ras.
Example 2 [0042] This example demonstrates the utility
of redirecting signaling pathways  



from non-proliferative to proliferative signals using
helper genes. [0043] Given that many GPCRs can
activate rap we tested whether or not non-
transforming GPCRs could stimulate cellular
proliferation through the ras/rap chimeras. As  shown
in Figure 3A and 3B, the Gs-coupled Dl dopaminergic
receptor, which stimulates  production of cyclic AMP,
and the Gi-coupled 5HT1E serotonergic receptor which
selectively couples pertussis toxin sensitive
G-proteins were unable to produce responses in  R-SAT
alone. However when these same receptors were
co-transfected with ras/rapiB or  ras/rapAA, robust
agonist dependent responses were observed in R-SAT.
Consistently we  observed that responses were higher
to the ras/rapAA construct indicating that
phosphorylation by PICA was unnecessary.
Ligand-binding studies showed that expression  of
ras/rap did not significantly affect expression of
either Dl (2.6 pmollmg alone vs. 2.4  pmollmg in the
presence of ras/rap) or 5HT1E (1.4 pmol/mg alone vs.
1.3 pmollmg in the  presence of ras/rap). Thus Dl and
5HT1E mediated proliferative responses were most
likely due to activation of ras/rap and not because of
up-regulation of the receptors. Example 3 [0044] This
example demonstrates some enabled receptors utilize
Gi. [0045] To evaluate the role of Gi-family
G-proteins in mediating responses to  Dl and 5HT1E,
cellular proliferation was examined in the presence of
pertussis toxin. As  shown in Figure 4A, pertussis
toxin completely blocked ras/rap dependent responses
to  5HT1E confirming that these responses were
transduced through Gi-family G-proteins. In  contrast,
pertussis toxin did not block, and slightly increased
ras/rap dependent responses to  Dl confirming that Dl
mediates stimulatory responses through pertussis
insensitive G- proteins. Similar results were obtained
with other Gi-linked receptors (Figure 4B). -16 WO
2005/042574 PCT/1JS2004/036595  Example 4 [0046] This
example demonstrates the use of a particular helper
construct and a  mixture of helper genes. [0047] We
next wished to determine whether other signal
transduction  components could augment ras/rap
dependent activity. Type II adenylyl cyclase (AC2) can
be, activated both by GaS and beta-gamma subunits
released by Gai (39) and thus could  potentially
augment Gs and Gi-regulated ras/rap dependent
activity. As shown in Figure  5A, the response to Dl
was significantly increased with the addition of Type
II adenylyl  



cyclase. Similarly, ACII augmented responses to
Gi-linked receptors such as D2 (Figure  5B). However
unlike ras/rapAA, ACII itself did not significantly
enable Gi- or Gs-linked  receptors, though it did
augment ras/rap dependent responses (Figure 5C-5E).
Therefore,  for subsequent studies, both ras/rapAA and
ACII were included in the transfections and
henceforth will collectively be referred to as `helper
genes'. [0048] Besides ACII, we observed that
co-transfection of other genes with  ras/rapAA
augmented ras/rap dependent responses to receptor
stimulation. BarkCT is the  carboxy-terminal fragment
of beta-adrenergic receptor kinase or GRK2, avidly
binds to  Gbeta-gamma subunits, and therefore inhibits
beta-gamma dependent signal transduction  pathways
(see 60). We were able to confirm that BarkCT inhibits
beta-gamma stimulated  cellular proliferation as did
Transducin, another known scavenger of beta-gamma
subunits  (Figure 5F). However co-expression of BarkCT
with ras/rapAA augmented agonist- dependent responses
to Dl and MC4 (Figure 5G and 5H) although
co-expression of  BarkCT alone with D1 did not. [0049]
Rae is a ras-related GTPase that is required for
GPCR-mediated  stimulation of cellular proliferation
in NIH3T3 cells (32). As shown in Figure 5H,
overexpression of rac with BarkCT and ras/rapAA
significantly amplified agonist  dependent responses
to MC4 demonstrating that overexpression of
endogenously expressed  genes improves the signal to
noise ratio of this functional assay. This result also
demonstrates the utility of co-expressing a mixture of
`helper genes' to improve assay  performance. Example
5 [0050] This example demonstrates the general utility
of the described methods  for enabling assays for Gs
and Gi-linked GPCRs. -17 WO 2005/042574
PCT/US2004/036595  [0051] To generalize these findings
to other GPCRs, a panel of receptors that are known to
robustly stimulate the production of cyclic AMP were
tested for the ability to  produce functional
responses in R-SAT either in the presence or the
absence of helper  genes. As shown in Figure 6A, a
panel of GPCRs coupled to Gas (beta2 adrenergic, 5HT7
serotonergic, CRF1, MC4 melanocortin, and lP
prostanoid) induced little or no response in  the
absence of helper genes but induced robust responses
in the presence of helper genes.  Similarly, a group
of receptors known to couple PTX-sensitive, Gai
G-proteins (alpha2C  



adrenergic, D2 dopaminergic, H3 histaminergic, and
SST5 somatostatin, see Figure 6B)  were tested for the
ability to produce functional responses in R-SAT
either in the presence  or the absence of
co-transfected helper genes. As for the Gas-coupled
receptors, all of the  Gai -coupled receptors produced
robust responses in the presence but not the absence
of  helper genes. There were no significant responses
to any tested ligand on untransfected  cells or cells
only transfected with helper genes. Example 6 [0052]
This example demonstrates that the described assay of
GPCR function  does not preclude measuring responses
to receptors that do not require helpers. [0053]
Besides Gs and Gi-linked receptors, it would be
desirable to be able to  assay Gq and G12/13-linked
receptors using the same assay format, particularly
when the  coupling preferences of the GPCR being
tested are unknown, i.e. orphan receptors.  Responses
to Gq and G12/13 linked receptors can be measured
without needing  heterologous expression of accessory
proteins, thus we tested whether or not co-expression
of ras/rapAA and AC11 significantly altered the
pharmacological responses to receptors that  are known
to couple Gq and Gl2/13 proteins such as ml, m5,
alphalb, Hl, CCKa and  PAR2. As shown in Figure 6C,
co-expression of helper genes did not significantly
alter  the pharmacological responses to these
receptors. Thus through the use of the helper genes
described above, one can configure a single assay
format compatible with most GPCRs, a  particularly
desirable property for the functional evaluation of
orphan GPCRs. Example 7 [0054] This example compares
results to data from other functional assays.  [0055]
We then compared the observed pharmacological
responses determined  using R-SAT with data derived
from second messenger assays. As shown in Figure 10,
the  EC50s for cyclic AMP production by receptors
known to couple Gas were in good  -18 WO 2005/042574
PCT/US2004/036595  agreement with the EC50s obtained
in R-SAT. A slight increase in potency in R-SAT
compared to cyclic AMP assays was observed for most of
the tested receptors indicating  that R-SAT was
slightly more sensitive than cyclic AMP measurements.
Likewise, for the  Gai coupled receptors evaluated
there was good correlation between the EC50's obtained
from cyclase inhibition assays and the EC50's obtained
in R-SAT. Finally, the ligand  potencies at Gq-
G12/13-coupled receptors were nearly the same in
phosphatidyl inositol  



hydrolysis assays compared to R-SAT either with or
without helper genes. Thus the  pharmacology observed
for helper gene enabled responses is predictive of the
pharmacology observed for commonly used second
messenger assays. Example 8 [0056] This example
demonstrates the general utility of the described
invention  with a large number of receptors which do
or do not require helper genes. [0057] To assess the
general utility of helper genes for enabling detection
of  functional responses in a homogeneous format, a
large array of GPCRs encompassing Gs,  Gi, Gq and
G12/13 linked GPCRs were tested in R-SAT, all using
the helper gene assay  format described above. These
receptors utilize small molecules, lipids, peptides,
and ions  for natural ligands, and are classified as
family A, B and C type GPCRs. We observed that  90% of
the tested receptors were able to mediate potent
functional responses with a signal  to noise ratio of
at least 3 fold using the assay format described above
(see Table 1). -19 WO 2005/042574 PCT/US2004/036595
Table 1. G-pro Receptor Fold pEC50 G-pro Receptor Fold
pECso Gpro Receptor Fold pEC50  Gi 5ht1A 6.9 7.4 Gq
5ht2A 3.1 9.1 Gs 5HT4A 3.3 6.0  Gi 5ht1B 2.5 8.8 Gq
5ht2B 3.0 6.4 Gs 5ht6 2.6 5.4  Gi 5ht1D 1.5 10.7 Gq
alphala/C 5.1 6.8 Gs 5ht7A 4.5 9.8  Gi 5ht1E 4.3 7.7
Gq alphalb 5.1 6.9 Gs Ala 6.9 8.3  Gi 5ht1F 4.0 8.0 Gq
AT1 1.9 8.8 Gs A2b 5.1 8.1  Gi Al 5.5 7.8 Gq BK1 12.7
5.9 Gs betal 7.5 5.7  Gi A3 3.3 7.5 Gq BK2 4.3 6.3 Gs
beta2 4.2 8.6  Gi alpha2a 7.0 7.6 Gq CasR wt 7.0 2.3
Gs beta3 4.5 6.9  Gi alpha2b 8.6 6.8 Gq CCKa 11.0 9.6
Gs Calcitonin 4.6 9.8  Gi alpha2C 6.7 7.4 Gq CCKb 30.1
8.6 Gs CRFI 6.7 4.4  Gi CB1 7.3 7.8 Gq ETA 9.3 11.9 Gs
Dl 6.8 7.5  Gi CH11-1 2.8 6.9 Gq ETB 14.8 10.3 Gs D5
4.5 7.4  Gi CH11-5 7.3 5.8 Gq FP 10.7 8.7 Gs DP 2.3
11.4  Gi CX3CR1 2.5 10.2 Gq GHSRIA 2.1 7.7 Gs EP2 3.2
8.7  Gi D2 7.3 8.7 Gq H1 8.8 7.3 Gs EP4 3.3 8.6  Gi D3
2.5 8.9 Gq Ml 5.5 6.4 Gs GLP-1 3.5 7.4  



Gi EP3'D" 2.8 7.9 Gq M3 11.1 6.7 Gs Glucagon 3.3 9.6
Gi GABAb 3.8 7.1 Gq M5 12.7 6.4 Gs H2 3.2 7.7  Gi H3
2.4 7.1 Gq NK1 2.5 7.7 Gs if 7.4 0.0  Gi H4 1.6 7.9 Gq
NK2 3.5 7.9 Gs MC4 6.4 9.8  Gi Kappa opioid 3.5 7.8 Gq
NK3 3.8 7.6 Gs PAF 12.1 10.5  Gi M2 4.1 6.8 Gq PAR1
14.0 4.9 Gs PTH1R 5.0 8.6  Gi M4 7.9 5.8 Gq PAR2 12.0
4.5 Gs secretin 4.0 9.1  Gi MT-1 3.1 7.2 Gq PAR4 7.8
2.9 Gs V2 3.5 10.2  .Gi MT-2 3.7 7.2 Gq TP 3.8 8.5 Gs
VIP1 2.2 10.2  Gi Mu opioid 2.9 7.2 Gq urotensin-11
2.7 9.5 Gs VIP2 5.5 8.3  Gi NPFF2B 8.6 5.2 Gq ViA 9.7
9.4 Total: 26 24  Gi NPY1 2.8 9.5 Gq VIB 9.4 9.3 Gi
NPY2 3.1 9.0 Total: 28 26  Gi NPY5 2.6 7.2 Gi ORL-1
6.3 6.7  Gi SST3 2.7 9.0 Gi SST-2 326 7.7 Shown are
the number of receptors tested, and the number  Gi
SST-5 23 6.8 that produced a 2.5-fold response or
greater Total: 34 32 -20 WO 2005/042574
PCT/US2004/036595  Example 9 [0058] This example
demonstrates the use of the disclosed methods for
evaluating function of genes with unknown function.
[0059] Given the absence of available ligands, it is
necessary to measure  constitutive responses to
functionally evaluate orphan GPCRs. Previously we
showed that  constitutive activity of Gq-linked GPCR5
could be induced by co-expressing the alpha  subunit
of Gq (40,41). Using the helper genes described in
this paper, we reasoned that it  should also be
possible to detect constitutive responses of Gs- and
Gi-linked orphans as  well as Gq-linked orphans. GPR3,
GPR6, and GPR12 are three highly related orphan  GPCRs
that couple Gs (42-44). Drr5, MrgD, and MrgX4 are part
of another highly related  family of orphans known as
the mas-like GPCRs (45). To date, little is known
about the  functional properties of the mas-like
GPCRs. To assess the utility of helper genes for the  



functional characterization of these orphan GPCRs, we
expressed each orphan at increasing  doses of
transfected piasmid, either alone or in the presence
of ras/rapAA & ACII or Gaq. [0060] As shown in Figure
7A, the three mas-like orphans displayed dose-
dependent constitutive activity whether or not they
were co-expressed with helper genes,  but were
especially robust when co-expressed with Gaq
suggesting they primarily couple  Gaq. This
observation was confirmed using phosphatidyl inositol
(PI) hydrolysis assays  where each receptor
constitutively stimulated PI turnover. In the case of
GPR3, 6, & 12,  robust constitutive activity was only
observed in the presence of helper genes indicating
they are most likely Gai or Gas coupled (Figure 7B).
Direct measurement of cyclic AMP  accumulation
confirmed that GPR3 and GPR12 strongly couple Gas
whereas GPR6 was  only weakly coupled. In the presence
of pertussis toxin, the helper gene dependent
response to GPR6 was significantly blunted whereas the
responses to GPR3 and GPR12  were hardly affected
indicating GPR6 couples Gai-type G-proteins (Figure
7C). Direct  comparison of GPR3 and GPR12 to the
mas-like GPCRs in cyclic AMP assays confirmed  the
predictions of signaling specificity based upon the
R-SAT data (Figure 7D). Thus,  functional
characterization of orphan GPCRs is feasibly using the
strategies outlined in this  paper. Example 10 [0061]
This example shows how the disclosed methods can be
used to screen  for candidate molecules with activity
against a particular receptor. -21 WO 2005/042574
PCT/US2004/036595  [0062] To demonstrate the utility
of these methods for drug discovery, cells were
transfected with the beta2 receptor, 5HT7 receptor,
and the secretin receptor and a  mixture of ras/rapAA,
ACII, BarkCT, rac, and beta-galactosidase and used to
screen a  library of 210,000 compounds for agonist
activity at these receptors. Using these methods  we
successfully identified 8 compounds that were agonists
at the beta2 receptor; a  representative plate with 2
hits is shown in Figure 8. Also shown is an example of
profiling  one of the hits against other receptor
subtypes; this compound was also a potent betal
agonist but had no activity at the beta3, Dl, D2 or D3
receptor subtypes. In all cases the  activity of these
compounds was only apparent on cells expressing both
the receptor and  helper genes described above; no
activity was seen in cells expressing the receptor
alone,  the helpers alone, or other receptor subtypes
and the helpers. These results demonstrate the  



utility of this `helper gene' strategy for drug
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91(26):12706-10. -27 (WHAT IS CLAIMED IS: 1. A method
of determining whether a substance is a ligand for a
G-protein coupled receptor  (GPCR), comprising: (a)
providing a cell culture which comprises cells
comprising a first nucleic acid which  encodes a GPCR
which increases or decreases cellular proliferation
through a GPCR  cascade in response to a ligand, a
second recombinant nucleic acid which encodes a
marker indicative of the extent of cellular
proliferation, and a third recombinant nucleic  acid
encoding a Ras effector domain; (b) contacting said
cell culture with a test compound; and  (c)
determining the level of cellular proliferation. 2.
The method of Claim 1, wherein said third recombinant
nucleic acid further comprises a Rap  input domain
operably coupled to said Ras effector domain. 3. The
method of Claim 2, wherein the Rap sequence does not
contain any mutations. 



4. The method of Claim 2, wherein the Rap input domain
includes at least one missense  mutation. 5. The
method of Claim 4, wherein said at least one missense
mutation in said Rap protein  prevents phosphorylation
of said Rap input domain. 6. The method of Claim 1,
wherein the Ras effector domain is not
GTPase-deficient. 7. The method of any of Claims 1 or
2, wherein said population of cells further comprises
a  fourth recombinant nucleic acid construct that
operably encodes a helper protein. 8. The method of
Claim 7, wherein said helper protein functions
upstream of the Rap input  domain in the G protein
coupled receptor signal transduction cascade. 9. The
method of Claim 7, wherein said helper protein
functions downstream of the Rap 40 input  domain in
the G protein coupled receptor signal transduction
cascade. 10. The method of Claim 7, wherein said
helper protein reduces the signal transduction through
G protein coupled receptors other than the recombinant
G protein coupled receptor encoded on  the first
recombinant nucleic acid. 28 11. The method of Claim
7, wherein said helper protein amplifies the
proliferation through the  Ras effector domain. 12.
The method of Claim 11, wherein said helper protein is
a Gf3y scavenger.  13. The method of Claim 12, wherein
said Gf3y scavenger is Transducin. 14. The method of
Claim 12, wherein said Gf3y scavenger is BarkCT. 15.
The method of Claim 10, wherein said helper protein is
a fragment of a G protein coupled  receptor other than
the G protein coupled receptor encoded by said first
recombinant nucleic  acid. 16. The method of Claim 8,
wherein said protein that functions upstream of the
Rap input 20  domain is a Ga protein. 17. The method
of Claim 16, wherein said Go protein is selected from
the group consisting of  Gas, Gaq, Gal, and Ga12n3.
18. The method of Claim 8, wherein said helper protein
is a guanine nucleotide exchange factor  (GEF). 19.
The method of Claim 18, wherein said helper protein is
EPAC.  20. The method of Claim 18, wherein said helper
protein is C3G.  21. The method of Claim 8, wherein
said helper protein is a cyclase. 22. The method of
Claim 21, wherein said cyclase is an adenylyl cyclase.



23. The method of Claim 22, wherein said helper
protein is adenylyl cyclase II (ACII).  24. The method
of Claim 8, wherein said helper protein is a GTPase.
25. The method of Claim 24, wherein said GTPase is
Rae. 26. The method of Claim 1, wherein said G-protein
coupled receptor is a GS linked G protein  coupled
receptor. 27. The method of Claim 1, wherein said G
protein coupled receptor is a G;-linked G protein
coupled receptor. 29 28. The method of Claim 1,
wherein said G protein coupled receptor is a Gq-linked
G protein  coupled receptor. 29. The method of Claim
1, wherein said G protein coupled receptor is a
G12/G13 linked protein  coupled receptor. 30. The
method of Claim 1, wherein said step of determining
said level of cellular proliferation  comprises
transfecting said cell culture with a fourth nucleic
acid that encodes 3 galactosidase  and measuring the
amount of 0-galactosidase activity of said cell
culture. 31. The method of Claim 1, wherein the step
of determining the level of cellular proliferation
comprises performing an R-SAT(r) assay. 30 


