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(54) MUTANT GPCRS

(57) There is provided a G protein coupled receptor (GPCR) or a polynucleotide encoding said GPCR for use as a
vaccine. There is also provided methods of antagonising or agonising a GPCR in vivo comprising the administration of
a GPCR or a polynucleotide encoding a GPCR to a subject.

The invention further provides a GPCR for use in inhibiting an activity of a GPCR binding partner in a subject.
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Description

[0001] The present invention relates to the use of G-protein coupled receptors (GPCRs) or polynucleotides encoding
said GPCRs, as a vaccine.
[0002] GPCRs constitute a very large family of proteins that control many physiological processes and are the targets
of many effective drugs. Thus, they are of considerable pharmacological importance. A list of GPCRs is given in Foord
et al (2005) Pharmacol Rev. 57, 279-288, which is incorporated herein by reference. GPCRs are generally unstable
when isolated, and despite considerable efforts, it has only been possible to crystallise bovine rhodopsin, which naturally
is exceptionally stable and the beta 2 adrenergic receptor which was crystallised as a fusion protein or in complex with
an antibody fragment.
[0003] GPCRs are druggable targets, and reference is made particularly to Overington et al (2006) Nature Rev. Drug
Discovery 5, 993-996 which indicates that over a quarter of present drugs have a GPCR as a target.
[0004] GPCRs are thought to exist in multiple distinct conformations which are associated with different pharmaco-
logical classes of ligand such as agonists and antagonists, and to cycle between these conformations in order to function
(Kenakin T. (1997) Ann N Y Acad Sci 812, 116-125). Switching between conformations contributes to the difficulty in
obtaining crystal structures of receptors.
[0005] The generation of conformation-specific binding partners to GPCRs is hindered by several factors. For example,
GPCRs generally have poor stability when removed from their native membrane environment that severely restricts the
range of conditions that can be explored without their immediate denaturation or precipitation. The inability to produce
purified GPCRs in their native conformation prevents their use in a wide range of screening paradigms which depend
on the use of purified receptors. Thus, GPCR screening has traditionally depended on assays in which the receptor is
present in cell membranes or whole cells.
[0006] Many GPCRs represent important therapeutic targets which could be exploited by biotherapeutics such as
antibodies. The generation of therapeutic antibodies for GPCRs has been extremely difficult. The usual route taken to
produce antibodies would be to use small peptide fragments of the receptor for immunization. However such fragments
do not retain their native conformation and often result in antibodies that can bind to and label the receptor but have no
functional agonist or antagonist activity. Due to the unique physical conformation of GPCRs it is also known that bio-
therapeutics such as antibodies recognise combinations of polypeptide ’loops’, features that are lost when peptide
fragments are used in isolation. It is well known that the local membrane environment of GPCRs maintains the tertiary
conformation of the protein, and governs which epitopes are present on the extracellular surface. These epitopes can
in theory be recognised, however it is difficult to raise antibodies to membranes or membrane fragments containing a
target GPCR as these preparations inevitably contain other non-target GPCRs and membrane-associated proteins, and
other membrane components such as lipoproteins, apolipoproteins, lipids, phosophoinsositol lipids and liposaccharides
which can act as non-desired antigens in the antibody selection and production process.
[0007] Whilst GPCRs offer great potential as therapeutic targets, we have now appreciated that one may use the
GPCRs themselves directly as a vaccine.
[0008] In a first aspect of the invention there is provided a GPCR or a polynucleotide encoding said GPCR for use as
a vaccine.
[0009] By "vaccine" we mean an immunogenic molecule that is administered to a subject or patient in order to produce
a desired effect in vivo. In the case of the GPCR molecules of the invention, this desired effect will be antagonism or
agonism of a receptor. The desired effect will depend on the receptor and biological pathway being targeted. However,
a preferred effect is a desired therapeutic or prophylactic effect.
[0010] By "GPCR" we mean a G protein coupled receptor or polypeptide that has the signalling activity of a GPCR
and retains an intact 7TM region. The GPCR molecules of the invention are preferably full length wild type sequences
including natural polymorphisms or mutant GPCR molecules that have been altered so as to improve one or more
properties of the GPCR e.g. stability.
[0011] The GPCRs of the invention can include wildtype and mutant GPCRs wherein mutant GPCRs may be stabilised
GPCRs biased towards a particular conformation such as agonist or antagonist. Such conformationally stabilised GPCRs
are then used for vaccination.
[0012] Either a polynucleotide sequence (eg DNA) or protein can be administered to harness the patient’s immune
response in order to stimulate the generation of an individual’s own antibodies to produce the desired effect in vivo. It
is preferred if the vaccine comprises an expression vector comprising a GPCR sequence which can be expressed upon
administration to a patient to produce the encoded GPCR which in turn generates an immune response to bring about
a desired effect in vivo.
[0013] We have previously developed a methodology for the stabilisation of a GPCR in a biologically relevant confor-
mation (see WO 2009/081136) describing the production of stabilised GPCRs known as StaRs that enables the purifi-
cation of recombinant G protein coupled receptors that maintain their conformation, stability and function when purified
from the cell membrane. In addition, this platform technology also provides the means to engineer receptors biased
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either towards agonist conformation or the antagonist conformation (see also Magnani et al, 2008; Serrano-Vega et al,
2008; Shibata et al, 2009). All of the preferred mutant and stabilised GPCRs described therein are preferred for use in
the present invention. Such stabilised receptors have a number of advantages, for example stability, elevated yields of
purified protein, reduced denaturation and reduced non-specific binding.
[0014] The stability of the mutant GPCRs in a range of detergents, surfactants and solubilisation buffers enables their
purification outside of their normal membrane environment. Therefore, the GPCR can be provided in an isolated form
removed from non-desired antigens such as non-target GPCRs, membrane associated proteins and other membrane
components such as lipoproteins, apolipoproteins, lipis, phosphoinositol lipids and liposaccharides.
[0015] Where a stable mutant GPCR is used in the present invention it is preferably selected and prepared using any
of the methods as described in PCT applications WO 2008/114020, WO 2009/114020 and WO 2009/081136.
[0016] Suitable GPCRs for use in the practice of the invention include, but are not limited to β-adrenergic receptor,
adenosine receptor, in particular adenosine A2a receptor, and neurotensin receptor (NTR). Other suitable GPCRs are
well known in the art and include those listed in Overington et al supra. In addition, the International Union of Pharmacology
produces a list of GPCRs (Foord et al (2005) Pharmacol. Rev. 57, 279-288, and this list is periodically updated at
http://www.iuphar-db.org/GPCR/ReceptorFamiliesForward).
[0017] The amino acid sequences (and the nucleotide sequences of the cDNAs which encode them) of many GPCRs
are readily available, for example by reference to GenBank. In particular, Foord et al supra gives the human gene
symbols and human, mouse and rat gene IDs from Entrez Gene (http://www.ncbi.nlm.nih.gov/entrez). It should be noted,
also, that because the sequence of the human genome is substantially complete, the amino acid sequences of human
GPCRs can be deduced therefrom.
[0018] Although the GPCR may be derived from any source, it is particularly preferred if it is from a eukaryotic source.
It is particularly preferred if it is derived from a vertebrate source such as a mammal or a bird. It is particularly preferred
if the GPCR is derived from rat, mouse, rabbit or dog or non-human primate or man, or from chicken or turkey. For the
avoidance of doubt, we include within the meaning of "derived from" that a cDNA or gene was originally obtained using
genetic material from the source, but that the protein may be expressed in any host cell subsequently. Thus, it will be
plain that a eukaryotic GPCR (such as an avian or mammalian GPCR) may be expressed in a prokaryotic host cell,
such as E. coli, but be considered to be avian- or mammalian-derived, as the case may be.
[0019] In some instances, the GPCR may be composed of more than one different subunit. For example, the calcitonin
gene-related peptide receptor requires the binding of a single transmembrane helix protein (RAMP1) to acquire its
physiological ligand binding characteristics. Effector, accessory, auxiliary or GPCR-interacting proteins which combine
with the GPCR to form or modulate a functional complex are well known in the art and include, for example, receptor
kinases, G-proteins and arrestins (Bockaert et al (2004) Curr Opinion Drug Discov and Dev 7, 649-657).
[0020] Preferably the GPCR has increased stability in a particular conformation relative to a parent GPCR. By increased
stability we include the meaning of a mutant GPCR showing less denaturation under denaturing conditions such as heat,
a detergent, a chaotropic agent or extreme of pH, compared to the parent GPCR.
[0021] Conveniently the stabilised GPCR has increased stability in the antagonist conformation, or in the agonist
conformation.
[0022] By "agonist conformation" we mean the GPCR exists in a three dimensional conformation that causes agonistic
effects.
[0023] By "antagonist conformation" we mean we mean the GPCR exists in a three dimensional conformation that
causes antagonistic effects.
[0024] In a further aspect of the invention there is provided a method of antagonising or agonising a GPCR receptor
in vivo comprising administering to a subject a vaccine according to the invention.
[0025] Preferably the GPCR or polynucleotide encoding the same is administered to the subject at two or more intervals.
[0026] Conveniently the subject is a mammal, preferably a human.
[0027] In one embodiment the GPCR may be combined with an adjuvant, for use as a vaccine. In the embodiment in
which the GPCR is administered as an expression vector, the expression vector may further comprise a sequence which
can be expressed to produce an adjuvant in vivo.
[0028] Adjuvant strategies are often used to enhance immune responses, however it is also known that the choice of
adjuvant has to be carefully selected for compatibility with the immunogen (as well as for use in humans). Examples of
suitable adjuvants are provided below.
[0029] Lipid A (monophosphoryl lipid A - MPL) is based on lipids extracted from bacterial membranes and may provide
stabilisation properties to a GPCR once administered into the mammalian bloodstream. MPL is also a potent stimulator
of the immune system, and has been used as an adjuvant in humans. Other adjuvants, such as Gerbu’s MM (created
specifically for generating mouse monoclonals) and Pharma (created specifically for generating antibodies in larger
mammals, such as rabbits) have also undergone preliminary evaluation. These adjuvants contain components such as
GMDP, a glycopeptide derived from L. bulgaricus cell walls that induces T-cell responses that provide long-lasting
immunity, and cationic nanoparticles in a colloidal suspension that replace the classical "water-in-oil" emulsions. Such
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adjuvants may provide further stabilisation properties to GPCRs during vaccination. Other additions to these adjuvants
include Cimetidine, which is a histamine antagonist and generally enhances immune responsivity, and Saponin, which
is used as a stimulator of the immune system. Freunds adjuvant may also be used although since it is known to be
denaturing particularly for conformational epitopes, it may not always be suitable.
[0030] Although adjuvants such as lipid A may be used it is a feature of the present invention that in certain embodiments
no adjuvants are necessary.
[0031] GPCRs naturally exist in multiple conformations ranging from the fully inactive ground state (R) to the fully
activated state (R*). For any given receptor, equilibrium exists between these two states that determines the basal level
of activity in cells. Once solubilised, a receptor may continue to exist in multiple conformations and transition between
states, which can contribute to instability and resultant unfolding. Different conformations will have different levels of
stability. The flexibility of GPCRs, which is fundamental to their signalling function, represents one of the greatest im-
pediments to maintaining the stability of solubilised receptors.
[0032] Various expression systems have been developed for the expression of GPCRs, each with their own particular
advantages and disadvantages. To dates the majority of the work has focused on four main expression systems: bacterial
(E. coli), yeasts (Saccharomyces cerevisiae, Schizosaccharomyces pombe, Pichia pastoris) insect cells (Spodoptera
frugiperda Sf9, Sf21, Trichoplusia ni Hi5 and Drosophila Schneider S2) and mammalian cells (CHO, HEK, COS-1 etc).
However, other systems have been investigated; these include cell-free expression systems and the more unusual use
of whole organisms (Drosophila melanogater, Xenopus laevis and Silkworm). All of these expression systems are ap-
plicable for the expression and purification of StaR protein.

Bacterial expression

[0033] Whilst a number of systems are available for heterologous protein production, E. coli remains one of the most
attractive because of its ease of use with respect to both cloning and the scale up of protein expression. There are two
possible strategies that may be used for the expression of GPCRs in a bacterial expression system:

(a) expression of functional, membrane-inserted receptors;
(b) expression of incorrectly folded, aggregated protein to which a refolding strategy is applied to obtain a functionally
active receptor.

[0034] Initial successes in using bacterial expression to achieve the soluble expression of functionally active GPCR
involved the use of fusion proteins, as exemplified by β2AR as an N-terminal fusion with β-galactosidase; resulting in
expression levels of 0.4 pmol/mg (Marullo et al, 1988). In addition, the combination of promoter and fusion partners can
also be used for enhanced soluble expression, for example, NTR receptor (Grisshammer et al, 1993; Tucker & Griss-
hammer, 1996) and the human adenosine A2a receptor (Weiss & Grisshammer, 2002) where the expression constructs
included an MBP fusion partner with an N-terminal signal peptide and the replacement of the tac promoter with a weaker
lac promoter. The exact role of the fusion partner is unclear, but it is thought that the MBP may drive the correct insertion
of the fused GPCR into the membrane through its translocation to the periplasm (Mancia & Hendrikson, 2007). The MBP
fusion partner also assists purification of the expressed receptor.
[0035] Other modifications that have been used to improve upon the MBP fusion system has involved the generation
of a triple-protein fusion construct (MBP-GPCR-TRX) that appears to further stabilize the receptor and improve expression
and purification (Grisshammer & Tucker, 1997; Niebauer et al, 2006). Other factors influencing expression levels are
the E. coli strain used and the growth temperature, codon optimisation, however expression is only the first stage in the
purification pathway and further steps involving protein solubilisation, purification and renaturation are also required.
[0036] Other prokaryotic expression systems which can be utilised for the expression of GPCRs include Haloferax
volcanii (Patenge & Soppa, 1999) and Halobacterium salinarum (Jaakola et al, 2005). Although, Lactococcus lactis, has
been extensively used for the expression of a number of membrane proteins (Niu et al, 2008), no GPCRs have yet been
reported to be expressed using this system.
[0037] The photosynthetic bacterium Rhodobacter sphaeroides has also been used for the production of human
GPCRs whereby over-expression of recombinant receptors is placed under the control of the moderately strong and
highly regulated super-operonic photosynthetic promoter pufQ and represents a scalable system (Roy et al, 2008).

Yeast expression

[0038] Yeast systems contain a number of desirable attributes required for the high level expression of GPCRs needed
for structural studies. Like E. coli, yeasts grow quickly and are easy and inexpensive to grow. They can be cultured to
high cell densities and scale up can be achieved using fermentation technology. Furthermore, yeast expression systems
allow for isotopic labeling and non-natural amino acid incorporation, both of which are important factors when considering
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an expression system for structural studies.
[0039] While yeast systems possess a number of the same benefits as do bacterial systems, they also have several
advantages. Yeast, have compartmentalised organelles, allowing for more natural protein expression and folding, with
subsequent insertion into the plasma membrane. Furthermore, unlike E. coli they can perform the majority of post-
translational modifications, although glycosylation is substantially different to that observed in mammalian cells (Hamilton
& Gerngross, 2007) there are examples of GPCRs that are not glycosylated in yeast (Sander et al, 1994).
[0040] However, the introduction of yeast strains engineered to provide a mammalian glycosylation profile may rep-
resent an improvement over the original expression strains. A number of different strains of yeast have been used for
the over-expression of GPCRs including Saccharomyces cerevisiae (Huang et al, 2008), Pichia pastori (Feng et al,
2002) and Schizosaccharomyces pombe (Sander et al, 1994).
[0041] The process has been further simplified with the availability of a number of commercial expression systems,
such as Invitrogen’s Pichia pastoris system.

Insect expression

[0042] To date, insect cell expression has provided the most commonly used expression system for the structural
determination of GPCRs. The recent structural determination of the human β2-adrenergic (Cherezov et al, 2007; Ras-
mussen et al, 2007) and A2A adenosine (Jaakola et al, 2008) receptors was achieved using Spodoptera frugiperda Sf9
cells, whilst the structural determination of the turkey β1AR (Warne et al, 2008) was achieved using Trichoplusia ni Hi5 cells.
[0043] The relative success of insect cell expression, particularly in the structural biology of GPCRs, relates to their
ability to generate multi-milligram quantities of high quality protein. A wide range of insect cells are commercially available
including: S. frugiperda Sf9, Sf21, Hi5 and Drosophila Schneider S2 cells, allowing screening of different cells to improve
expression levels. The eukaryotic, baculovirus-based, expression system has been used for over 20 years, and relies
on the viral transfection of insect cells to achieve protein production. Subsequently, a number of technological advances
have resulted in the establishment of commercially available systems, which are more efficient and user friendly than
the original system.
[0044] As with yeast expression, insect cell expression provides a platform in which most post-translational modifica-
tions required for functional protein can be achieved. In some cases, insect cell expression results in heterogeneous
protein glycosylation, therefore, there has been considerable interest in the modification of insect cells, such as the
Mimic™ Sf9 insect cells, which have a more homogeneous human-like glycosylation machinery (Harrison & Jarvis,
2006). Insect cells are typically grown at 27°C and the types of lipid required to maintain membrane fluidity at this
temperature are different to that of a native mammalian cell membrane. Insect cell membranes are very low in cholesterol
and have no phosphatidyl serine in their plasma membranes.
[0045] In addition, they have comparatively high phosphatidyl inositol content and post-infection enrichment in phos-
phatidylcholine is observed (Marheineke et al, 1998). In GPCRs, an altered lipid environment can lead to modifications
in ligand binding, as has been observed for the oxytocin receptor, due to heterogeneous expression of low-affinity and
high-affinity receptors. The addition of cholesterol to the growth media results in a more homogeneous receptor population
with a shift towards high-affinity ligand binding (Gimpl et al, 1995).
[0046] Scale up of protein production using relatively simple culture techniques can easily be accomplished in a
biosafety level 1 laboratory environment (Ames et al, 2004). Insect cells are semi-adherent, allowing growth under
attached conditions (rollers, micro-carriers) or in suspension.

Mammalian expression

[0047] Mammalian cells have been used to express a wide range of GPCRs in different classes (Lundstrom et al,
2006). Mammalian cells have all the cellular machinery required to correctly translate, fold, modify and insert the protein
into the cell membrane.
[0048] Heterologous protein production can be achieved through transient or stable expression and a wide variety of
cell lines are available (e.g. CHO, HEK, COS-1 etc). Transient expression of GPCRs has been widely used for a number
of years. Transiently transfected cells usually express protein through the cytomegalovirus (CMV) promoter after 48-72
hours post transfection, with a steady decrease thereafter.
[0049] This system provides a quick and relatively easy method of screening protein expression and allows for rapid
site directed mutagenesis. Whilst lipid-based transfection methods have proved impractical for large-scale protein ex-
pression, other methods can be employed such as the use of recombinant virus (e.g. adenovirus) or Semliki Forest virus
(SFV). To date, much of the work carried out on viral transfections has centered on the use of SFV which has a very
high rate of success in the expression of GPCRs (Lundstrom et al, 2006).
[0050] Stably transected mammalian cell systems provide a constant source of recombinant protein. Like the transient
transfection cell system, the gene of interest is placed under the control of a strong promoter such as the CMV promoter.
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The use of inducible promoters may be particularly advantageous with respect to membrane proteins as constitutive
expression can potentially lead to cell toxicity (Reeves et al, 2002). In order to obtain a stable cell-line the expression
construct is stably integrated into the host’s cell genome; this typically requires the use of a selective marker (e.g.
antibiotic resistance) as integration events are rare.
[0051] Advances in generating stable cell-lines have made this process simpler. For example, the lenti virus and the
Flp-In T-REx™ expression system which allows the generation of stable mammalian cell lines exhibiting tetracycline-
inducible expression by placing a tetracycline-inducible promoter into the genome via Flp recombinase-mediated DNA
recombination at the FRT site.
[0052] The use of GFP coupled with fluorescence-activated-cell sorting (FACS) allows the rapid selection of high
protein expressers within mixed cell populations. The use of IRES-GFP technology has improved upon regular GFP-
fusion selection by placing an internal ribosome entry site (IRES) downstream of the promoter and the coding sequence
for the ’gene of interest’, followed by the coding sequence for GFP. This allows for a single bicistronic messenger RNA
encoding both genes to be produced. The two separate proteins are then translated from the same message, and their
expression levels are thereby coupled. The use of IRES-GFP provides a monitor for the levels of target protein expression.
[0053] Additionally, mammalian cells, such as HEK293, are able to grow in suspension making them amenable to
fermentation. Anchorage dependent cells can be grown in cell factories or on microcarrier beads.

Cell-free expression

[0054] Since the 1950s, in vitro transcription translation (IVT), has been successfully used to express soluble cytosolic
protein and has recently been applied to the expression of more complex mammalian membrane proteins (Klammt et
al, 2006). Advantages offered by cell-free (CF) protein expression include that the system does not depend on cellular
integrity and does not require complex culture conditions. Although a number of CF systems exist, the three main sources
are rabbit reticulocyte extract, wheat germ extract and E. coli extract.
[0055] CF expression systems are typically used in batch expression and the basic system contains all of the high
molecular weight machinery required for transcription and translation. Modifications to the technology, whereby the
cellular machinery is compartmentalised within a semi-permeable membrane to allow continuous feeding of low molecular
weight precursors into the system, are known to increase both yield and rate of protein production.

Other expression systems

[0056] A number of other strategies for GPCR expression also have been investigated. One such strategy has been
the use of whole organisms to express GPCRs. A wide range of organisms have been used to express GPCRs including
Xenopus oocytes (eg, pituitary thyrotropin-releasing hormone receptor via mRNA microinjection Straub et al, 1990),
Drosophila melanogaster (metabotropic glutamate receptor in photoreceptor cells Eroglu et al, 2002), transgenic silk-
worms (m-opioid receptor Tateno et al, 2009) and other transgenic animals have also been used as a method to express
GPCRs, such as adenovirus mediated expression of the chemokine receptor CXCR1 in transgenic mice.
[0057] Chlamydomonas reinhardtii chloroplasts are also used as protein factories (Mayfield et al, 2007) where there
is a particular focus in the use of these cells for the production of protein-based therapeutics, such as (but not limited
to) antibodies. Eukaryotic algae offer the potential to produce high yields of recombinant proteins more rapidly and at
much lower cost than traditional cell culture. Additionally, transgenic algae can be grown in complete containment,
reducing any risk of environmental contamination. This system might also be used for the oral delivery of therapeutic
proteins or StaR vaccines, as green algae are edible, do not contain endotoxins or human viral or prion contaminants
and are relatively cheap to produce merely requiring a source of water and sunlight (Dance, 2010)
[0058] Finally, manipulation of culture conditions also offers a route to improve expression levels. Optimisation of the
culture conditions through the addition of additives such as ligands, amino acids, DMSO, and by altering temperature
can increase expression by nearly 10-fold.
[0059] The question of yield relates both to the quantity and quality of protein produced. The gold standard for assessing
the quality of protein is by measuring the ligand binding properties of the protein. Thus the Bmax values, which are relative
measurements of specific activity expressed in moles of ligand bound to the protein divided by the amount of total protein,
offer the best means to measure the quality of the protein.
[0060] Purification of the GPCR protein requires extraction of the protein of interest from the host cell/culture media.
GPCR purification typically requires an initial cell-lysis step which in itself is governed by the type of expression system
used. Due to the mechanical strength of their cell walls, both bacterial and yeast cells require a greater degree of force
to achieve efficient cell lysis in comparison with insect and mammalian cells. In order to afford efficient cell lysis in
bacteria and yeast, cells typically require the use of a French Press or a bead beater.
[0061] In contrast, mammalian and insect cells require much less mechanical force and can be lysed using fluidizers
and freeze/thaw methods. When considering the method for lysis, care has to be paid to prevent denaturation of the
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GPCR through sheer force or thermal denaturation. Furthermore, the inclusion of protease inhibitors (e.g. pepstatin,
leupeptin) to prevent proteolytic degradation of GPCRs upon lysis is of particular importance (Rosenbaum et al, 2007).
[0062] The large scale expression of GPCRs typically results in the generation of a large amount of biomass of which
only a small percentage contains the protein of interest. The generation of membrane preparations offers an effective
method to crudely purify the GPCR away from the majority of the cytosolic protein.
[0063] The most effective method to generate high quality membrane preparations is through the use of ultracentrif-
ugation and stringent washing of the membrane preparation with high salt and acid/alkaline washes. The generation of
high quality membrane preparation was exemplified in the recent structural determination of the human A2A structure,
where the membrane preparation was washed up to 9 times with a high osmotic buffer containing 1.0 M NaCl; this
subsequently facilitated a one step immobilised metal affinity chromatography (IMAC) purification (Jaakola et al, 2008).
[0064] As with the purification of all membrane proteins, GPCRs need to be extracted from the lipidic environment
that they were expressed in, and subsequently solubilised into a surrogate detergent. The key to this step is establishing
the critical solubilisation concentration (CSC), which is the minimal concentration of detergent required to disrupt the
cell membrane into micellar dispersion. In addition, it is essential to use a detergent that does not inactivate the ligand
binding properties of the receptor. It is assumed that if ligands can still bind to a detergent solubilised protein, then it is
likely that the 3D structure is in a physiologically relevant state. A large and diverse range of detergents is available and
can be classified into 3 main classes, namely non-ionic, zwitterionic and ionic.
[0065] As detergents and membrane proteins interact in an unpredictable manner, it is impossible to anticipate which
is the most appropriate detergent to use in the purification process; this needs to be determined experimentally. However,
within the 3 main classes of detergents previously described they can be sub-divided into detergents which are mild
enough to maintain activity and structural integrity, and those that are harsh with a higher probability of protein denatur-
ation.
[0066] When solubilising a receptor, detergent concentrations of 0.5-2% w/v are typically required, using detergent/pro-
tein ratios of 1:1 to 3:1. The concentration of the detergent is an important factor as detergent solubilised GPCRs and
therefore StaRs will exist as protein detergent complexes (PDC). At low concentrations, detergents exist as monomers,
and as the concentration increases above their CMC (critical micellar concentration) they form structures called micelles.
The size and shape of micelles depend on the type, size, and stereochemistry of the detergent, as well as the aqueous
environment that they occupy (ionic strength, pH, etc).
[0067] For the purification of all membrane proteins it is vital to maintain the concentration above the CMC, otherwise
the micelle surrounding the membrane protein can disassemble leading to protein aggregation and inactivation. Whilst
maintaining a level of detergent above the CMC is an important factor in protein stability, the addition of other agents
can also dramatically enhance their stability.
[0068] Fortunately, the most widely used technique for purifying recombinant proteins, IMAC, performs well in most
neutral detergents. Both nickel and cobalt matrices have been used for batch purification of GPCRs and StaRs with
good success. However, it is noteworthy that the position of the His-tag (N- or C- terminal) can significantly affect the
efficiency of binding to the resin. A number of other affinity chromatography techniques have also been investigated for
the purification of GPCRs and are equally applicable to the purification of StaRs.
[0069] The use of other affinity tags such as strep and biotin tags have been used with varying degrees of success.
Antibody affinity resins directed towards FLAG, TAP, and 1D4 tags have been explored. Lectin based chromatography
(for example, wheat germ agglutinin, and heparin) can be used to purify GPCRs and is particularly useful where problems
exist with respect to glycan heterogeneity. More classical techniques such as ion exchange (such as, Q-sepharose) and
size exclusion chromatography (SEC) (such as, Superdex S200) can also be used, although the efficiency of protein
separation by SEC is often poor in detergents with large micelles.
[0070] One of the most useful techniques in GPCR purification is the use of ligand affinity chromatography. Ligand
affinity columns have been used for a number of years and have allowed GPCRs to be purified from native sources
(Andre et al, 1983), a task that would ordinarily be particularly challenging due to their low natural abundance. Resins
with covalently bound ligands such as XAC, ABT, and alprenolol have all been used to purify GPCRs. The major
advantage of ligand affinity chromatography is that only functional receptors will bind to the resin. Therefore, the process
is particularly useful for the purification of the conformationally biased StaR.
[0071] Mutants of a parent GPCR may therefore be produced in any suitable way and provided in any suitable form.
Thus, for example, a series of specific mutants of the parent protein may be made in which each amino acid residue in
all or a part of the parent protein is independently changed to another amino acid residue. For example, it may be
convenient to make mutations in those parts of the protein which are predicted to be membrane spanning. The three-
dimensional structure of rhodopsin is known (Li et al (2004) J Mol Biol 343, 1409-1438; Palczewski et al (2000) Science
289, 739-745), and it is possible to model certain GPCRs using this structure. Thus, conveniently, parts of the GPCR
to mutate may be based on modelling. Similarly, computer programs are available which model transmembrane regions
of GPCRs based on hydrophobicity (Kyle & Dolittle (1982) J. Mol. Biol. 157, 105-132), and use can be made of such
models when selecting parts of the protein to mutate. Conventional site-directed mutagenesis may be employed, or
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polymerase chain reaction-based procedures well known in the art may be used. It is possible, but less desirable, to
use ribosome display methods in the selection of the mutant protein.
[0072] Typically, each selected amino acid is replaced by Ala (ie Ala-scanning mutagenesis), although it may be
replaced by any other amino acid. If the selected amino acid is Ala, it may conveniently be replaced by Leu. Alternatively,
the amino acid may be replaced by Gly (ie Gly-scanning mutagenesis), which may allow a closer packing of neighbouring
helices that may lock the protein in a particular conformation. If the selected amino acid is Gly, it may conveniently be
replaced by Ala.
[0073] Although the amino acid used to replace the given amino acid at a particular position is typically a naturally
occurring amino acid, typically an "encodeable" amino acid, it may be a non-natural amino acid (in which case the protein
is typically made by chemical synthesis or by use of non-natural amino-acyl tRNAs). An "encodeable" amino acid is one
which is incorporated into a polypeptide by translation of mRNA. It is also possible to create non-natural amino acids or
introduce non-peptide linkages at a given position by covalent chemical modification, for example by post-translational
treatment of the protein or semisynthesis. These post-translational modifications may be natural, such as phosphorylation,
glycosylation or palmitoylation, or synthetic or biosynthetic.
[0074] Alternatively, mutants may be produced by a random mutagenesis procedure, which may be of the whole
protein or of a selected portion thereof. Random mutagenesis procedures are well known in the art.
[0075] Conveniently, a mutant GPCR has one replaced amino acid compared to the parent protein (ie it is mutated at
one amino acid position). In this way, the contribution to stability of a single amino acid replacement may be assessed.
However, the mutant GPCR assayed for stability may have more than one replaced amino acid compared to the parent
protein, such as 2 or 3 or 4 or 5 or 6 replacements.
[0076] Combinations of mutations in one GPCR may be appropriate such that multiple different mutations in a single
mutant protein can lead to further stability. Thus, it will be appreciated that the method of selection can be used in an
iterative way by, for example, carrying it out to identify single mutations which increase stability, combining those mutations
in a single mutant GPCRs which is the GPCR then provided in part (a) of the method. Thus, multiple-mutated mutant
proteins can be selected using the method.
[0077] A GPCR of the invention or parent GPCR from which a mutant is derived need not be the naturally occurring
protein. Conveniently, it may be an engineered version which is capable of expression in a suitable host organism, such
as Escherichia coli. For example, as described in WO 2009/081136, a convenient engineered version of the turkey β-
adrenergic receptor is one which is truncated and lacks residues 1-33 of the amino acid sequence (ie βAR34-424). The
parent GPCR may be a truncated form of the naturally occurring protein (truncated at either or both ends), or it may be
a fusion, either to the naturally occurring protein or to a fragment thereof. Alternatively or additionally, the parent GPCR,
compared to a naturally-occurring GPCR, may be modified in order to improve, for example, solubility, proteolytic stability
(eg by truncation, deletion of loops, mutation of glycosylation sites or mutation of reactive amino acid side chains such
as cysteine). In any event, the parent GPCR is a protein that is able to bind to the selected ligand which ligand is one
which is known to bind the naturally occurring GPCR. Conveniently, the parent GPCR is one which, on addition of an
appropriate ligand, can affect any one or more of the downstream activities which are commonly known to be affected
by G-protein activation.
[0078] It will be appreciated that the stability of a GPCR mutant is to be compared to a parent GPCR in order to be
able to assess an increase in stability.
[0079] Increased stability of a mutant GPCR by comparison to a parent GPCR is conveniently measured by an extended
lifetime of the mutant under the imposed conditions which may lead to instability (such as heat, harsh detergent conditions,
chaotropic agents and so on). Destabilisation under the imposed condition is typically determined by measuring dena-
turation or loss of structure. This may manifest itself by loss of ligand binding ability or loss of secondary or tertiary
structure indicators.
[0080] Typically, the mutant GPCR binds to a ligand (selected binding partner) with approximately equal affinity (that
is to say typically within 2-3 fold) or greater affinity than does the parent receptor, when residing in the same conformation.
For agonist-conformation mutants, the mutants typically bind the agonist-conformation specific binding partners with the
same or higher affinity than the parent GPCR and typically bind antagonist-conformation specific binding partners with
the same or lower affinity than the parent GPCR. Similarly for antagonist-conformation mutants, the mutants typically
bind the antagonist-conformation specific binding partners with the same or higher affinity than the parent GPCR and
typically bind agonist-conformation specific binding partners with the same or lower affinity than the parent GPCR.
[0081] Comparison of parent and mutant GPCRs can be conducted using binding assays well known in the art and
as described, for example, below. Typically, Kd values are calculated using conventional GPCR assays in membranes
wherein the binding affinity at different compound concentrations is measured. Examples of suitable assays include
surface plasmon resonance assays and competition assays which are well known in the art and are described below.
[0082] In one example of a testing procedure the mutant GPCR may be brought into contact with a ligand before being
subjected to a procedure in which the stability of the mutant is determined (the mutant GPCR and ligand remaining in
contact during the test period). Thus, for example, when the method is being used to select for mutant GPCRs which in
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one conformation bind to a ligand and which have improved thermostablity, the receptor is contacted with the ligand
before being heated, and then the amount of ligand bound to the receptor following heating may be used to express
thermostability compared to the parent receptor. This provides a measure of the amount of the GPCR which retains
ligand binding capacity following exposure to the denaturing conditions (eg heat), which in turn is an indicator of stability.
[0083] In order to experimentally determine a Kd then, the concentration of free ligand and bound ligand at equilibrium
must be known. Typically, this can be done by using a radio-labelled or fluorescently labelled ligand which is incubated
with the receptor (present in whole cells or homogenised membranes) until equilibrium is reached. The amount of free
ligand vs bound ligand must then be determined by separating the signal from bound vs free ligand. In the case of a
radioligand this can be done by centrifugation or filtration to separate bound ligand present on whole cells or membranes
from free ligand in solution. Alternatively a scintillation proximity assay is used. In this assay the receptor (in membranes)
is bound to a bead containing scintillant and a signal is only detected by the proximity of the radioligand bound to the
receptor immobilised on the bead.
[0084] The affinity constant may also be determined in a functional assay (KB). Here the receptor in a whole cell or
membrane is activated by an agonist ligand and a response measured (e.g. mobilisation of intracellular calcium, G
protein activation, increase or decrease in adenylate cyclise or cAMP, activation of a signal transduction pathway such
as a MAP-kinase pathway or activation of gene transcription). The ability of an antagonist to inhibit agonist activity can
be measured and for a competitive antagonist is equal to the affinity constant.
[0085] In an alternative example of a testing procedure, the mutant GPCR is subjected to a procedure in which the
stability of the mutant is determined before being contacted with the ligand. Thus, for example, when the method is being
used to select for mutant membrane receptors which in one conformation bind to a ligand and which have improved
thermostability, the receptor is heated first, before being contacted with the ligand, and then the amount of ligand bound
to the receptor may be used to express thermostability. Again, this provides a measure of the amount of the GPCR
which retains ligand binding capacity following exposure to the denaturing conditions.
[0086] In both tests, it will be appreciated that the comparison of stability of the mutant is made by reference to the
parent molecule under the same conditions.
[0087] It will be appreciated that in both of these tests, the mutants that are selected are ones which have increased
stability when residing in the particular conformation compared to the parent protein.
[0088] A mutant GPCR may be selected which has increased stability to any denaturant or denaturing condition such
as to any one or more of heat, a detergent, a chaotropic agent or an extreme of pH.
[0089] In relation to an increased stability to heat (ie thermostability), this can readily be determined by measuring
ligand binding or by using spectroscopic methods such as fluorescence, CD or light scattering at a particular temperature.
Typically, when the GPCR binds to a ligand, the ability of the GPCR to bind that ligand at a particular temperature may
be used to determine thermostability of the mutant. It may be convenient to determine a "quasi Tm" ie the temperature
at which 50% of the receptor is inactivated under stated conditions after incubation for a given period of time (eg 30
minutes). Mutant GPCRs of higher thermostability have an increased quasi Tm compared to their parents.
[0090] In relation to an increased stability to a detergent or to a chaotrope, typically the GPCR is incubated for a defined
time in the presence of a test detergent or a test chaotropic agent and the stability is determined using, for example,
ligand binding.
[0091] In relation to an extreme of pH, a typical test pH would be chosen (eg in the range 4.5 to 5.5 (low pH) or in the
range 8.5 to 9.5 (high pH).
[0092] Because relatively harsh detergents are used during crystallisation procedures, it is preferred that the mutant
GPCR is stable in the presence of such detergents. The order of "harshness" of certain detergents is DDM, C11 → C10
→C9 →C8 maltoside or glucoside, lauryldimethylamine oxide (LDAO) and SDS. It is particularly preferred if the mutant
GPCR is more stable to any of C9 maltoside or glucoside, C8 maltoside or glucoside, LDAO and SDS, and so it is
preferred that these detergents are used for stability testing.
[0093] Because of its ease of determination, it is preferred that thermostability is determined, and those mutants which
have an increased thermostability compared to the parent protein with respect to the selected condition are chosen. It
will be appreciated that heat is acting as the denaturant, and this can readily be removed by cooling the sample, for
example by placing on ice. It is believed that thermostability may also be a guide to the stability to other denaturants or
denaturing conditions. Thus, increased thermostability is likely to translate into stability in denaturing detergents, espe-
cially those that are more denaturing than DDM, eg those detergents with a smaller head group and a shorter alkyl chain
and/or with a charged head group. We have found that a thermostable GPCR is also more stable towards harsh deter-
gents.
[0094] When an extreme of pH is used as the denaturing condition, it will be appreciated that this can be removed
quickly by adding a neutralising agent. Similarly, when a chaotrope is used as a denaturant, the denaturing effect can
be removed by diluting the sample below the concentration in which the chaotrope exerts its chaotropic effect.
[0095] The mutant GPCRs may be prepared by any suitable method. Conveniently, the mutant protein is encoded by
a suitable nucleic acid molecule and expressed in a suitable host cell. Suitable nucleic acid molecules encoding the
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mutant GPCR may be made using standard cloning techniques, site-directed mutagenesis and PCR as is well known
in the art. Suitable expression systems include constitutive or inducible expression systems in bacteria or yeasts, virus
expression systems such as baculovirus, semliki forest virus and lentiviruses, or transient transfection in insect or
mammalian cells. Suitable host cells include E. coli, Lactococcus lactis, Saccharomyces cerevisiae, Schi zosaccharo-
myces pombe, Pichia pastoris, Spodoptera frugiperda and Trichoplusiani cells. Suitable animal host cells include HEK
293, COS, S2, CHO, NSO, DT40 and so on. It is known that some GPCRs require specific lipids (eg cholesterol) to
function. In that case, it is desirable to select a host cell which contains the lipid. Additionally or alternatively the lipid
may be added during isolation and purification of the mutant protein. It will be appreciated that these expression systems
and host cells may also be used in the provision of the mutant GPCR in part (a) of the selection method.
[0096] Molecular biological methods for cloning and engineering genes and cDNAs, for mutating DNA, and for ex-
pressing polypeptides from polynucleotides in host cells are well known in the art, as exemplified in "Molecular cloning,
a laboratory manual", third edition, Sambrook, J. & Russell, D.W. (eds), Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, NY, incorporated herein by reference.
[0097] It is appreciated that it may be determined whether the selected or prepared mutant GPCR is able to couple
to a G protein. It is also preferred if it is determined whether the selected or prepared mutant GPCR is able to bind a
plurality of ligands of the same class as the selecting ligand with a comparable spread and/or rank order of affinity as
the parent GPCR.
[0098] By "corresponding position or positions", we include the meaning of the position in the amino acid sequence
of a second GPCR which aligns to the position in the amino acid sequence of the first GPCR, when the first and second
GPCRs are compared by alignment, for example by using MacVector and Clustal W.
[0099] Having identified the corresponding position or positions in the amino acid sequence of a second GPCR, the
amino acids at those positions are replaced with another amino acid. Typically, the amino acids are replaced with the
same amino acids which replaced the amino acids at the corresponding positions in the mutant of the first parent GPCR
(unless they are already that residue).
[0100] Mutations can be made in an amino acid sequence, for example, as described above and using techniques
well-established in the art.
[0101] For the avoidance of doubt, the mutant GPCR may be extended or truncated, contain internal deletions or
insertions or otherwise altered beyond introduction of stabilising mutations; for example by introduction or deletion of
sites for posttranslational modification e.g. glycosylation or phosphorylation or fatty acylation. It may also be chemically
modified synthetically, for example by peptide semisynthesis or crosslinking or alkylation. In any event, the mutant GPCR
provided has increased stability in a particular conformation relative to its parent GPCR.
[0102] Preferably the GPCR is a mammalian GPCR. Conveniently, the GPCR is a human, mouse, rat or turkey GPCR.
[0103] Advantageously the GPCR of the invention is one selected from chemokine receptor 4 (CXCR4), chemokine
receptor 2 (CCR2), Duffy antigen receptor for chemokines (DARC), angiotensin receptor, β1-adrenergic receptor (β1-
AR), adenosine receptor, muscarinic receptor and neurotensin receptor (NTS1).

β-adrenergic receptor

[0104] β-adrenergic receptors are well known in the art. They share sequence homology to each other and bind to
adrenalin.
[0105] In one embodiment, the GPCR is a wildtype or a mutant β-adrenergic receptor. The mutant β-adrenergic receptor
when compared to the corresponding wild-type β-adrenergic receptor, has a different amino acid at a position which
corresponds to any one or more of the following positions according to the numbering of the turkey β-adrenergic receptor
as set out in Figure 1: Ile 55, Gly 67, Arg 68, Val 89, Met 90, Gly 98, Ile 129, Ser 151, Val 160, Gln 194, Gly 197, Leu
221, Tyr 227, Arg 229, Val 230, Ala 234, Ala 282, Asp 322, Phe 327, Ala 334, Phe 338.
[0106] The mutant β-adrenergic receptor may be a mutant of any β-adrenergic receptor provided that it is mutated at
one or more of the amino acid positions as stated by reference to the given turkey β-adrenergic receptor amino acid
sequence.
[0107] It is particularly preferred if the mutant GPCR is one which has at least 20% amino acid sequence identity when
compared to the given turkey β-adrenergic receptor sequence, as determined using MacVector and CLUSTALW (Thomp-
son et al (1994) Nucl. Acids Res. 22, 4673-4680). More preferably, the mutant receptor has at least 30% or at least 40%
or at least 50% amino acid sequence identity. There is generally a higher degree of amino acid sequence identity which
is conserved around the orthosteric ("active") site to which the natural ligand binds.
[0108] Thus, a mutant turkey β-adrenergic receptor in which, compared to its parent, one or more of these amino acid
residues have been replaced by another amino acid residue may be used. Mutant β-adrenergic receptors from other
sources in which one or more corresponding amino acids in the parent receptor are replaced by another amino acid
residue may also be used.
[0109] For the avoidance of doubt, the parent may be a β-adrenergic receptor which has a naturally-occurring sequence,
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or it may be a truncated form or it may be a fusion, either to the naturally occurring protein or to a fragment thereof, or
it may contain mutations compared to the naturally-occurring sequenced provided that it retains ligand-binding ability.
[0110] By "corresponding amino acid residue" we include the meaning of the amino acid residue in another β-adrenergic
receptor which aligns to the given amino acid residue in turkey β-adrenergic receptor when the turkey β-adrenergic
receptor and the other β-adrenergic receptor are compared using MacVector and CLUSTALW.
[0111] Figure 1 shows an alignment between turkey β-adrenergic receptor and human β1, β2 and β3 β-adrenergic
receptors.
[0112] It can be seen that lie 72 of human β1 corresponds to lie 55 of turkey β-adrenergic receptor; Ile 47 of human
β2 corresponds to lie 55 of turkey β-adrenergic receptor; and Thr51 of human β3 corresponds to Ile 55 of turkey β-
adrenergic receptor. Other corresponding amino acid residues in human β1, β2 and β3 can readily be identified by
reference to Figure 1.
[0113] It is preferred if the mutant β-adrenergic receptor has a different amino acid compared to its parent at more
than one amino acid position since this is likely to give greater stability. Particularly preferred human β1 receptor mutants
are those in which one or more of the following amino acid residues are replaced with another amino acid residue: K85,
M107, Y244, A316, F361 and F372. Typically, the given amino acid residue is replaced with Ala or Val or Met or Leu or
Ile (unless they are already that residue).
[0114] Mutant human β1 receptors which have combinations of 3 or 4 or 5 or 6 mutations as described above are
preferred.
[0115] Particularly preferred human β2 receptor mutants are those in which one or more of the following amino acids
are replaced with another amino acid residue: K60, M82, Y219, C265, L310 and F321. Typically, the given amino acid
residue is replaced with Ala or Val or Met or Leu or Ile (unless they are already that residue).

Adenosine receptor

[0116] Adenosine receptors are well known in the art. They share sequence homology to each other and bind to
adenosine.
[0117] In one embodiment, the GPCR is a wildtype or mutant adenosine receptor. The mutant adenosine receptor
when compared to the corresponding wild-type adenosine, has a different amino acid at a position which corresponds
to any one or more of the following positions according to the numbering of the human adenosine A2a receptor as set
out in Figure 2: Gly 114, Gly 118, Leu 167, Ala 184, Arg 199, Ala 203, Leu 208, Gln 210, Ser 213, Glu 219, Arg 220,
Ser 223, Thr 224, Gln 226, Lys 227, His 230, Leu 241, Pro 260, Ser 263, Leu 267, Leu 272, Thr 279, Asn 284, Gln 311,
Pro 313, Lys 315, Ala 54, Val 57, His 75, Thr 88, Gly 114, Gly 118, Thr 119, Lys 122, Gly 123, Pro 149, Glu 151, Gly
152, Ala 203, Ala 204, Ala 231, Leu 235, Val 239.
[0118] The mutant adenosine receptor may be a mutant of any adenosine receptor provided that it is mutated at one
or more of the amino acid positions as stated by reference to the given human adenosine A2a receptor amino acid
sequence.
[0119] It is particularly preferred if the mutant GPCR is one which has at least 20% amino acid sequence identity when
compared to the given human adenosine A2a receptor sequence, as determined using MacVector and CLUSTALW.
Preferably, the mutant GPCR has at least 30% or at least 40% or at least 50% or at least 60% sequence identity.
Typically, there is a higher degree of sequence conservation at the adenosine binding site.
[0120] Thus, a mutant human adenosine A2a receptor in which, compared to its parent, one or more of these amino
acid residues have been replaced by another amino acid residue may be used. Mutant adenosine receptors from other
sources in which one or more corresponding amino acids in the parent receptor are replaced by another amino acid
residue may also be used.
[0121] For the avoidance of doubt, the parent may be an adenosine receptor which has a naturally-occurring sequence,
or it may be a truncated form or it may be a fusion, either to the naturally-occurring protein or to a fragment thereof, or
it may contain mutations compared to the naturally-occurring sequence, provided that it retains ligand-binding ability.
[0122] By "corresponding amino acid residue" we include the meaning of the amino acid residue in another adenosine
receptor which aligns to the given amino acid residue in human adenosine A2a receptor when the human adenosine A2a
receptor and the other adenosine receptor are compared using MacVector and CLUSTALW.
[0123] Figure 2 shows an alignment between human adenosine A2a receptor and three other human adenosine
receptors (A2b, A3 and A1).
[0124] It can be seen that, for example, Ser 115 in the A2b receptor (indicated as AA2BR) corresponds to Gly 114 in
the A2a receptor. Similarly, it can be seen that Ala 60 in the A3 receptor (indicated as AA3R) corresponds to Ala 54 in
the A2a receptor, and so on. Other corresponding amino acid residues in human adenosine receptors A2b, A3 and A1
can readily be identified by reference to Figure 2.
[0125] It is preferred that the particular amino acid in the parent is replaced with an Ala. However, when the particular
amino acid residue in the parent is an Ala, it is preferred that it is replaced with a Leu.
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[0126] It is preferred that the mutant adenosine receptor has a different amino acid compared to its parent at more
than one amino acid position. Particularly preferred human adenosine A2b receptors are those in which one or more of
the following amino acid residues are replaced with another amino acid residue: A55, T89, R123, L236 and V240.
Typically, the given amino acid residue is replaced with Ala or Val or Met or Leu or lie (unless they are already that residue).
[0127] Mutant human adenosine receptors which have combinations of 3 or 4 or 5 mutations as described above are
preferred.
[0128] Particularly preferred human adenosine A3 receptors are those in which one or more of the following amino
acid residues are replaced with another amino acid residue: A60, T94, W128, L232 and L236. Typically, the given amino
acid residue is replaced with Ala or Val or Met or Leu or lie (unless they are already that residue).

Neurotensin receptor

[0129] Neurotensin receptors are known in the art. They share sequence homology and bind neurotensin.
[0130] In one embodiment, the GPCR is a wildtype or mutant neurotensin receptor. The mutant neurotensin receptor
when compared to the corresponding wild-type neurotensin receptor, has a different amino acid at a position which
corresponds to any one or more of the following positions according to the numbering of the rat neurotensin receptor
as set out in Figure 3: Ala 69, Leu 72, Ala 73, Ala 86, Ala 90, Ser 100, His 103, Ser 108, Leu 109, Leu 111, Asp 113,
lie 116, Ala 120, Asp 139, Phe 147, Ala 155, Val 165, Glu 166, Lys 176, Ala 177, Thr 179, Met 181, Ser 182, Arg 183,
Phe 189, Leu 205, Thr 207, Gly 209, Gly 215, Val 229, Met 250, Ile 253, Leu 256, lie 260, Asn 262, Val 268, Asn 270,
Thr 279, Met 293, Thr 294, Gly 306, Leu 308, Val 309, Leu 310, Val 313, Phe 342, Asp 345, Tyr 349, Tyr 351, Ala 356,
Phe 358, Val 360, Ser 362, Asn 370, Ser 373, Phe 380, Ala 385, Cys 386, Pro 389, Gly 390, Trp 391, Arg 392, His 393,
Arg 395, Lys 397, Pro 399.
[0131] It is particularly preferred if the mutant GPCR is one which has at least 20% amino acid sequence identity when
compared to the given rat neurotensin receptor sequence, as determined using MacVector and CLUSTALW. Preferably,
the mutant GPCR has at least 30% or at least 40% or at least 50% amino acid sequence identity.
[0132] The mutant neurotensin receptor may be a mutant of any neurotensin receptor provided that it is mutated at
one or more of the amino acid positions as stated by reference to the given rat neurotensin receptor amino acid sequence.
[0133] Thus, a mutant rat neurotensin receptor in which, compared to its parent, one or more of these amino acid
residues have been replaced by another amino acid residue may be used. Mutant neurotensin receptors from other
sources in which one or more corresponding amino acids in the parent receptor are replaced by another amino acid
residue may also be used.
[0134] For the avoidance of doubt the parent may be a neurotensin receptor which has a naturally-occurring sequence,
or it may be a truncated form or it may be a fusion, either to the naturally-occurring protein or to a fragment thereof, or
it may contain mutations compared to the naturally-occurring sequence, providing that it retains ligand-binding ability.
[0135] By "corresponding amino acid residue" we include the meaning of the amino acid residue in another neurotensin
receptor which aligns to the given amino acid residue in rat neurotensin receptor when the rat neurotensin receptor and
the other neurotensin receptor are compared using MacVector and CLUSTALW.
[0136] Figure 3 shows an alignment between rat neurotensin receptor and two human neurotensin receptors 1 and
2. It can be seen, for example, that Ala 85 of the human neurotensin receptor 1 corresponds to Ala 86 of the rat neurotensin
receptor, that Phe 353 of the human neurotensin receptor 1 corresponds to Phe 358 of the rat neurotensin receptor,
and so on. Other corresponding amino acid residue in the human neurotensin receptors 1 and 2 can readily be identified
by reference to Figure 3.
[0137] It is preferred that the particular amino acid in the parent is replaced with an Ala. However, when the particular
amino acid residue in the parent is an Ala, it is preferred that it is replaced with a Leu.
[0138] It is preferred that the mutant neurotensin receptor has a different amino acid compared to its parent at more
than one amino acid position. Particularly preferred human neurotensin receptors (NTR1) are those in which one or
more of the following amino acid residues are replaced with another amino acid residue: Ala 85, His 102, Ile 259, Phe
337 and Phe 353. Typically, the given amino acid residues is replaced with Ala or Val or Met or Leu or lie (unless they
are already that residue).
[0139] Mutant neurotensin receptors which have combinations of 3 or 4 or 5 mutations as described above are preferred.

Muscarinic receptor

[0140] Muscarinic receptors are known in the art. They share sequence homology and bind muscarine.
[0141] In one embodiment, the GPCR is a wildtype or mutant muscarinic receptor. The mutant muscarinic receptor
when compared to the corresponding wild-type muscarinic receptor, has a different amino acid at a position which
corresponds to any one or more of the following positions according to the numbering of the human muscarinic receptor
M1 as set out in Figure 4: Leu 65, Met 145, Leu 399, Ile 383 and Met 384.
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[0142] It is particularly preferred if the mutant GPCR is one which has at least 20% amino acid sequence identity when
compared to the given human muscarinic receptor sequence, as determined using MacVector and CLUSTALW. Pref-
erably, the mutant GPCR has at least 30% or at least 40% or at least 50% amino acid sequence identity.
[0143] The mutant muscarinic receptor may be a mutant of any muscarinic receptor provided that it is mutated at one
or more of the amino acid positions as stated by reference to the given muscarinic receptor amino acid sequence.
[0144] Thus, a mutant human muscarinic receptor in which, compared to its parent, one or more of these amino acid
residues have been replaced by another amino acid residue may be used. Mutant muscarinic receptors from other
sources in which one or more corresponding amino acids in the parent receptor are replaced by another amino acid
residue may also be used.
[0145] For the avoidance of doubt the parent may be a muscarinic receptor which has a naturally-occurring sequence,
or it may be a truncated form or it may be a fusion, either to the naturally-occurring protein or to a fragment thereof, or
it may contain mutations compared to the naturally-occurring sequence, providing that it retains ligand-binding ability.
[0146] By "corresponding amino acid residue" we include the meaning of the amino acid residue in another muscarinic
receptor which aligns to the given amino acid residue in human muscarinic receptor when the human muscarinic receptor
and the other muscarinic receptor are compared using MacVector and CLUSTALW.
[0147] It is preferred that the particular amino acid is replaced with an Ala. However, when the particular amino acid
residue is an Ala, it is preferred that it is replaced with a Leu.

Therapeutic applications of GPCR vaccines

[0148] GPCR vaccine targets have the potential to be of therapeutic benefit in a number of disease areas, such as
cancer vaccines, e.g., CXCR4 is involved in metastasis; Kaposi’s sarcoma-associated herpes virus GPCR (KSHv-GPCR
aka ORF74), Epstein Barr virus-encoded BILF1 and Cytomegalovirus (CMV) are all indicated in cancers; infectious
diseases, specifically the inhibition of viral entry, for example, CXCR4 in HIV, CCR2 and herpes simplex virus, the Duffy
antigen receptor for chemokines (DARC) and the malarial parasite responsible for recurring malaria, Plasmodium vivax;
and cardiovascular indications, such as Angiotensin receptor in hypertension and CXCR4 in WHIM syndrome.
[0149] In relation to a preferred example of the use of GPCR vaccines against cancer, CXCR4 is known to be involved
in metastasis, where numerous studies have demonstrated the role of the SDF-1 (CXCL12)/CXCR4 axis in metastasis.
For example, SDF-1 has been shown to be highly expressed in common metastatic locations, such as lymph nodes,
bone marrow, lung and liver, and CXCR4 highly expressed on the cell surface of several tumour cells, eg, breast cancer
cells (Muller et al, 2004). In addition, this axis plays an important and unique role in the regulation of stem/progenitor
cell trafficking. SDF-1 regulates the trafficking of CXCR4+ haemato/lymphopoietic cells, their homing/retention in major
haemato/lymphopoietic organs and accumulation of CXCR4+ immune cells in tissues affected by inflammation. In ad-
dition, CXCR4 plays an essential role in the trafficking of other tissue/organ specific stem/progenitor cells expressing
CXCR4 on their surface, e.g., during embryo/organogenesis and tissue/organ regeneration. The SDF-1/CXCR4 axis
also plays an important role in tumour vascularization (Ingold et al 2010). This suggests that new therapeutic strategies
aimed at blocking the SDF-1-CXCR4 axis could have important applications in the clinic by modulating the trafficking of
haemato/lymphopoietic cells and inhibiting the metastatic behaviour of tumour cells by the use of antagonists (Tsutsumi
et al, 2007). Hence, a CXCR4 StaR vaccine could not only be utilised to block SDF-1/CXCR4 interaction thereby
preventing metastasis, but also employed to mobilize a cancer patient’s stem cells from the bone marrow to the periphery.
Precedence for stem cell mobilisation has been provided by the use of Plerixafor (Mobozil), a bicyclam derivative, in
conjunction with G-CSF for haematopoietic stem cell mobilisation in patients with lymphoma or multiple myeloma.
[0150] In an alternative embodiment the GPCR is a virally encoded GPCR. Preferably the GPCR is a GPCR encoded
by any of Epstein Barr virus, cytomegalovirus, Kaposi’s sarcoma-associated herpes virus, herpes simplex virus, and
human immunodeficiency virus. When the GPCR is a GPCR of Kaposi’s sarcoma-associated herpes virus the GPCR
is preferably a full length GPCR and not an antigenic fragment thereof. It is also preferred that the GPCR is provided in
an isolated form removed from membrane associated proteins and other membrane components such as lipoproteins,
apolipoproteins, lipids, phosphoinositol lipids and liposaccharides.
[0151] In one embodiment, the GPCR is not provided in a lipoparticle.
[0152] Virally encoded GPCR targets implicated in cancer include:-

Kaposi’s sarcoma-associated herpes virus GPCR (KSHv-GPCR aka ORF74) where KSHv-GPCR is a homologue
of the human IL-8 receptor that signals constitutively, activates mitogen- and stress-activated kinases, and induces
transcription via multiple transcription factors including AP-1 and NFKB. Furthermore, vGPCR causes cellular trans-
formation in vitro and leads to KS-like tumors in transgenic mouse models. vGPCR has therefore become an exciting
potential therapeutic target for KSHV-mediated disease (Cannon et al, 2004);

Epstein Barr virus-encoded BILF1, which is a member of a new family of related GPCRs exclusively encoded by
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γ1-herpesviruses. Immunocytochemistry and confocal microscopy reveals that BILF1 localizes predominantly to the
plasma membrane, similar to the localisation of KSHV ORF74. Human and rhesus EBV-encoded BILF1 are highly
potent constitutively active receptors, activating Gαi. Furthermore, BILF1 is able to inhibit forskolin-triggered CREB
activation via stimulation of endogenous G proteins in a pertussis toxin-sensitive manner, verifying that BILF1 signals
constitutively through Gαi. It is thought that EBV may use BILF1 to regulate Gαi-activated pathways during viral lytic
replication, thereby affecting disease progression (Paulsen et al, 2005);

Cytomegalovirus (CMV) encoded US28 binds CC chemokines. Cytomegalovirus (CMV), a beta herpes virus, is a
widespread pathogen responsible for generally asymptomatic and persistent infections in healthy people. It may,
however, cause severe disease in the absence of an effective immune response, as in immunologically immature
and immunocompromised individuals (Lembo et al, 2004). Human CMV has been implicated in the etiology of
several human cancers, in particular, cervical carcinoma and adenocarcinomas of the prostate and colon (Doniger
et al, 1999). CMV has also been suggested to play a role in athlerosclerosis (Smit et al, 2003) where US28 is able
to induce migration of smooth muscle cells, a feature essential for the development of this condition;

CCR5 and CXCR4 GPCRs are involved in HIV. CXCR4 tropic virus is found in HIV patients, comprising <15% of
virus in treatment-naive patients (Dau and Holodniy, 2009). Its clinical utility as a target for HIV was initially demon-
strated by human genetics. Around 1-3% of Caucasian individuals (Samson et al, 1996) lack CCR5 expression,
due to a deletion in the CCR5 gene. This has little effect on normal immune function however this population is
highly protected against HIV infection.

CCR2 and herpes simplex virus where activation of chemokine expression and the role of CCR2 has been implicated
in HSV biology and pathogenesis (Cook et al, 2004).

[0153] In another embodiment an important target for the GPCR vaccines of the invention is the Duffy antigen receptor
for chemokines (DARC) and the malarial parasite responsible for recurring malaria, Plasmodium vivax. Although this is
less virulent than P. falciparum, it is the most frequent and widely distributed cause of tertian malaria, frequently causes
a severe complicated and long lasting illness and occasionally causing death through splenomegaly. 2.6 billion people
in countries across Asia and South America live in areas endemic for P. vivax and there are around 50-70 million clinical
episodes each year (Guerra et al, 2006; Mendis et al, 2001).
[0154] Treatment of malaria is usually the administration of chloroquine, however resistant forms of malaria to this
drug are emerging, eg, Korea; artesunate is not approved for use in the US; atovaquone-proguanil is an alternative for
patients unable to tolerate chloroquine. Quinine can be used for treatment but has an inferior outcome and primaquine
is used for eradication of the liver stages, but requires a check on G6PD status to reduce the risk of haemolysis in the
patient.
[0155] The Duffy blood group proteins Fya and Fyb act as receptors on erythrocytes for invasion by P. vivax (and P.
knowlesi). Interaction with DARC is mediated by P vivax Duffy binding protein (PvDBP) and essential for junction formation
- a key step in the invasion process by the merozoite parasite. Duffy negative individuals (which include the majority of
individuals from Africa) are naturally highly resistant to this parasite (Tournamille et al, 1995). The receptor binding region
of PvDBP is a conserved cysteine-rich region, known as PvRII. DARC-PvRII is the receptor/ligand interaction. Targeting
the blood stage of this parasite has several advantages in that it is during these stages that disease/illness occurs.
Therapies directed at the initial liver stage of infection could prevent infection per se however this is likely to be challenging
to achieve. Therapies directed at the blood stages during which replication occurs are likely to be effective at preventing
illness and complications as is found with the natural DARC deletions, Using the antagonist conformation of DARC as
a vaccine could stimulate the production of naturally occurring antibodies blocking the DARC-PvRII interaction and
subsequent infection.
[0156] Other medical conditions where a StaR vaccine would be of therapeutic benefit are exemplified by cardiovascular
indications, such as Angiotensin receptor in hypertension and CXCR4 in WHIM syndrome where heterozygous mutations
and truncations of the receptor’s C terminus causes a congenital immunodeficiency disorder (McGuire et al 2010).
Truncation of the receptor protein results in the inability of downregulation after stimulation. Thus, the receptor remains
in an activated state (Lagane et al, 2008).

Exemplary GPCR vaccine compositions and modes of administration

[0157] The GPCRs and polynucleotides of the present invention may be delivered using an injectable sustained-
release drug delivery system. These are designed specifically to reduce the frequency of injections. An example of such
a system is Nutropin Depot which encapsulates recombinant human growth hormone (rhGH) in biodegradable micro-
spheres that, once injected, release rhGH slowly over a sustained period.
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[0158] The GPCR proteins and GPCR encoding polynucleotides of the present invention can be administered by a
surgically implanted device that releases the drug directly to the required site. For example, Vitrasert releases ganciclovir
directly into the eye to treat CMV retinitis. The direct application of this toxic agent to the site of disease achieves effective
therapy without the drug’s significant systemic side-effects.
[0159] Electroporation therapy (EPT) systems can also be employed for administration. A device which delivers a
pulsed electric field to cells increases the permeability of the cell membranes to the drug, resulting in a significant
enhancement of intracellular drug delivery.
[0160] GPCR proteins and GPCR-encoding polynucleotides of the invention can also be delivered by electroincorpo-
ration (EI). EI occurs when small particles of up to 30 microns in diameter on the surface of the skin experience electrical
pulses identical or similar to those used in electroporation. In EI, these particles are driven through the stratum corneum
and into deeper layers of the skin. The particles can be loaded or coated with drugs or genes or can simply act as
"bullets" that generate pores in the skin through which the drugs can enter.
[0161] An alternative method of administration is the ReGel injectable system that is thermosensitive. Below body
temperature, ReGel is an injectable liquid while at body temperature it immediately forms a gel reservoir that slowly
erodes and dissolves into known, safe, biodegradable polymers. The active drug is delivered over time as the biopolymers
dissolve.
[0162] Preferably, the pharmaceutical formulation of the present invention is a unit dosage containing a daily dose or
unit, daily sub-dose or an appropriate fraction thereof, of the active ingredient.
[0163] The vaccine compositions of the invention can be administered by any parenteral route, in the form of a phar-
maceutical formulation comprising the active ingredient, optionally in the form of a non-toxic organic, or inorganic, acid,
or base, addition salt, in a pharmaceutically acceptable dosage form. Depending upon the disorder and patient to be
treated, as well as the route of administration, the compositions may be administered at varying doses.
[0164] In human therapy, the vaccine compositions of the invention can be administered alone but will generally be
administered in admixture with a suitable pharmaceutical exipient diluent or carrier selected with regard to the intended
route of administration and standard pharmaceutical practice.
[0165] The vaccine compositions of the invention can also be administered parenterally, for example, intravenously,
intra-arterially, intraperitoneally, intra-thecally, intraventricularly, intrasternally, intracranially, intra-muscularly, intra-na-
sally, or subcutaneously, or they may be administered by infusion techniques. They are best used in the form of a sterile
aqueous solution which may contain other substances, for example, enough salts or glucose to make the solution isotonic
with blood. The aqueous solutions should be suitably buffered (preferably to a pH of from 3 to 9), if necessary. The
preparation of suitable parenteral formulations under sterile conditions is readily accomplished by standard pharmaceu-
tical techniques well-known to those skilled in the art.
[0166] Formulations suitable for parenteral administration include aqueous and non-aqueous sterile injection solutions
which may contain anti-oxidants, buffers, bacteriostats and solutes which render the formulation isotonic with the blood
of the intended recipient; and aqueous and non-aqueous sterile suspensions which may include suspending agents and
thickening agents. The formulations may be presented in unit-dose or multi-dose containers, for example sealed ampoules
and vials, and may be stored in a freeze-dried (lyophilised) condition requiring only the addition of the sterile liquid carrier,
for example water for injections, immediately prior to use. Extemporaneous injection solutions and suspensions may be
prepared from sterile powders, granules and tablets of the kind previously described.
[0167] Generally, in humans, oral or parenteral administration is the preferred route, being the most convenient.
[0168] For veterinary use, the vaccine compositions of the invention are administered as a suitably acceptable formu-
lation in accordance with normal veterinary practice and the veterinary surgeon will determine the dosing regimen and
route of administration which will be most appropriate for a particular animal.
[0169] Preferred administration routes are: for either DNA or protein, intradermal, intramuscular or sub-cutaneous
using a needleless device. Dosages will be in the range of:

DNA ranges are 100mg to 6 milligrams (VGX-3100 for CIN2 and CIN3 surgically-treated patients)

[0170] Protein ranges from 100mg to 3 milligrams (eg, DCVax).
[0171] The formulations of the vaccine compositions of the invention may conveniently be presented in unit dosage
form and may be prepared by any of the methods well known in the art of pharmacy. Such methods include the step of
bringing into association the active ingredient with the carrier which constitutes one or more accessory ingredients. In
general the formulations are prepared by uniformly and intimately bringing into association the active ingredient with
liquid carriers or finely divided solid carriers or both, and then, if necessary, shaping the product.
[0172] Preferred unit dosage formulations are those containing a daily dose or unit, daily sub-dose or an appropriate
fraction thereof, of an active ingredient.
[0173] It should be understood that in addition to the ingredients particularly mentioned above the formulations of this
invention may include other agents conventional in the art having regard to the type of formulation in question.
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[0174] Advantageously, a GPCR protein and GPCR-encoding polynucleotide of the invention is administered alone.
However it may also be presented as a pharmaceutical formulation, together with one or more acceptable carriers. The
carrier(s) must be "acceptable" in the sense of being compatible with the GPCR and not deleterious to the recipients
thereof. Typically, the carriers will be water or saline which will be sterile and pyrogen-free.
[0175] The following examples illustrate pharmaceutical formulations according to the invention in which the active
ingredient is a GPCR protein and/or GPCR-encoding polynucleotide antibody of the invention.

[0176] The active ingredient is dissolved in most of the phosphate buffer (35-40°C), then made up to volume and
filtered through a sterile micropore filter into a sterile 10 ml amber glass vial (type 1) and sealed with sterile closures
and overseals.

[0177] The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then added and dissolved, and water
added to 3 ml. The mixture is then filtered through a sterile micropore filter and sealed in sterile 3 ml glass vials (type 1).
[0178] It is appreciated that when a GPCR protein is used as a vaccine, the GPCR may be in complex with a ligand.
An advantage of complexing the GPCR with a ligand is to enable the generation of antibodies with reduced side-effects.
For example, when the GPCR is bound to a ligand, epitopes (e.g. T cell and B cell epitopes) in that ligand binding site
are masked and so no antibodies specific for that binding site are generated; however, antibodies may still be generated
against ligand binding sites where the epitopes remain unmasked.
[0179] By "ligand" we include any molecule which binds to the GPCR. Many suitable ligands are known, for example
from WO 2008/114020 and Neubig et al (2003) Pharmacol. Rev. 55, 597-606, both of which are incorporated herein by
reference.
[0180] Conveniently, the ligand is one that binds to a GPCR so as to mask epitopes in a binding site of a natural ligand,
which ligand’s activity is still desired after vaccination.
[0181] Preferably, the above-mentioned ligands are small organic or inorganic moieties, but they may be peptides or
polypeptides.
[0182] Typically, the ligand binds to the GPCR protein with a Kd of from mM to pM, such as in the range of from mM
(micromolar) to nM. Generally, the ligands with the lowest Kd are preferred, and it is appreciated that the ligand should
preferably remain bound to the GPCR protein following administration of the vaccine.
[0183] The ligand may be a peptidomimetic, a nucleic acid, a peptide nucleic acid (PNA) or an aptamer. It may be an
ion such as Na+ or Zn2+, a lipid such as oleamide, or a carbohydrate such as heparin.
[0184] The ligand may be a polypeptide which binds to the GPCR. Such polypeptides (by which we include oligopep-
tides) are typically from Mr 500 to Mr 50,000, but may be larger. The polypeptide may be a naturally occurring GPCR-
interacting protein or other protein which interacts with the GPCR, or a derivative or fragment thereof. The polypeptide
ligand may conveniently be an antibody which binds to the GPCR. By the term "antibody" we include naturally-occurring
antibodies, monoclonal antibodies and fragments thereof. We also include engineered antibodies and molecules which
are antibody-like in their binding characteristics, including single chain Fv (scFv) molecules and domain antibodies
(dAbs). Mention is also made of camelid antibodies and engineered camelid antibodies.
[0185] In one embodiment, the ligand is covalently joined to the GPCR. Some GPCRs (for example thrombin receptor)
are cleaved N-terminally by a protease and the new N-terminus binds to the agonist site. Thus, such GPCRs are natural
GPCR-ligand fusions.
[0186] The GPCR may alternatively be complexed with other molecules such as by synthetically modifying the GPCR
by for example covalent attachment of moieties such as polyethylene glycol, to mask epitopes.
[0187] As an alternative to complexing the GPCR with a ligand to generate antibodies with reduced side-effects, the
GPCR may be engineered to ablate at least one ligand binding site. Thus, in one embodiment, the GPCR is an engineered
GPCR which, when compared to the wild type GPCR lacks at least one epitope in a first ligand binding site and preserves
at least one epitope in a second ligand binding site. For example, this may be accomplished by removing T cell epitopes

Injectable Formulation
Active ingredient 0.200 g

Sterile, pyrogen free phosphate buffer (pH7.0) to 10 ml

Intramuscular injection
Active ingredient 0.20 g
Benzyl Alcohol 0.10 g

Glucofurol 75® 1.45 g
Water for Injection q.s. to 3.00 ml
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and/or B cell epitopes from ligand A’s binding site, but leaving such epitopes in situ in ligand B’s binding site. Upon
vaccination, the GPCR would generate antibodies to the binding site of ligand B but not ligand A (i.e. leaving the ligand
A-receptor function intact).
[0188] T-cell epitopes can be predicted using algorithms or by using standard T-cell-peptide MHC Class I assays to
evaluate immunogenicity (Desmet et al, 2005 Proteins 58(1): 53-69). Similar algorithmic methods to predict B cell epitopes
are known in the art.
[0189] By an engineered GPCR we include the meaning of a GPCR wherein one or more epitopes have been ablated
using standard genetic engineering and recombinant technology techniques. Thus, the GPCR may be a mutant GPCR
which compared to its parent GPCR has one or more different amino acid sequences to the respective amino acid
sequences that define one or more epitopes in the parent GPCR. Preferably, the different amino acid sequences replacing
those sequences in the parent GPCR are non-immunogenic. By an engineered GPCR we also include the meaning of
a GPCR wherein one or more epitopes have been ablated by synthetically modifying the GPCR after its expression.

Use of GPCRs to inhibit activity of GPCR binding partners

[0190] As well as GPCRs having utility as vaccines, we have recognised that they may also be used to inhibit the
activity of GPCR binding partners when desirable to do so. For example, autoantibodies targeting GPCRs are implicated
in various disease conditions, and many toxins such as plant toxins and snake venoms target GPCRs. Thus, GPCRs
may be used to neutralise the activity of such undesirable binding partners, for example by acting as a decoy receptor
and/or aid the removal of the binding partners from a subject.
[0191] Accordingly, a further aspect of the invention provides a GPCR or a polynucleotide encoding said GPCR for
use in inhibiting an activity of a GPCR binding partner in a subject.
[0192] Preferences for the GPCR include those described above. Most preferably, the GPCR is a mutant GPCR that
has increased stability relative to its parent GPCR in a particular conformation, such as an agonist or antagonist con-
formation.
[0193] It will be appreciated, that when the GPCR is used to inhibit the activity of a given GPCR binding partner, the
GPCR is one that binds to that GPCR binding partner. Preferably, the GPCR is one that binds selectively to that GPCR
binding partner (i.e. to a greater extent than it binds to any other GPCR binding partner) and most preferably one derived
from the same species as the GPCR binding partner in question. Thus, when the GPCR is used to inhibit the activity of
a human GPCR binding partner, the GPCR is a human GPCR, and so on.
[0194] Typically, the GPCR binding partner is one that is present in a subject at a particular concentration that produces
an undesirable effect in vivo. For example, the binding partner may be a GPCR autoantibody or it may be a toxin that
binds to GPCRs or it may be an endogenous GPCR ligand, such as one that is present at above normal concentrations.
Specific examples are provided below.
[0195] By ’an activity of a GPCR binding partner’ we include the meaning of the GPCR binding partner’s biological
activity in vivo.
[0196] Typically, the activity is a GPCR signalling pathway modulating activity by virtue of the binding partner binding
to a GPCR. This signalling pathway modulating activity can be assessed by any suitable assay known for the particular
GPCR signalling pathway. For example, the activity may be measured by using a reporter gene to measure the activity
of the particular signalling pathway. By a reporter gene we include genes which encode a reporter protein whose activity
may easily be assayed, for example β-gatactosidase, chloramphenicol acetyl transferase (CAT) gene, luciferase or
Green Fluorescent Protein (see, for example, Tan et al, 1996 EMBO J 15(17): 4629-42). Several techniques are available
in the art to detect and measure expression of a reporter gene which would be suitable for use. Many of these are
available in kits both for determining expression in vitro and in vivo. Alternatively, signalling may be assayed by the
analysis of downstream targets. For example, a particular protein whose expression is known to be under the control of
a specific GPCR signalling pathway may be quantified. Protein levels in biological samples can be determined using
any suitable method known in the art. For example, protein concentration can be studied by a range of antibody based
methods including immunoassays, such as ELISAs, western blotting and radioimmunoassay.
[0197] By ’an activity of a GPCR binding partner’ we also include the meaning of the GPCR binding partner binding
to endogenous GPCR in a subject. Binding activity can be assessed using routine binding assays known in the art.
[0198] By ’inhibits an activity of a GPCR binding partner’ we include the meaning of reducing the activity of the GPCR
binding partner or reducing the activity to a substantially undetectable level or abolishing the activity.
[0199] It is preferred if the GPCR inhibits an activity of a GPCR binding partner selectively. By ’inhibits selectively’ we
include the meaning that the GPCR has an IC50 value for a particular GPCR binding partner which is lower than for
other chemical moieties (e.g. GPCR binding partners). Preferably, the GPCR has an IC50 value for a particular GPCR
binding partner which is at least five or ten times lower than for at least one other chemical moiety (e.g. GPCR binding
partner), and preferably more than 100 or 500 or 1000 or 5000 times lower.
[0200] It is appreciated that a GPCR may inhibit an activity of a GPCR binding partner either by binding to a GPCR
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binding partner in vivo so as to prevent the binding partner binding to endogenous GPCR (and thereby modulating GPCR
signalling) and/or by binding to a GPCR binding partner so as to remove it from a subject ex vivo.

Applications of inhibiting activity of GPCR binding partner - neutralisation/removal of anti-GPCR antibodies

[0201] Autoantibodies targeting GPCRs are associated with various pathological conditions in a similar manner to
activating or inactivating mutations of GPCRs. As yet, it is unclear if the autoantibodies result from the primary target-
damaging disease mechanism or if they are generated secondary to a pre-existing injury or infection, and this may well
vary according to disease. Examples of disease conditions linked to agonist or antagonist GPCR autoantibodies include: -

- Graves disease: TSH receptor;
- Atherosclerosis: β2AR;
- Cardiomyopathy:

a) Allergic asthma - β2AR;
b) Dilated cardiomyopathy - β1AR;;
c) Chagas’ cardiomyopathy - β1AR and M2 muscarinic;
d) Ischaemic cardiopathy -β1AR;

- Hypertension:

a) Refractory hypertension - Alpha1A-adrenergic receptor;
b) Malignant hypertension - Alpha1A-adrenergic receptor;
c) Pre-eclampsia (hypertension in pregnancy) - angiotensin II type I receptor;

- Autoimmune Polyendocrine Syndrome Type 1: Calcium-sensing receptor;
- Recipients of renal allografts with severe vascular rejection and malignant hypertension with no anti-HLA antibodies:

Angiotensin II type I receptor. Although the epitopes for these autoantibodies are located on the same region of the
molecule, there appears to be a distinction between the epitopes mapped in both conditions;

- Diabetes: autoantibodies for angiotensin II type I receptor, β1AR and Alpha1A-adrenergic receptor have been
reported in type 2 diabetes patient sera. The presence of these autoantibodies has implications for diabetic com-
plications, such as hypertension and vascular damage;

- Sjögrens syndrome: Muscarinic acetylcholine receptor;
- Autoimmune encephalitis: GABAB receptor.

[0202] Thus, any of the mentioned GPCRs may be used to remove the corresponding GPCR autoantibodies and have
therapeutic benefit according to the invention.
[0203] The production of GPCR autoantibodies is believed to stem from the degradation of GPCRs to peptides that
complex with HLA class II molecules for presentation to the immune system. This then induces an autoimmune response
that is precipitated in certain conditions.
[0204] Molecular mimicry may be responsible for the initial activation of T cells that are auto-reactive, as well as
subsequent expansion of T cell memory cells. Evidence for this is provided by β1AR autoantibodies thought to be
generated as a result of Trypanosoma cruzi infection, where a functional autoimmune response has been demonstrated
against cardiac β1AR. Further, it has also been demonstrated that there is a structural basis for the cross-reaction
between an antibody to the T. cruzi P2β protein and the β1AR receptor (Smulski et al 2006).
[0205] Additional supporting evidence for molecular mimicry is anti-M2 AchR autoantibodies. These have been detected
in patients with Chagas disease and have been affinity purified from polyclonal patient sera. A sub-population of affinity
purified antibodies has also been isolated that recognise a cross-reactive epitope on both the β1AR and M2AchR receptors
that corresponds to a polyanionic domain of ECL2. This polyanionic region also corresponds to the cross-reactive epitope
between the T. cruzi P2β protein and the β1AR receptor mentioned above.
[0206] Chagas disease results from infection with the parasite T. cruzi that is spread by biting insects. The disease is
estimated to affect approximately eight million people in Latin America, of whom approximately 30-40 percent will develop
serious cardiac disease, digestive disease, or both as a result of infection. It is recognized by the World Health Organization
(WHO) as a neglected tropical disease and is also becoming an emerging health problem in non-endemic areas via
migration of infected populations from endemic areas. Currently, only two drugs are approved for treatment: benznidazole
and nifurtimox.
[0207] A yet further example of molecular mimicry is believed to be parvovirus B19 antibodies against VP2 epitopes,
which have been associated with the generation of AT1R Abs in pre-eclampsia (Herse et al, 2009).
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[0208] Immune responses raised against non-specific infections or local hypoxia (both of which effectively stimulate
antibody production) can also induce tissue damage which is thought to have a role in generating anti-GPCR antibodies.
These agonistic autoantibodies often target the second extracellular loop of the GPCR in question and activate the
receptor. Significantly, it is possible for antagonists to abolish interaction of the autoantibodies with the receptor thereby
preventing damage to the target tissue.
[0209] Further GPCR autoantibodies that have been implicated in disease are described below.
[0210] In Graves’ disease, autoantibodies against the TSH receptor leads to excessive thyroid hormone synthesis
and directly cause thyrotoxicosis and thyroid hyperplasia resulting in hyperthyroidism (and goitre) due to autoantibodies
mimicking TSH binding to cause production of intracellular cAMP (Prabhakar et al, 2003). Some of these autoantibodies
are reported to activate phospholipase A thereby contributing to goitre (Di Paola et al, 1997). The mechanism of disease
also leads to orbital tissue inflammation and thyroid-associated opthalmopathy (Douglas et al, 2010). The ideal treatment
for patients suffering from Graves’ disease would correct the autoimmune responses in the thyroid and orbit of the eye
so as to enable restoration of normal thyroid function and elimination of the opthalmopathy. However, this is not yet
available and current treatments comprise anti-thyroid drugs, radioactive iodine and surgery. Immunosuppressive therapy
would be nonspecific and thus create side effects. Therefore, using a TSH GPCR to remove and/or neutralise circulating
autoantibodies would provide a much more satisfactory alternative for the patient.
[0211] Alpha 1AR, β1AR and AT1R autoantibodies have been implicated in cardiovascular and renal pathologies.
These autoantibodies are thought to induce various cardiovascular and renal injuries, but the mechanisms of injury are
not clear. Ultimately, induction of signal transduction pathways by alpha 1AR autoantibodies will lead to PKC-α in
cardiomyocytes and Erk 1/2 kinases in vascular smooth muscle cells (both implicated in hypertension induced organ
damage). These autoantibodies also induce short-term Ca2+ responses.
[0212] β1AR autoantibodies are better characterised than alpha 1AR autoantibodies and activate the β1AR receptor
by stabilising the receptor agonist conformation, i.e. they act as agonists. The signalling pathways involved include those
leading to cardiomyocyte toxicity. Direct evidence for this has been illustrated by inducing cardiomyopathy by immunising
rats with β1AR extracellular loop epitopes, and then transferring the disease to healthy rats by passive transfer of the
autoantibodies (Jahns et al, 2004).
[0213] Angiotensin AT1R autoantibodies are involved in Erk 1/2 kinase signalling pathway and directly influence
endothelial and vascular smooth muscle cells. Autoantibodies against AT1R have been implicated in haemostasis and
inflammation manifesting as graft rejection in renal transplantation, structural changes in the arterial wall associated with
clotting and luminal narrowing, and placental abnormalities. Evidence for these changes includes an example where
AT1R autoantibodies from women suffering pre-eclampsia were infused into pregnant mice that subsequently developed
key symptoms of pre-eclampsia, including hypertension, proteinuria and pathological changes in the placenta (Zhou et
al, 2010). AT1R agonistic autoantibodies have been demonstrated to stimulate sEng via receptor activation (Zhou et al,
2010) where the placenta was identified as the source contributing to sEng production. Soluble endoglin (sEng) is found
in high circulating levels in pre-eclampsic women and levels directly correlate with disease severity. The induction of
sEng by AT1R autoantibodies is mediated via TNFα, which subsequently leads to impaired placental angiogenesis.
[0214] Anti-calcium-sensing receptor (CaSR) antibodies have been detected in a subset of patients with autoimmune
polyendocrine syndrome type 1 (APS1). CaSR maintains calcium homeostasis and regulates PTH synthesis and renal
calcium excretion. These antibodies were characterised by their ability to increase both Ca2+-dependent ERK1/2 phos-
phorylation and inositol phosphate (IP) accumulation in CaSR-expressing HEK293 cells (Kemp et al, 2009). Such anti-
bodies are likely to have a direct role in the pathogenesis of the condition. APS1 is caused by a rare autosomal recessive
disorder caused by mutations in the autoimmune regulator gene (AIRE) and is characterised by multiple organ-specific
autoimmunity, as well as ectodermal pathologies. Hypoparathyroidism occurs in 80% of patients and is associated with
hypocalcemia, hyperphosphatemia and low serum levels of PTH. It has been suggested that these clinical symptoms
could result from a humoral immune response to parathyroid cells.
[0215] Activating anti-CaSR autoAbs have also been described in a subset of patients suffering from autoimmune
hypoparathyroidism (AH) as well as autoimmune hypocalciuric hypercalcemia (AHH) with one unique autoantibody
reported as an allosteric modulator (Makita et al, 2007) and another as a blocking autoantibody that inhibited the calcium
signalling pathways (Pallais et al, 2004). It is thought that disease pathogenesis in the subset of patients where activating
autoantibodies have been described is the result of functional suppression of the parathyroid glands rather than irre-
versible destruction (Kemp et al, 2009). In fact, it has been observed that patients can still retain morphologically intact
tissue (Kifor et al, 2004). Therefore, the removal of such autoantibodies could potentially restore residual function of the
parathyroid tissue.
[0216] Autoantibodies against the muscarinic acetylcholine receptor (mAchR) are believed to be responsible for dis-
ease manifestations in Sjögren’s syndrome.
[0217] Autonomic nervous system (ANS) abnormalities are common in Sjögren’s syndrome; failure of sympathetic
and parasympathetic innervation of the exocrine glands, such as salivary and lachrymal glands, affects vascularity and
secretory function. It is thought that this dysfunction is mediated by faulty muscarinic receptor signalling. Specifically,
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the type 3 receptor is responsible for saliva production and it has been reported that autoantibodies against the M3R
are present in up to 90% patients. Most studies have focused on the extracellular loop 2 as the antigenic determinant,
but more recently data has been described that suggests that the extracellular loop 3 possesses the functional epitope
reactive with autoantibodies (Koo et al, 2008). In addition, it has also been demonstrated that affinity purified anti-M3R
autoantibodies can block other antibodies from binding to the nerve ending junctions of epithelial cell membranes isolated
from normal salivary glands.
[0218] Autoantibodies against mAchR have also been reported in the sera of patients in Stage 1 breast cancer; the
study described the characterisation of immunoglobulin G purified from breast cancer patients and the ability of the IgG
to modulate proliferation of MCF-7 breast cancer cells (Negroni et al 2010) by stimulation of the muscarinic signalling
pathway. The authors demonstrated M3 and M4 receptor expression in MCF-7 cells and that the proliferative effect of
the autoantibodies was due to M3 receptor activation via phospholipase C-induced nitric oxide release by calcium-
dependent nitric oxide synthases.
[0219] Autoantibodies to the GABAB receptor have been implicated in the pathogenesis of autoimmune encephalitis.
It has even been suggested that these autoantibodies possess complement-dependent-cytotoxicity or CDC.
[0220] Hence, there is demand for a simple and effective strategy for the rapid reduction of these autoantibody titres.
Extracorporeal plasma exchange (PE) has clinically validated the strategy of removing disease-causing autoantibodies
as evidenced by the great improvement in patient disease status. However, PE is a blanket process removing all
immunoglobulins and other plasma proteins in the process. Thus, using GPCRs to selectively reduce the activity of the
particular autoantibodies either by aiding the selective removal of autoantibodies ex vivo and/or by neutralising their
effect in vivo (e.g. by acting as a decoy receptor) would be of greater clinical significance and value for the patient.
[0221] Precedence for removing autoantibodies by immunoadsorption is provided by the studies of Wenzel et al 2008.
[0222] Precedence for an in vivo adsorption strategy has been exemplified by using nanodiscs incorporated with the
acetylcholine receptor for the adsorption and removal from the circulatory system of autoantibodies prevalent in myasthe-
nia gravis in a murine disease model (Sheng et al, 2010). Also, polyclonal ovine antibody fragments such as DigiFab™
and Digibind® are being investigated for the treatment of severe pre-eclampsia and eclampsia (a condition that occurs
in 10% of pregnancies worldwide per year) as a means to combat autoantibodies.

Applications of inhibiting activity of GPCR binding partner - neutralisation/removal of toxins

[0223] GPCRs also have the potential to be of value in treating intoxication. It is well documented that a number of
plant toxins and alkaloids, as well as several snake venoms, target GPCRs.
[0224] Toxins whose activity may be inhibited by GPCRs are discussed below.
[0225] A recent detailed study of plant toxins reviewed common sources of plant poisonings of dogs and cats in South
Africa (Botha and Penrith, 2009). Although the study focussed on dogs and cats, it can nevertheless be extended to
humans as many of these plant species are endogenous to other geographical locations or have been exported as
ornamental garden plants across the world. The plant species included Cannabis sativa (toxin is Delta 9 THC targeting
the CB1 receptor); Datura stramonium also known as Jimsonweed and the Belladonna or nightshade spp (toxin is
atropine targeting the mAchR); and Ornithogalum spp which includes tulips, lilies and daffodils (toxin is calcium oxalate
crystals). Calcium oxalate crystals are also present in the Araceae family and soluble calcium oxalate is found in numerous
common garden plants, such as rhubarb. Soluble oxalate poisoning has been reported in several species of livestock.
[0226] Cardiac glycosides derived from digoxin found in Digitalis spp (Foxglove) can present a danger with regard to
overdosing or deliberate self-poisoning.
[0227] Common oleander (Nerium oleander) and particularly yellow oleander (Thevetia peruviana) are common garden
plants that also contain cardiac glycosides. Oleaner poisoning kills by blocking acetylcholinesterase (Ach) leading to
increase in Ach by over stimulation of muscarinic receptors. Patients develop digoxin-like toxicity because of the cardiac
glycosides. Atropine administration can control the production of fluid (sweat, lungs, mouth), but it is unable to prevent
acute respiratory failure. In this instance, rather than removing the plant toxin ex vivo using a GPCR, the strategy would
be to remove excessive levels of acetylcholine in vivo using a muscarine acid receptor. Thus, in this case, the GPCR
binding partner is a GPCR ligand, the concentration of which has increased to undesirable levels due to the presence
of a toxin. Some precedence has been set for this approach where Fab fragments have been used to specifically target
digoxin neutralisation and clearance.
[0228] Various drugs are often involved with poisonings & toxicities, either after accidental overdosing or deliberate
consumption, such as with recreational drugs.
[0229] For example, cannabinoid hyperemesis syndrome is characterized by chronic, heavy use of cannabis, recurrent
episodes of severe nausea and intractable vomiting, and abdominal pain. Other than stopping cannabis use, there is
no proven treatment. Cannabis intoxication can also cause psychosis with the risk of psychosis or even schizophrenia
increasing with higher potency varieties.
[0230] The opioid family of receptors is probably the most obvious receptor class associated with toxin effects, in
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particular the m-opioid receptor which is the major target of analgesics. Opioid poisoning may occur accidently with
regard to pain management and the administration of analgesic. A higher dose may be required over time to maintain
the same level of analgesia due to opioid-induced tolerance. At times, progressive disease may be the reason for higher
opioid requirements. Morphine and methadone are used as opioid agonists and are often substances of abuse even in
the rehabilitation treatment of heroin users. Here the danger of addiction and the link to overdosing is clear.
[0231] Bromo-DragonFLY is a psychedelic hallucinogenic drug related to the phenethylamine family. It is considered
an extremely potent hallucinogen, only slightly less potent than LSD with a normal dose in the region of 200mg to 800mg,
and has long duration of action up to several days. The hallucinogenic effect is mediated by its agonist activity at the 5-
HT2A serotonin receptor. Bromo-DragonFLY also has a high binding affinity for the 5-HT2B and 5-HT2C serotonin recep-
tors, and is considered a non-subtype selective 5-HT2 agonist. However, it is actually twice as potent for 5-HT2C receptors
as for 5-HT2A, as well as being less than 5x selective for 5-HT2A over 5-HT2B. The toxicity of Bromo-DragonFLY appears
to be fairly high for humans when taken in doses above the therapeutic range. Another property of this compound is
that it can be a long-acting efficacious vasoconstrictor, leading to necrosis and gangrene which can be delayed by
several weeks after the initial overdose.
[0232] Other toxins that target GPCRs include the muscarinic toxin (MT) snake venoms that bind to muscarinic ace-
tylcholine receptors (Potter et al 2001) and some recently described toxins that possess beta-blocking activity (Rajag-
opalan et al, 2007).
[0233] MTs have been isolated from the venom of the East African green mamba Dendroaspis angusticeps (toxins
MT1-MT7), the black mamba Dendroaspis polylepis (toxins MTα, MTβ and MTγ), and the Chinese cobra Naja atra. A
3FTX described as a β-cardiotoxin with beta-blocker activity has been isolated from King cobra Ophiophagus hannah
venom and characterised for functional activity. The genus Dendroaspis belongs to the Elapidae family which includes
the cobra genus Naja and so it is not surprising that the venoms of the mambas and the cobras have similarities.
[0234] MT toxins are often described as three-finger toxins (3FTX) and are closely homologous to α-neurotoxins and
are usually non-enzymatic. Interestingly, it has been reported that the Chinese cobra Naja atra venom also contains
phospholipase A2 activity that potentially targets mAchRs directly or induces acetylcholine release via another mechanism
(Huang et al, 2008). All members of this family share a similar fold that consists of three finger-like loops made of a β-
sheet structure that protrudes from a globular core and is stabilized by several intra-molecular disulphide bonds giving
rise to a compact "β-cross motif".
[0235] MTs exhibit moderate to high selectivity among the mAchR receptor subtypes, for example MT7 is a highly
potent and selective antagonist for the M1 mAchR subtype with no detectable cross-specificity for the other subtypes
(Fruchart-Gaillard et al, 2006), whereas the FTX MTα has also been reported to be a selective α2B-adrenoreceptor
antagonist with more potency for the α2B-adrenoreceptor than for the muscarinic receptors (Koivula et al, 2010). Differ-
ences between the toxins do exist; m1-toxin1 and m4-toxin (MT3) are antagonists (Cuevas et al, 1997) whereas MT1
and MT2 are allosteric agonists (Jerusalinsky et al, 1995). There is variability in the binding affinities, where m1-toxin1
binds specifically and irreversibly to M1 receptors, m4-toxin binds with over 100-fold high affinity to M4 receptors than
M1 receptors, with other toxins binding reversibly and to more than one receptor subtype. It has been suggested that
the C-terminal Lys of m1-toxin1 may contact an outer loop of the M1 receptor (Krajejewski et al, 2001). Consequently,
a decoy receptor engineered in a conformation designed to specifically bind m1-toxin1 and/or other high affinity binding
toxins would be of tremendous utility for medical emergency treatment of potentially fatal envenomation that requires
immediate hospitalisation.
[0236] Given the severe shortage of affordable antivenoms and antitoxins in the developing world, compounded by
limited antidote development, GPCRs have the potential to be effective at treating envenomated subjects.
[0237] Precedence for the neutralisation of toxins is provided by an anti-digoxin Fab used to treat oleander poisoning.
Anti-digoxin Fab began clinical trials in Sri Lanka in 1996-7 and was released in 2001 with stocks running out in 2002
due to affordability. The antitoxin Fab fragment markedly reduced case fatality and its absence resulted in a three-fold
rise in deaths (Eddlestone et al, 2003). Other anti-toxin examples include anti-digoxin Fab fragments for the treatment
of digoxin toxicity (Sinclair et al 1989), marketed as DigiFab and DigiBind, and ViperaTAb for combating cardiotoxins
present in viper venom (some of which could potentially affect the β1AR receptor).
[0238] It is appreciated that intravenous injection of a GPCR as a decoy receptor would be most appropriate where
immediate action is required for the neutralisation/detoxification process, as well as a simple first-on-scene treatment
prior to transporting a patient for further emergency treatment. Further treatment may then include passing patient blood
or plasma over an affinity column comprising a GPCR as a means of capturing and removing any remaining toxin in
circulation.

Methods for inhibiting activity of GPCR binding partners

[0239] As discussed above, GPCRs may be used to inhibit the activity of GPCR binding partner by removing GPCR
binding partners such as autoantibodies, toxins and endogenous ligands from a subject (ex vivo removal).
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[0240] Thus, the invention provides a method of selectively removing a GPCR binding partner from a subject, the
method comprising providing fluid from the subject containing the GPCR binding partner (e.g. autoantibody or toxin)
and contacting the fluid with a GPCR so as to remove the GPCR binding partner from the fluid.
[0241] Similarly, the invention provides a method of inhibiting an activity of a GPCR binding partner in a subject, the
method comprising selectively removing the GPCR binding partner from a subject extracorporeally by means of a GPCR.
[0242] The fluid from which the GPCR binding partner has been removed is usually reintroduced into the subject.
Conveniently therefore, the method comprises (i) establishing an extracorporeal circulation system wherein whole blood
or components thereof are contacted with a GPCR capable of binding to the GPCR binding partner to be removed so
as to remove the GPCR binding partner (e.g. by affinity chromatography), and (ii) returning the contacted whole blood
or components thereof into the original blood, wherein the contacted whole blood or components thereof contain sub-
stantially fewer GPCR binding partner (e.g. autoantibody, toxin or endogenous ligand) relative to the amount originally
residing in the subject.
[0243] Preferences for the GPCR and GPCR binding partner include those described above. Conveniently, the GPCR
is one that has increased stability in a particular conformation relative to a parent GPCR (e.g. in an agonist or antagonist
conformation).
[0244] By ’selectively removing’ we include the meaning that the GPCR binding partner in the fluid is removed to a
greater extent than any other component of the fluid.
[0245] Preferably, only the GPCR binding partner is removed. For the avoidance of doubt, by ’removing’ we also
include the meaning of reducing the concentration of the GPCR binding partner in the fluid. Typically, the method reduces
the concentration of the GPCR binding partner in the fluid at least by 5 times, 10 times, 50 times or 100 times, and most
preferably the method reduces the concentration to an undetectable level.
[0246] Generally, the fluid is a blood fluid such as plasma or serum or whole blood. Typically, the fluid is blood plasma
and the GPCR binding partner is selectively removed by plasma exchange.
[0247] The GPCR binding partner may be removed using affinity chromatography. Thus, in one embodiment, the fluid
containing the GPCR binding partner is subjected to affinity chromatography using an adsorbent comprising a GPCR.
[0248] It is appreciated that the invention also provides an adsorbent for selectively removing a GPCR binding partner
from a subject, which adsorbent comprises a GPCR.
[0249] As is well known in the art, a variety of matrix materials can be used in the adsorbent provided that it is inert.
By "inert" we including the meaning that the matrix material does not have any negative impact on the various fluids
used in affinity chromatography, such as blood plasma, binding buffers, regeneration buffers, or storage buffers and the
like. Suitable matrix materials-include carbohydrates such as cross-linked modified agarose, silicates, glasses, and
organic polyreaction products including polymers or copolymers. The matrix material may be present in any form such
as spherical, planar or fibrous, and may be porous or non-porous. It may be present in the form of porous beads. Further,
the matrix material is typically biocompatible, and additionally, exhibits substantially no leakage. Examples of a solid
matrix material for GPCR immobilisation include polymers such as agarose; cellulose; polystyrene; Mono Q; Source;
and activated affinity resins. For coupling the GPCR to the matrix material, the GPCR can be directly coupled onto the
matrix material via a chemical reaction or indirectly coupled onto the matrix material using a spacer. Typically, the GPCR
is coupled by the use of a Nor preferably a C-terminal tag, examples including but not limited to a His-tag (His6 or His10),
a terminal Biotin and a FLAG tag. Preferably, the GPCR coupled to the matrix is a mutant GPCR that has increased
conformational stability relative to its parent GPCR in a particular conformation (e.g. agonist).
[0250] As well as being used to remove GPCR binding partners ex vivo, GPCRs may also be used to inhibit the activity
of a GPCR binding partner in vivo (i.e. in vivo neutralisation). Thus, the invention also provides a method of inhibiting
an activity of a GPCR binding partner in a subject, the method comprising administering a GPCR or a polynucleotide
encoding said GPCR to the subject. In this way, the GPCR may be used to remove the GPCR binding partner from the
circulation by in vivo adsorption which neutralises the effect of the GPCR binding partner by preventing it from binding
to endogenous GPCR. Typically, the method comprises administering purified GPCR protein to the subject.
[0251] Preferences for the GPCR and GPCR binding partner include those described above. Conveniently, the GPCR
is one that has increased stability in a particular conformation relative to a parent GPCR (e.g. in an agonist or antagonist
conformation).
[0252] In certain embodiments, the GPCR is administered alone.
[0253] Suitable formulations and routes of administration include those described above. Preferably, the GPCR is
administered intravenously, for example using an intravenous drip.
[0254] The invention includes a method of combating a condition in which a GPCR binding partner is implicated, the
method comprising carrying out a method of inhibiting the activity of a GPCR binding partner as defined above.
[0255] Similarly, the invention includes a GPCR for use in combating a condition in which a GPCR binding partner is
implicated, and the use of a GPCR in the manufacture of a medicament for combating a condition in which a GPCR
binding partner is implicated.
[0256] By a condition in which a GPCR binding partner is implicated, we include the meaning of any biological or
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medical condition or disorder in which at least part of the pathology is mediated by an activity of a GPCR binding partner,
typically a GPCR signalling modulating activity by virtue of the binding partner binding to endogenous GPCR. The
condition may be caused by the GPCR binding partner activity or may simply be characterised by the GPCR binding
partner activity. It is expected that inhibiting a GPCR binding partner activity will prevent, ameliorate or treat the condition
so characterised. Thus, by combating a particular disease or condition we include the meaning of reducing or alleviating
symptoms in a patient (i.e. palliative use), preventing symptoms from worsening or progressing, combating the disorder
(e.g. by inhibition or elimination of the causative agent), or prevention of the condition or disorder in a subject who is
free therefrom.
[0257] Generally, the condition is an autoimmune disorder or evenomation or intoxication, such as any of those con-
ditions described above.
[0258] The subject in the methods and uses of the invention may be a mammalian individual, such as a human, horse,
dog, pig, cow, sheep, rat, mouse, guinea pig or primate. Preferably, the subject is a human.
[0259] In a separate aspect of the invention, antibodies generated to a particular GPCR can be conjugated to various
drugs for targeted therapeutic intervention, for example, in the treatment of cancer. Particularly useful antibodies for this
purpose would be camel antibodies. It is appreciated that the antibody would not necessarily need to have functional
activity for this purpose provided that it retained specific binding for the receptor in question (e.g. for use in targeted
radiotherapy). It will also be understood that targeted delivery of toxins, such as auristatins that are anti-tubulin drugs
(Seattle Genetrics - Antibody Drug Conjugate technology) or maytansinoids (Immunogen - Targeted Antibody Payload
technology) would require internalisation.
[0260] The invention will now be described in more detail with respect to the following Figures and Examples wherein:

DESCRIPTION OF FIGURES

[0261]

Figure 1 - Alignment of the turkey β-adrenergic receptor with human β1, β2 and β3 receptors.

Figure 2 - Alignment of human adenosine receptors.

Figure 3 - Alignment of neurotensin receptors.

Figure 4 - Multiple sequence alignment of human beta-2AR, rat NTR1, turkey beta-1 AR, human Adenosine A2aR
and human muscarinic M1 receptors. In each sequence, thermostabilising mutations are marked with a box. Muta-
tions occurring in two or more sequences are denoted with a star.

Figure 5 - Confirmation of cell surface expression (HEK293)
β 1AR StaR expression is detected by an anti-tag antibody and represented by the green curve (marked G); the
negative control, an irrelevant cDNA, is represented by the blue curve (marked B).

Figure 6 - Evaluation of sera titre in immune response by FACS
A pre-immune sera sample (Mouse 1) was compared with an interim bleed to monitor the immune response. The
green curve (marked G) represents β1AR StaR expressing cells; the red curve (marked R) represents cells trans-
fected with an irrelevant cDNA. A significant immune response was observed in the immunised cohorts.

Figure 7 - Evaluation of sera titre in immune response by ELISA
His-tagged β1AR StaR (36m23) was immobilised on a 96-well nickel chelate plate and sera samples diluted for
analysis to evaluate binding to β1AR. In mice, boosting with StaR protein maintains titre at the same level or increases
titre slightly.

Figure 8 - Immunofluoresence
The immunofluorescence data demonstrates that expression and subcellular localisation of the StaR is similar to
that observed with the wild-type receptor.

A. Controls - detection of N terminally HA-tagged WT and StaR.
B. Mouse sera - native conditions
C. Rat sera - native conditions

Figure 9 - FACS evaluation to eliminate cross-reactivity with B2AR
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Cells were transiently transfected with either B1AR or B2AR. Mouse and rat sera samples were incubated with cells
expressing B1AR, B2AR and untransfected cells and bound sera detected using anti-mouse Alexa Fluor 488 and
anti-rat Alexa Fluor 488, respectively. FACS analysis was conducted using a FACS Canto II flow cytometer (BD
Bioscience).The mean fluorescence intensity (MFI) was plotted as a bar chart for each sera sample (A) with the
histogram profiles for the mouse 4 sera sample depicted in (B).

Figure 10 - Confirmation of cell surface expression in HEK293 cells
NTS1 StaR expression is detected by an anti-tag antibody and represented by the green curve (G); the negative
control, an irrelevant cDNA, is represented by the blue curve (B)

Figure 11 - Evaluation of sera titre in immune response - FACS Analysis:

A. Mice immunised with StaR cDNA
The green curve represents sera from mice immunised with StaR cDNA binding to NTS1 StaR expressing cells;
the blue curve represents the same sera sample binding to wild-type NTS1 expressing cell; the red curve
represents cells transfected with an irrelevant cDNA. A significant immune response was observed in the im-
munised cohorts with the polyclonal sera binding similarly to wild-type and StaR receptor.
B. Mice immunised with WT receptor
The green curve represents sera from mice immunised with WT cDNA binding to NTS1 StaR expressing cells;
the blue curve represents the same sera sample binding to wild-type NTS1 expressing cell; the red curve
represents cells transfected with an irrelevant cDNA. A significant immune response was observed in the im-
munised cohorts with the polyclonal sera binding similarly to wild-type and StaR receptor.

Figure 12 - ELISA analysis
Sera samples were analysed for binding to solubilised membrane preparations of neurotensin receptor immobilised
to nickel chelate plate surfaces. Detection was using anti-mouse HRP conjugate with TMB substrate and a positive
control was provided by an anti-neurotensin polyclonal that was detected using anti-guinea pig HRP conjugate. The
ELISA data reflects the FACS analysis, ie, that the StaR DNA immunisation gave a similar antibody response to
the WT DNA immunisation, where an increasing sera titre can be detected throughout the boosting period as shown
by interim bleed 1 (IB1), interim bleed 2 (IB2) and the final bleed). Sera samples were evaluated at 3 different
dilutions (1:500, 1:1000 and 1:5000).

Figure 13 - Mouse and rat polyclonal functional evaluation

Figure 14 - Rabbit polyclonal functional analysis

Figure 15 - Stability of β1AR StaR in presence of different adjuvants

Figure 16 - Evaluation of sera titre in immune response by FACS
Preimmune sera samples were compared with interim bleeds to monitor the immune response. The green curve
(marked G) represents interim bleed on β1AR StaR expressing cells; the red curve (marked R) represents interim
bleed on cells transferred with irrelevant cDNA, and the blue curve (marked B) represents pre-immune bleed on
cells transfected with β1AR StaR.

Figure 17 - Evaluation of sera titre in immune response by ELISA

Figure 18 - Evaluation of sera titre following challenge with β1AR StaR protein plus MPL adjuvant. (A) FACS
analysis. The green curve (marked G) represents interim bleed on cells transfected with β1AR; the red curve (marked
R) represents interim bleed on cells transfected with irrelevant cDNA; and the blue curve (marked B) represents
pre-immune bleed on cells transfected with β1AR. (B) ELISA analysis.

Figure 19 - Evaluation of sera titre in immune response of rabbit by (A) FACS and (B) ELISA

Figure 20 - CRE SPAP cAMP evaluation of functional activity on polyclonal IgG and corresponding antibody
fragments

Figure 21 - Dose response assessment of monoclonal antibodies using the CRE-SPAP cAMP assay
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Figure 22 - Functional evaluation of monoclonal antibodies in the HitHunter cAMP assay

Figure 23 - Western blot analysis to investigate conformational sensitivity

Figure 24 - Evaluation of β-arrestin recruitment

Figure 25 - Agonist activity with both turkey and human wild type receptors

EXAMPLES

Example 1: Immunisation with β1AR36m23 StaR

Genetic immunisation and boosting with protein

[0262] The β1AR36m23 StaR is biased towards a neutral antagonist ground state conformation and as such is capable
of signalling and can still produce a full agonist response. The cDNA corresponding to the antagonist conformation of
β1AR StaR (Serrano-Vega et al P.N.A.S. vol. 105 (3): 877-882, 2008) was cloned into a genetic immunisation vector
(Genovac) and cell surface expression confirmed via transient transfection of HEK293 cells (Figure 5) prior to intradermal
administration via the Gene Gun. The immunisations were conducted by a contract research organisation, Genovac
using their proprietary immunisation and screening vectors.
[0263] The ovalbumin Th epitope is included in the immunisation vector sequence; this has been optimised for mouse
immunisation. In addition, the immunisation and screening vectors differ by their detection tags thereby enabling dis-
crimination between successful expression of immunisation and expression constructs, for example, by FACS analysis
of sera on whole cells.
[0264] Balb-c mice and Wistar rats were immunised with 50mg β1AR StaR cDNA construct for the primary challenge,
followed by 3-6 boosts of 50mg cDNA at two-weekly intervals, followed by a further 2-3 boosts using 50mg purified β1AR
StaR protein. Boosting is required for the in vivo affinity maturation by somatic hypermutation of the primary antibody
response. The level of immune response was assessed at regular intervals by FACS analysis and ELISA (Figure 6 and
Figure 7).

Evaluation of sera titre in immune response by FACS

[0265] A pre-immune sera sample (Mouse 1) was compared with an interim bleed to monitor the immune response.
The green curve (marked G) represents β1AR StaR expressing cells; the red curve (marked R) represents cells trans-
fected with an irrelevant cDNA. A significant immune response was observed in the immunised cohorts (Figure 6).

Evaluation of sera titre in immune response by ELISA

[0266] His-tagged β1AR StaR (36m23) was immobilised on a 96-well nickel chelate plate and sera samples diluted
for analysis to evaluate binding to β1AR. In mice, boosting with StaR protein maintains titre at the same level or increases
titre slightly (Figure 7).

Immunofluoresence

[0267] The immunofluorescence data demonstrates that expression and subcellular localisation of the StaR is similar
to that observed with the wild-type receptor (Figure 8)

FACS evaluation to eliminate cross-reactivity with B2AR

[0268] Cells were transiently transfected with either B1AR or B2AR. Mouse and rat sera samples were incubated with
cells expressing B1AR, B2AR and untransfected cells and bound sera detected using anti-mouse Alexa Fluor 488 and
anti-rat Alexa Fluor 488, respectively.
[0269] FACS analysis was conducted using a FACS Canto II flow cytometer (BD Bioscience). The mean fluorescence
intensity (MFI) was plotted as a bar chart for each sera sample (A) with the histogram profiles for the mouse 4 sera
sample depicted in (B) (Figure 9). This demonstrated the immune response produced a specific antibody response.
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Example 2: Neurotensin Receptor (NTS1) StaR agonist conformation

Genetic immunisation

[0270] The NTS1 StaR DNA was cloned into a genetic immunisation vector (Genovac) and cell surface expression
confirmed via transient transfection of HEK293 cells (Fig.6) prior to intradermal administration via the Gene Gun. (Shibata
et al J. Mol. Biol. (2009) 390, 262-77).
[0271] Generally, balb-c mice were immunised with 50mg NTS1 StaR cDNA construct or with the WT cDNA for the
primary challenge, followed by 3-6 boosts of 50mg cDNA at two-weekly intervals. The level of immune response was
assessed at regular intervals by FACS analysis (Figure 7).

Confirmation of cell surface expression in HEK293 cells

[0272] NTS1 StaR expression is detected by an anti-tag antibody and represented by the green curve (G); the negative
control, an irrelevant cDNA, is represented by the blue curve (B) (Figure 10).

Evaluation of sera titre in immune response - FACS Analysis:

[0273] The green curve represents sera from mice immunised with StaR cDNA binding to NTS1 StaR expressing
cells; the blue curve represents the same sera sample binding to wild-type NTS1 expressing cell; the red curve represents
cells transfected with an irrelevant cDNA.
[0274] A significant immune response was observed in the immunised cohorts with the polyclonal sera binding similarly
to wild-type and StaR receptor. (Figure 11A)

Mice immunised with WT receptor - FACS Analysis:

[0275] The green curve represents sera from mice immunised with WT cDNA binding to NTS1 StaR expressing cells;
the blue curve represents the same sera sample binding to wild-type NTS1 expressing cell; the red curve represents
cells transfected with an irrelevant cDNA.
[0276] A significant immune response was observed in the immunised cohorts with the polyclonal sera binding similarly
to wild-type and StaR receptor (Figure 11B).

ELISA analysis

[0277] Sera samples were analysed for binding to solubilised membrane preparations of neurotensin receptor immo-
bilised to nickel chelate plate surfaces. Detection was using anti-mouse HRP conjugate with TMB substrate and a positive
control was provided by an anti-neurotensin polyclonal that was detected using anti-guinea pig HRP conjugate.
[0278] The ELISA data reflects the FACS analysis, ie, that the StaR DNA immunisation gave a similar antibody
response to the WT DNA immunisation, where an increasing sera titre can be detected throughout the boosting period
as shown by interim bleed 1 (IB1), interim bleed 2 (IB2) and the final bleed. Sera samples were evaluated at 3 different
dilutions (1:500, 1:1000 and 1:5000) (Figure 12).

Example 3: Functional data to show use of StaR GPCRs as vaccine

Gene Gun application

[0279] The Gene Gun methodology has been used for a number of vaccination studies. Particle-mediated epidermal
delivery (PMED), or the gene gun, is a DNA vaccine delivery technology shown to induce protective levels of antibody
and T-cell responses in animals and humans against a wide variety of diseases. This technique is advantageous for
generating MAbs and leads to time and resource savings by eliminating the need to express and purify recombinant
proteins commonly used for immunizations. Additionally, this approach has been successfully used to generate MAbs
to a highly conserved protein. MAbs generated from mice immunized with an expression plasmid encoding human Fc
fusion proteins demonstrate a bias toward binding conformational determinants due to the in vivo generation of native
antigen. The MAb generation process involves the immunisation or vaccination against the antigen of choice, but then
isolating the B cells responsible for secretion of the functional immunoglobulin is necessary.
[0280] Furthermore, the generation of hybridomas is required as part of this process or phage display techniques can
be employed to create a combinatorial library representing the retrieved repertoire. In vaccination, only an immune
response against the target antigen is required, with the host species using its immunoglobulin repertoire to tackle the
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foreign antigen and fight off disease.
[0281] The Gene Gun technology is increasingly being used for the intradermal application of DNA as a vaccination
method, for example, this approach has been successfully applied to human and simian immunodeficiency virus epitopes
in mice and rhesus macaques (Fuller et al 2007), influenza (Yager et al 2009), hepatitis B (Roberts et al 2005; Loudon
et al 2010) and mouse melanoma associated antigens (Surman et al 1998).

Enhancing the immune response

[0282] In addition, GM-CSF can be co-administered as DNA, ie, a genetic adjuvant, in order to enhance the immune
response. This can be species-specific and has been demonstrated to increases mucosal and systemic immunogenicity
of an H1N1 influenza DNA vaccine administered into the epidermis of Non-Human Primates (Loudon et al, 2010). Other
methods of enhancing the immune response can be used, for example, tetanus (Herrington et al 1987) and diphtheria
toxoids (Del Giudice & Rappuoli , 1999) as adjuvants, the use of Th epitopes incorporated as part of the expression
construct, as has been shown for the PADRE Th epitope (Ghochikyan et al, 2006) and the ovalbumin Th epitope
(Chambers & Johnstone, 2003) in rodents. Other CD4+ epitopes have been identified from patient or immunized pop-
ulations and implemented in HIV (Ribeiro et al, 2010) and malarial vaccine development (Calvo-Calle et al, 2006), or
even more recently developed adjuvants, such as, monophosphoryl lipid A. The strategy used for implementation of the
adjuvant could either take the form of genetic components or formulations of compounds that would need to be compatible
with StaR integrity.

StaRs as vaccines

[0283] The use of StaR protein or DNA as an effective vaccine can be demonstrated by the functional activity generated
in the host’s immune response, ie, polyclonal antibodies.
[0284] Three species have been immunised primarily via Gene Gun vaccination/immunisation using the β1AR-m23
StaR (Serrano-Vega et al, 2008). This StaR contains 6 point mutations that increase the thermostability of the receptor
by 21°C above the wild-type receptor.
[0285] One read-out that can be employed to assess the functional activity of the resulting sera is the impact on cAMP
signalling. The CRE-luc reporter assay was employed where the CRE response from activation of AC-cAMP-PKA
pathway is the read-out.
[0286] Subsequent analysis revealed that the polyclonal sera demonstrated both agonistic synergy with the agonist
compound isoprenaline as well as agonist activity alone when the assay was conducted on wild-type B1AR transfected
HEK293 cells (Figure 13). This activity could be detected early on in the immunisation protocol as demonstrated by the
data generated from the rabbit analysis (Figure 14). No activity was detected in any of the pre-immune sera samples.
[0287] The first interim bleeds were initially evaluated only on transfected cells to assess if any functional response
could be observed at this stage of immunisation. Duplicate data points for both polyclonal sera samples indicate that
there are antibody specificities present that confer agonistic activity in synergy with isoprenaline in this preliminary
investigation, where 1mM forskolin stimulation of transfected cells yielded ∼40,000RLU and on non-transfected cells
was ∼20,000 RLU. Note - this is the first interim bleed, so differences may become more apparent in Rabbit 1 Bleed 2
sera and in the final bleed.

Mouse (M1-M5) and rat (R1) polyclonal functional analysis

[0288] The resulting polyclonal sera can activate wild-type receptors and potentiate receptor response to isoprenaline.
This latter effect is also detectable in untransfected HEK293s, where endogenous levels of β1AR are low, suggesting
activity at human receptor.
[0289] Hence the use of a GPCR of the invention or a GPCR-encoding polynucleotide as a vaccine has been shown
to achieve a desired effect, in this case agonism of the receptor.

Example 4: Immunisation with β1AR36m23 StaR - further data

[0290] Further experiments based on those described in Example 1 were conducted and the results are discussed
below.

Adjuvant/ StaR stability

[0291] The B1AR StaR was combined with a number of different adjuvants and investigated for stability at 37°C over
the course of two hours in a ligand binding assay. The adjuvants evaluated were monophosphoryl lipid A (MPL), MM
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(marketed for generating mouse monoclonals - Gerbu) and Pharma (Gerbu). All adjuvants were tested in combination
with the StaR protein and demonstrated good stability after 2 hours incubation as compared with the control sample,
suggesting compatibility with StaR immunogen at body temperature (Figure 15).

Repeat B1AR study (DNA+protein) to demonstrate strategy is robust and reproducible

[0292] The repeat β1AR study was to demonstrate that this approach is reproducible for generating agonistic polyclonal
sera and identifying positive hybridomas. Changes were implemented from the initial study (see Example 1) using a
shorter more stringent immunisation protocol. Balb-c mice and Wistar rats underwent genetic immunization using the
Gene Gun for the initial DNA priming and boosting (4 x 50mg DNA), followed by a shorter boosting phase using protein
(2 x 50mg StaR protein). Interim bleeds were taken at this stage and binding profiles assessed by FACS and ELISA.

Second sera test FACS:

[0293] The rat cohort exhibited a stronger immune response than observed in the first study and the mouse cohort
also showed a robust immune response as determined by FACS. Both cohort sera samples also demonstrated specificity
as evaluated by binding profiles on B1AR expressing cells and cells expressing an irrelevant cDNA, with no background
binding detected in pre-immune sera (Figure 16).

Second sera test ELISA

[0294] It can be clearly observed from Bleed 1 to Bleed 2 that the effect of the StaR protein boost has had a strong
positive impact on the sera titre in both cohorts as evaluated by ELISA (Figure 17).

B1AR StaR protein plus MPL adjuvant - FACS and ELISA

[0295] B1AR StaR protein was formulated in MPL adjuvant using a 1:1 ratio. Balb-c mice and Wistar rats were immu-
nized by intraperitonel injection where the immunization protocol used protein priming and boosting to Interim Bleed 1
(4 x 50mg StaR protein), followed by a shorter boosting phase using protein to Interim Bleed 2 (2 x 50mg StaR protein).
A significant immune response was observed (Figure 18).

Functional antibody response also generated in rabbits

[0296] Agonistic antibodies have also been generated in a third host species (New Zealand White rabbits) using the
genetic immunization strategy only (Gene Gun). The initial DNA challenge plus standard boosting was followed by
second short boosting period. Sera were assessed for binding to B1AR by ELISA and FACS (Figure 19), as well as
functional evaluation in the cell-based CRE-luciferase reporter assay (Figure 14). A robust immune response was seen
with functional activity being detected as early as the first interim bleed. The sera demonstrate agonistic activity in synergy
with isoprenaline.

Example 5: Functional data to show use of StaR GPCRs as vaccine

[0297] Experiments to characterise the functionality of both polyclonal and monoclonal antibodies are described below.

CRE-SPAP cAMP assay

[0298] Agonist activity of the IgG can be demonstrated in a variety of assay formats used to measure increases in
cAMP. An alternative assay to the CRE-luciferase receptor assay (see Examples 3 and 4) is the CRE-SPAP (secreted
placental alkaline phosphatase) reporter assay. SPAP is secreted from cells so it can be measured by sampling the
culture media and can be separated from endogenous alkaline phosphatases due to its thermal stability. The method
used is briefly described as follows:

Cells, media: Chinese hamster ovary (CHO) cells stably expressing a CRE-SPAP reporter gene and wild type turkey
β1 receptor were grown to confluence in 96-well plates. Once confluent, the media were removed and replaced with
100ml of serum-free media (ie, DMEM/F12 containing 2 mM L-glutamine), and the cells were incubated for a further
24 hrs at 37°C in 5% CO2.

Method: On the day of experimentation, the serum-free media was removed and replaced with 100ml of serum-free
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media/100mM IBMX or 100ml of serum-free media/100mM containing antagonists at the final required concentration,
and the cells were incubated for 30min at 37°C/5% CO2. Ten microliters of agonist (diluted in serum free media)
were then added to each well, and the plate was incubated at 37°C/5% CO2 for 5-16 hrs.

Evaluation of polyclonal antibodies

[0299] The CRE-SPAP assay was used to assess functional activity of purified rabbit polyclonal IgG. After 16 hrs, the
media and ligand/antibody were removed, 40ml of serum-free media (no IBMX) were added to each well, and the cells
were incubated for a further 1 hr at 37°C. The plates were then incubated at 65°C for 30 min to destroy any endogenous
phosphatases. The plates were then cooled to 37°C. One hundred microliters of 5mM 4-nitrophenyl phosphate (Sigma)
was added to each well, and the plates were incubated at 37°C until the yellow colour developed. The plates were then
read on Polar Star plate reader at 405 nm. Forskolin and isoprenaline were included in parallel as controls. The data in
Figure 20 represents experiments performed in duplicate and analysed using GraphPad Prism.
[0300] Both polyclonal IgG samples demonstrate agonistic activity. However, the corresponding F(ab’)2/ Fab antibody
fragments generated by enzymatic digestion showed no sign of agonistic activity, with a decrease of absorbance at the
highest sample concentration. This decrease may be due to protein aggregation at a high protein concentration. As a
control, no functional activity was detected for an irrelevant rabbit IgG in the same assay, either in the presence or
absence of isoprenaline as would be expected.
[0301] The data suggests that the full-length antibody is necessary for agonist functional activity. Supporting evidence
that bivalent intact IgG mediate receptor crosslinking/dimerisation is provided by a recent report that describes the
evaluation of autoantibodies (in the form of polyclonal immunoglobulin G) to M2 muscarinic acetylcholine receptor in
Chagas’ disease (Beltrame et al, 2011). Agonist functional activity was observed as assessed by BRET, however the
corresponding Fab fragment (monovalent) did not produce this effect.

Evaluation of monoclonal antibodies

[0302] The CRE-SPAP assay has also been used to analyse monoclonal antibodies generated from the hybridoma
fusions. At least two monoclonals derived from a DNA+protein immunisation strategy in mice demonstrated agonist
functional activity (Figure 21). It should be noted that in order to retrieve monoclonal specificities responsible for a high
level of functional response observed in the polyclonal samples, a greater number of fusions could be conducted as well
as many more hybridoma clones created and screened.

HitHunter XS+ cAMP assay

[0303] The DiscoveRX HitHunter assay kit uses the enzyme fragment complementation (EFC) technology with two
fragments of E. coli β-galactosidase: a large protein fragment (enzyme acceptor, EA) and a small peptide fragment
(enzyme donor, ED). Separately, these fragments are inactive, but in solution they rapidly complement to form active
β-gal enzyme, which can hydrolyze substrate to produce a luminescent signal. In this assay, cAMP from cell lysates and
ED-labeled cAMP compete for antibody binding sites. Unbound ED-cAMP is free to complement EA to form active
enzyme, which subsequently produces a luminescent signal. The amount of signal produced is directly proportional to
the amount of cAMP in the standard or cell lysate.
[0304] Cells were plated in 96-well format at densities of 25,000 cells/well and the 2 Reagent Addition Protocol was
used for cAMP standard and sample measurement. The observed trend represents three separate experiments with all
data analysed using GraphPad Prism.
[0305] Evaluation in this assay format revealed a number of mouse monoclonal IgG clones that exhibited agonist
activity (Figure 22). The mAbs possessing the greatest agonist activity, with low nanomolar EC50 potencies of 0.5-1.5nM,
were all derived from the DNA+protein immunisation study. This includes the apparent conformationally sensitive antibody
MAb2 (as deduced by Western analysis, ie, no binding observed, refer to Figure 23).
[0306] It is evident that the potency of a number of the mAbs is significantly greater than that of the polyclonal IgG
preparation, reflecting the bias or proportion of particular specificities responsible for the functional activity within the
polyclonal sera versus the single specificity of a monoclonal antibody.
[0307] Monoclonal mouse and rat IgGs were analysed by Western blot to identify potential conformationally sensitive
antibodies. Truncated (no N terminus present), purified β1AR-36M23 was diluted 1000-fold to 14mg/ml and 22ml of that
sample was mixed with 2ml 1M DTT with 8ml 4x LDS Sample buffer, loaded into 4-20% Tris-Glycine SDS PAGE and
subjected to electrophoresis. The gel was transferred onto nitrocellulose membrane and binding detected with monoclonal
IgG at 10mg/ml concentration and secondary anti-mouse or anti-rat HRP conjugates.
[0308] The Western blot analysis shown in Figure 23 reveals that one mouse IgG (MAb2 - Lane 2) did not show any
binding. All the other IgGs bound to the truncated β1AR in the Western analysis suggesting that these monoclonal IgGs
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bind to a linear epitope. MAb2 is probably a conformationally sensitive IgG, which binds to the native full length (FACS)
or truncated (ELISA) receptor, but not to the denatured (Western) protein. All the other IgG bound to the native protein
in ELISA as well.

Ablating agonist activity with the antagonist propranolol

[0309] Further functional evaluation was investigated in parallel to assess if agonist activity could be ablated by an
antagonist, such as propranolol. The data shown in Figure 22 clearly demonstrates that the isoprenaline dose response
can be significantly decreased with 10mM propranolol, with a distinct shift to the right for all the four mAbs in the presence
of propanolol. In addition, it can also be observed that there appears to be a low level of endogenous activity on non-
transfected CHO-K1 cells that is also ablated by propranolol.

Example 6: Functional data to show use of StaR GPCRs as vaccine

PathHunter β-arrestin evaluation:

[0310] This Example describes the use of the DiscoveRX PathHunter assay kit for the evaluation of β-arrestin recruit-
ment. This screening assay measures receptor activation via G-protein dependent and independent signalling, as GPCR
mediated β-arrestin signalling may occur regardless of G-protein coupling, and is an enzyme fragment complementation
method. It is possible to identify agonism, antagonism and allosteric modulation if the receptor recruits β-arrestin.

Cells, media:

[0311] Pre-validated frozen cell-division arrested cells stably transfected with both wild type human β1AR and β-arrestin
(Product code: 93-0488E2) were supplied with the assay kit (Product code: 93-0446E1). These were plated in 100ml/well
proprietary media supplied with the kit (Optimised Cell Culture media) according to the manufacturer’s recommendations.
Cells were incubated at 37°C/5% CO2 for 24 hrs prior to the assay.

Ligands, antibodies:

[0312] Ligands and IgG samples were prepared on the day of the assay; all dilutions were made in the media supplied
with the kit. Forskolin and isoprenaline were used as positive controls and anti-FLAG mouse mAb was used for the
negative control.

Method:

[0313] Half-log dilutions (12 data points) of the ligands and mAbs were made in 10ml proprietary media and added
directly to the cells, which were already in 100ml culture media. Cells were incubated for 90 minutes at 37°C/5% CO2.
55ml of working detection reagent was added to the wells and plates were incubated at RT for 90 min. Luminescence
was read on a Polar Star plate reader and data analysed using GraphPad Prism.
[0314] The resulting data shown in Figure 24 demonstrates that isoprenaline is able to recruit β-arrestin as previously
shown (Andresen, 2011) ; neither the negative control antibody (anti-FLAG) nor the mAb panel showed activity, sug-
gesting that activation of the receptor by the mAb, which leads to stimulation of cAMP, does not result in recruitment of
β-arrestin. This dissociation between G protein activation (leading to cAMP signalling) and β-arrestin recruitment is
known as biased agonism (Andresen, 2011). It suggests that the mAb stabilises a different active conformation to
isoprenaline.

Evaluation cAMP stimulation using human β1AR transfected cells:

[0315] This assessment verified that the lack of activity in the β-arrestin assay was because the mAb panel shows
pathway selectivity, rather than due to species differences between turkey receptor (used in the previous studies) and
human β1AR (as there is only ∼60% sequence homology).
[0316] The HitHunter XS+ cAMP assay was used as described previously, utilising both Chinese hamster ovary (CHO)
cells stably expressing wild type turkey β1 receptor and CHO cells transiently transfected with wild type human β1,
receptor. Intact IgG and the corresponding Fab fragments were evaluated.
[0317] The data in Figure 25 clearly demonstrates that a mAb that can agonise the turkey β1 receptor can also agonise
the human β1 receptor. This adds further credence to previous observations made with polyclonal sera on endogenous
human β1 receptor (Figure 13). In addition, it was also confirmed that the dimeric intact IgG format was necessary for
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agonism, as agonist activity for the monomeric Fab format was either ablated or greatly reduced. This outcome also
confirms the observation that the mAb panel stimulates cAMP production but not β-arrestin recruitment.
[0318] Another observation is that the agonist maximal response observed with the human receptor is not as high as
that observed for the turkey receptor (which was used as the antigen for immunisation). This may reflect sequence
differences between the two species of receptor. Such an effect has been described in a pharmacological evaluation
that used correlation analysis of the log KDs from a large panel of ligands to the human and turkey β1 receptors to assess
differences and similarities (Baker et al 2010). Alternatively, this may be due to differences in receptor expression or
coupling efficiency to signalling pathways
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[0320] The listing or discussion of an apparently prior-published document in this specification should not necessarily
be taken as an acknowledgement that the document is part of the state of the art or is common general knowledge.
[0321] Embodiments of the invention include:

1. A GPCR or a polynucleotide encoding said GPCR for use as a vaccine.

2. A GPCR according to Embodiment 1, and an adjuvant, for use as a vaccine.

3. A method of antagonising or agonising a GPCR in vivo by the admininistration of a vaccine comprising a GPCR
or a polynucleotide encoding a GPCR as defined in Embodiment 1 or 2 to a subject.

4. A method according to Embodiment 3, wherein the GPCR or polynucleotide is administered to the subject at two
or more intervals.

5. A method according to Embodiment 3 or 4 wherein the antagonising or agonising produces a desired therapeutic
and/or prophylactic effect in the subject.

6. A GPCR according to Embodiment 1 or 2, or a method according to any of Embodiments 3-5, wherein the GPCR
is complexed to a ligand.

7. A GPCR according to Embodiment 1 or 2, or a method according to any of Embodiments 3-5, wherein the GPCR
is an engineered GPCR which, when compared to the wild type GPCR, lacks at least one epitope in a first ligand
binding site and preserves at least one epitope in a second ligand binding site.

8. A GPCR for use in inhibiting an activity of a GPCR binding partner in a subject.

9. A method of selectively removing a GPCR binding partner from a subject, the method comprising providing a
fluid from the subject containing the GPCR binding partner and contacting the fluid with a GPCR so as to remove
the GPCR binding partner from the fluid.

10. A method according to Embodiment 9, wherein the sample containing the GPCR binding partner is subjected
to affinity chromatography using an adsorbent comprising a GPCR.
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11. A method according to Embodiment 9 or 10 wherein the fluid from which the GPCR binding partner has been
removed is reintroduced to the subject.

12. An adsorbent for selectively removing a GPCR binding partner from a subject, which adsorbent comprises a
GPCR.

13. A method of inhibiting an activity of a GPCR binding partner in a subject, the method comprising administering
a GPCR to the subject.

14. A GPCR according to Embodiment 8, a method according to any of Embodiments 9-11 and 13, and an adsorbent
according to Embodiment 12, wherein the GPCR binding partner is any of a GPCR autoantibody or a toxin or a
GPCR ligand.

15. A method of combating a condition in which a GPCR binding partner is implicated, the method comprising
carrying out the method of any of Embodiments 9-11 and 13.

16. A GPCR for use in combating a condition in which a GPCR binding partner is implicated.

17. Use of a GPCR in the manufacture of a medicament for combating a condition in which a GPCR binding partner
is implicated.

18. A method according to Embodiment 15, a GPCR according to Embodiment 16 or a use according to Embodiment
17, wherein the condition is an autoimmune disorder or intoxication.

19. A GPCR according to any of Embodiments 1, 2, 6-8, 14 and 16, or a method according to any of Embodiments
3-5, 9-11, 13 and 15, or an adsorbent according to Embodiment 12, or a use according to Embodiment 17, wherein
the GPCR has increased stability in a particular conformation relative to a parent GPCR.

20. A GPCR, method, adsorbent or use according to Embodiment 19, wherein the mutant GPCR has increased
stability in the antagonist conformation, or in the agonist conformation.

21. A GPCR according to any of Embodiments 1, 2, 6-8, 14, 16, 19 and 20, or a method according to any of
Embodiments 3-5, 9-11, 13, 15, 19 and 20, or an adsorbent according to any of Embodiments 12, 19 and 20, or a
use according to any of Embodiments 17, 19 and 20 wherein the GPCR is a mammalian GPCR.

22. A GPCR according to any of Embodiments 1, 2, 6-8, 14, 16 and 19-21, or a method according to any of
Embodiments 3-5, 9-11, 13, 15 and 19-21, or an adsorbent according to any of Embodiments 12 and 19-21, or a
use according to any of Embodiments 17 and 19-21, wherein the GPCR is a human, mouse or rat GPCR.

23. A method according to any of Embodiments 3-7, 9-15 and 18-22 wherein the subject is human.
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Claims

1. A mutant GPCR having increased stability in a particular conformation relative to its parent wild type GPCR, or a
polynucleotide encoding said GPCR, for use in therapy, wherein the mutant GPCR or polynucleotide encoding said
GPCR, is administered as a vaccine to antagonise or agonise a GPCR in vivo.

2. A mutant GPCR or polynucleotide for use according to Claim 1, wherein the vaccine comprises an adjuvant.

3. A mutant GPCR or polynucleotide for use according to Claim 1 or 2, wherein the GPCR is complexed to a ligand.

4. A mutant GPCR or polynucleotide for use according to Claim 1 or 2, wherein the GPCR is an engineered GPCR
which, when compared to the wild type GPCR, lacks at least one epitope in a first ligand binding site and preserves
at least one epitope in a second ligand binding site.

5. A mutant GPCR or polynucleotide for use according to any of Claims 1-4, wherein the vaccine is for use in the
treatment of cancer, an infectious disease or a cardiovascular disease;
optionally wherein the cancer is metastatic cancer, and/or wherein the cancer is selected from a list consisting of
breast cancer, lymphoma, multiple myeloma, cervical carcinoma, prostate adenocarcinoma or colon adenocarcino-
ma;
optionally wherein the infectious disease is a disease caused by viral entry
optionally wherein the infectious disease is caused by a virus selected from a list consisting of Epstein Barr virus,
cytomegalovirus, Kaposi’s sarcoma-associated herpes virus, herpes simplex virus or HIV, or wherein the infectious
disease is malaria; and
optionally wherein the cardiovascular disease is selected from a list consisting of hypertension, WHIM syndrome
and atherosclerosis.

6. A mutant GPCR or polynucleotide for use according to any of Claims 1-5, wherein the vaccine comprising the mutant
GPCR or polynucleotide is administered to the subject at two or more intervals.

7. A GPCR for use in inhibiting an activity of a GPCR binding partner in a subject, wherein the GPCR is a mutant
GPCR that has increased stability in a particular conformation relative to its parent wild type GPCR.

8. A method of selectively removing a GPCR binding partner from a subject, the method comprising providing a fluid
from the subject containing the GPCR binding partner and contacting the fluid with a GPCR so as to remove the
GPCR binding partner from the fluid, wherein the GPCR is a mutant GPCR that has increased stability in a particular
conformation relative to its parent wild type GPCR;
optionally wherein the sample containing the GPCR binding partner is subjected to affinity chromatography using
an adsorbent comprising a GPCR, and/or wherein the fluid from which the GPCR binding partner has been removed
is reintroduced to the subject.

9. An adsorbent for selectively removing a GPCR binding partner from a subject, which adsorbent comprises a GPCR,
wherein the GPCR is a mutant GPCR that has increased stability in a particular conformation relative to its parent
wild type GPCR.

10. A GPCR for use according to Claim 7, a method according to Claim 8, and an adsorbent according to Claim 9,
wherein the GPCR binding partner is any of a GPCR autoantibody or a toxin or a GPCR ligand.

11. A mutant GPCR that has increased stability in a particular conformation relative to its parent wild type GPCR, for
use in combating a condition in which a GPCR binding partner is implicated, in a subject,
optionally wherein the condition is an autoimmune disorder or intoxication.
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12. A mutant GPCR or polynucleotide for use according to any of Claims 1-6, a GPCR for use according to any of Claims
7, 10 and 11, a method according to Claim 8, or an adsorbent according to Claim 9, wherein the mutant GPCR has
at least one replaced amino acid compared to the parent wild type GPCR and has increased conformational stability
compared to the parent wild type GPCR,
whereby the mutant GPCR has an extended lifetime of a particular conformation relative to the same conformation
of its parent GPCR under denaturing conditions, the extended lifetime being manifest by retention of ligand binding
ability, which particular conformation is selected from an agonist conformation and an antagonist conformation, such
that if the particular conformation is the agonist conformation the mutant GPCR has an extended lifetime of the
agonist conformation relative to the agonist conformation of the parent GPCR, and if the particular conformation is
the antagonist conformation, the mutant GPCR has an extended lifetime of the antagonist conformation relative to
the antagonist conformation of the parent GPCR.

13. A mutant GPCR or polynucleotide for use according to any of Claims 1-6 and 12, a GPCR for use according to any
of Claims 7 and 10-12, a method according to Claim 8 or 12, or an absorbent according to Claim 9 or 12 wherein
the GPCR is a mammalian GPCR, such as a human, mouse or rat GPCR.

14. A mutant GPCR or polynucleotide for use, a method or an adsorbent according to Claim 12 or 13, wherein the
GPCR is selected from the group consisting of chemokine receptor 4 (CXCR4), chemokine receptor 2 (CCR2),
Duffy antigen receptor for chemokines (DARC), angiotensin receptor, ß1-adrenergic receptor (ß1-AR), adenosine
receptor, muscarinic receptor or neurotensin receptor (NTS1).

15. A mutant GPCR or polynucleotide for use according to any of Claims 1-6, and 12-14, a GPCR for use according to
any of Claims 7 and 10-14, a method according to any of Claims 8, and 12-14, or an adsorbent according to any of
Claims 9 and 12-14 wherein the subject is human.
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