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GPCR (G Protein-Coupled Receptor)

-GPCRs constitute the largest family of membrane receptors
(Particularly, seven transmembrane receptor (7TM))

-Activate G protein on ligand binding

-Analysis of the human genome predict between 800 and 1000 (350?) GPCR genes.
Among them about 150 receptors are orphan

(their endogenous ligands and biological functions have not been uncovered yet )



GPCR signaling
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GPCR signaling
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GPCR as a drug target
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-In 2001, 50% of all newly launched drugs targeted GPCR and annual sales of
these drugs was over 30 billion doller.

-It is estimated that 25% of the 100 top-selling drugs target GPCRs.



GPCR and Nobel Prize
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GPCR signaling analysis (method)

Table 1

Common functional assays for screening GPCRs.

Assay Biological measurement  Kit reagents Basis Endpoint Advantages Disadvantages
(company)
[*°S)GTPyS Membrane-based GPCR- [*S]GTP+S Ireversible [*S]GTPyS Radiometric Proximal to receptor Radioactive, non-
binding mediated guanine binding to receptor- activation homogenous,
nuclectide exchange activated G proteins requires a filtration
step

Eu-GTP™ Membrane-based GPCR- Europium-GTP Binding of europium- Time-resclved  Proximal to receptor Mon-homogenous,
binding (Perkin  mediated guanine labeled GTP to receptor- fluorescence activation, requires a filtration
Elmer) nuclectide exchange activated G proteins nonradioactive step
spa™ (GE Cell- or membrane-based, Assay buffer, ELISA based-competition Radiometric Sensitive, Radioactive,
Healthcare) cAMP accumulation SPA™ beads  of cAMP with ['*°l]cAMP homogenous, relatively expensive

conjugated for binding to MAD amenable to

with a cAMP  conjugated to SPA™ automation

MAD, beads, loss of signal due

[*““camp to reduced proximity

of [**?ljcAMP and the SPA™
bead

FlashPlate™ Cell- or membrane-based, Buffer, ELISA based-competition RBadiometric Homogenous, Radioactive,
(Perkin Elmer)  cAMP accumulation FlashPlate™  of cAMP with ['*llcAMP amenable to relatively expensive

with cAMP for binding to cAMP MAD automation

MAb attached, conjugated to scintillant-

[*““camp coated wells, loss of

signal due to reduced
praximity of ['**[lcAMP
and MADb in wells
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AlphaScreen™
(Perkin Eimer}

Fluorescence
polarization
(Perkin Elmer,
Molecular
Devices, GE
Healthcare)

HTRF cAMP
(Cisbio)

HitHunter™™
(DiscoveRx)

IP Accumulation

Cell-based cAMP
accumulation

Cell- or membrane-based

cAMP accumulation

Cell-based, cAMP
accumulation

Cell-based, cAMP
accumulation

Cel-based IP
accumulation

cAMP MAD
conjugated
acceptor bead,
streptavidin-
coated donor
beads with
chemi-
luminescence
compound,
biotinyl-cAMP

cAMP MAbD,
fluorescent-
labled camp

cAMP MAD
conjugated
with
eurocryptate,
acceptor
molecule
labeled camp

cAMP MAD,
ED-cAMP
conjugated
peptide,
acceptor
protein, lysis
buffer

MNone

cAMP competes with Luminescence
biotinyl-cAMP binding to

high-affinity streptavidin-

coated donor beads, loss

of signal due to reduced

proximity of acceptor-

donor bead

cAMP competes with Fluorescence

Fluor-cAMP binding to polarization
cAMP MADb, loss of

signal due to decrease in

rotation and polarization

cAMP competes with Time-resolved

acceptor-labeled cAMP fluorescence
binding to europium-

conjugated cAMP MAb,

loss of signal due to

reduced europium-

acceptor molecule

proximity

Fluorescence or
luminescence

cAMP competes with
ED-cAMP for
complementation of
p-Gal activity with
binding of acceptor
peptide, loss of signal as
enzyme complementation
is reduced

Filtration to separate Radiometric

[*Hjinositol and [PH]IPs

High sensitivity,
homogenous,
amenable to
automation, cost
effective, broad
linear range of
detection

Homogenous,
amenable to
miniaturization
and automation

Broad linear range,
high signal-to-noise,
homogenous,
amenable to
automation

Low compound
interference, high
sensitivity,
homogenous,
amenable to
automation

Sensitive, can be
used for
constitutively active
Ggy-coupled GPCRs

Temperature- and
light-sensitive, color
quenching, special
endpoint detector
required

Lower signal-to-
noise (may be
improved with red-
shifted dyes)

Relatively expensive

Low throughput,
some automation

possible
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Table 1 Continued

Assay Biological measurement  Kit reagents Basis Endpoint Advantages Disadvantages
([compary)
IP,™ (Cisbio) Cell-based IP, Europium- Loss of signal as IP, Time-resolved  Sensitive, Limited industrial
accumulation conjugated IPy competes for binding of fluorescence homogenous, validation
MAb, acceptor- acceptor-labeled IP4 amenable to
labeled IP, binding to europium-MAD automation, can be
used for
constitutively active
Gg-coupled GPCRs
FLIPR™ Cell-based, increases in Calcium Increased fluorescence Fluorescence Sensitive, Cannot be used for
(Molecular intracellular calcium sensitive dye:  as intracellular dye homogenous, inverse agonist
Devices) Calcium-3 binds calcium amenable to sSCreens,
automation flucrescence
quenching
AequoScreen ™ Cell-based, increases in Cells lines Calcium-sensitive Luminescence Sensitive, Cannot be used for
(EuroScreen) intracellular calcium expressing aequorin generates a homogenous, inverse agonist
select GPCRs  luminescent signal when amenable to sSCreens
along with a coelenterazine automation
promiscuous derivative is added
or chimeric G
proteins and a
mitochondrially
targeted
version of
apoaequorin
Reporter gene Cell-based, increases in  Several GPCR changes in Fluorescence, Cost effective, Long incubations
reporter gene expression  promotor secondary messengers luminescence, sensitive, and high false-
due to increases in plasmids and  alter expression of a absorbance homogenous, positive hit rate,
second messengers reporters are selected reporter gene amplification of distal to receptor
commercially signal activation
available
Melanophore Cell-based, changes in Mone Melanosomes aggregate Absorbance Sensitive, Time-consuming to
(Arena pigment dispersion with inhibition of PKA, homogenous, no produce stable cell

Pharmaceuticals)

disperse with activation
of PKA or PKC

cell lysis, amenable
to automation

lines expressing
GPCRs

Abbreviations: B-Gal, B-galactosidase; ED-cAMP, enzyme fragment donor-cAMP conjugate; Eu-GTP, europium-labeled GTP; IP, inositol phosphate;
MADb, monoclonal antibody; PKA, protein kinase A; PKC, protein kinase C; SPA, scintillation proximity assay; TRF, time-resolved fluorescence.

Current Opinion in Biotechnology 2005, 16:655-665



FRET based HTRF (Homogeneous time resolved fluorescence)
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TGFx shedding assay: an accurate and versatile
method for detecting GPCR activation
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What is the shedding assay?

-In which GPCR activation is measured as ectodomain shedding of a membrane-bound proform
of alkaline phosphataseil tagged TGFa (AP-TGFa) and its release into conditioned medium.

-AP-TGFa shedding response occurred almost exclusively downstream of Ga ;3
and Ga,, signaling

-Relying on chimeric Ga proteins and promiscuous Ga 4 protein, which can couple with Ga.-
and Ga;-coupled GPCRs and induce Ga,, signaling, it is possible to detect Ga- and Ga;-
coupling signaling

LPA-producing enzyme PA-PLA,a regulates hair
follicle development by modulating EGFR

signalling

Asuka Inoue'?*, Naoaki Arima’,

Jun Ishiguro’, Glenn D Prestwich?,
Hiroyuki Arai** and Junken Aoki'>#
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The principle and data proces/sing of t
NO,
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GU-coupl ed /amaipled GPCRs efficiently induce AP-T GF U r e
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GPCR-induced AP-T
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Mechanistic scheme of the TGFa shedding assay




