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Description

Field of the invention

[0001] The present invention pertains to the biotechnological field, particularly to a fluorescent fusion polypeptide, a
biosensor comprising said polypeptide and uses thereof.

Background of the invention

[0002] Bioluminescence resonance energy transfer (BRET) is a powerful and increasingly popular technique for stud-
ying protein-protein interactions in live cells and real time. In particular, there has been considerable interest in the ability
to monitor interactions between G protein-coupled receptors (GPCRs) and proteins that serve as key regulators of
receptor function, such as beta-arrestin. The BRET methodology involves heterologous co-expression of genetically
fused proteins that link one protein of interest (e.g., a GPCR) to a bioluminescent donor enzyme and a second protein
of interest (e.g., beta-arrestin) to an acceptor fluorophore. If the fusion proteins are in close proximity, resonance energy
will be transferred from the donor to the acceptor molecule and subsequent fluorescence from the acceptor can be
detected at a characteristic wavelength. Such fluorescence is therefore indicative of the proteins of interest linked to the
donor and the acceptor interacting directly or as part of a complex. In addition to monitoring protein-protein interactions
to elucidate cellular function, BRET also has the potential to become an important technique for live cell high-throughput
screening for drugs targeting GPCRs, utilizing ligand-induced interactions with beta-arrestins.
[0003] However, these types of biosensors are highly dependent on the distance between (e.g. <10 nm for CFP/YFP)
and the relative orientation of donor and acceptor fluorophore. In addition, BRET or FRET-based biosensors in the
context of high content screening methods requires of a detection equipment of at least four filters, two for the excitation
and two for the emission. In addition, due to the low intensity of the detection signal, the detection signal range and the
screening sensibility are low. Lastly, the use of more than one fluorescence emission signal requires the use of more
algorithms in order to correctly analyse the final signal.
[0004] Thus, there is still a need to develop improved methods or products for real time measurement of protein-
protein interactions in live cells such as interactions between G protein-coupled receptors (GPCRs) and proteins that
serve as key regulators of receptor function, such as beta-arrestin.

Brief description of the invention

[0005] The present invention confronts the problem of providing tools of precise localization, high dynamic range and
as little disturbance of cell physiology as possible that are capable of monitoring a variation in the translocation of GRKs
(G-protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the cell cytoplasm to the cell
cytoplasmic membrane in vivo by using High-content screening (HCS) in cell-based systems, wherein these tools do
not have the disadvantages of FRET-based biosensors .
[0006] In order to solve the above problem, the authors of the present invention designed a new fluorescent fusion
polypeptide comprising a membrane localization peptide, a peptide capable of binding G-protein or tyrosine receptors
following phosphorylation of these receptors by GRKs or RTKs, a vesicularization peptide and a fluorescent peptide.
This biosensor is formed by two peptides targeted to two different cellular compartments, allowing the detection of the
translocation of GRKs (G-protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the
cell cytoplasm to the cell cytoplasmic membrane in vivo by monitoring the distribution of the fluorescent polypeptide
within the cellular cytoplasm. In this sense, the biosensor translocation within the cell shall be due to a change in its 3D
conformation that hides or exposes the location signals in both ends of the polypeptide triggered by the binding of the
peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these receptors to the phospho-
rylated G-protein or tyrosine receptors.

Brief description of the figures

[0007] The accompanying drawings, which are incorporated in and constitute a part of this specification, illustrate
several embodiments and together with the description illustrate the disclosed compositions and methods.

Fig 1. Overview of the increase in the fluorescence of "NK1-Red β-ARRNomad biosensor" cell line (A)
Negative control. (B) Substance P 1mM stimulated cells. (C) Dose response curve.

Fig 2. Image analysis of "NK1-Red β-ARRNomad biosensor" cell line (A) Negative control. (B) Substance P 1mM
stimulated cells. (C) Dose response curve.



EP 3 577 456 B9

4

5

10

15

20

25

30

35

40

45

50

55

Fig 3. Inhibition assay of "NK1-Red β-ARRNomad biosensor" cell line (A) Negative control. (B) Substance P 1mM
stimulated cells. (C) L733,060 inhibited cells. (C) Inhibition plot.

Fig 4. Overview of the increase in the fluorescence of "EP4 receptor Red ArrestinNomad biosensor" in the HEK293
cell line (A)Negative control. (B) PGE2 10mM stimulated cells. (C) Dose response curve. Ec50 PGE2=8.64310-9M;
Z’= 0.67

Fig 5. Image analysis of Ca2+- Arrestin Multiplex "PAR2 Arres-Ca2+Nomad biosensor" in the U2OS cell line (A)
Overview of the increase in the fluorescence of green Ca2+Nomad biosensor (left pannel), red ArrestinNomad biosensor
(middle panel) and merge (right panel) (B) Dose response curves of each biosensors with two different agonists of
PAR2 receptor.

Fig 6. Screening of a 490 compounds library using the NK1R ArrestinNomad U2OS cell line. Representative
data of vesicle number per cell normalized to the control. The negative control (DMSO) is represented in white and
the positive control (Substance P 10mM) in green.

Fig 7. Positive compounds. The compounds that show an increment in the arrestin pathway activation are repre-
sented in black and the cell viability percentage is represented in white. The positive control (Substance P) is
represented in green spots and the negative control (DMSO) is represented in white.

Figure 8. NomadKin. Membrane localization of NomadKin biosensor in U2OS cell line.

Fig 9. Anti-tac Immunofluorescence assay of "NTSR1 ArrestinNomad biosensor. ArrestinNomad biosensor is
located in the plasma membrane in basal conditions (upper panel) after the addition of the agonist (NTS, 1mM) it
can be observed a relocalization of the biosensor from the plasma membrane to vesicle trafficking pahtways (lower
panel).

Detailed description of the invention

[0008] Unless expressly specified otherwise, the term "comprising" is used in the context of the present document to
indicate that further members may optionally be present in addition to the members of the list introduced by "comprising".
It is, however, contemplated as a specific embodiment of the present invention that the term "comprising" encompasses
the possibility of no further members being present, i.e. for the purpose of this embodiment "comprising" is to be understood
as having the meaning of "consisting of".

Definitions

[0009] In the context of the present invention, the term "fusion polypeptide" refers to a hybrid polypeptide comprising
a combination of at least four peptides from different proteins that are combined into the same polypeptide structure.
[0010] In the context of the present invention, the term "membrane localization peptide" is intended to mean a peptide
whose natural intracellular localization is in the plasma membrane.
[0011] As used herein, the term "peptide capable of binding G-protein or tyrosine receptors following phosphorylation
of these receptors by GRKs or RTKs" is intended to mean a peptide or protein domain that has the ability to interact
with the G-protein or tyrosine receptors only when these are phosphorylated. A clear example of such peptide is the
phosphorylated receptor binding peptide from b-arrestin of SEQ ID 2.
[0012] It is noted that the nucleotide sequence coding for the phosphorylated receptor binding peptide of SEQ ID NO
2 is as follows:

(SEQ ID NO 1)
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(SEQ ID NO 2):
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55 [0013] As used herein, the term "vesicularization peptide" is intended to mean a short peptide chain that directs the
transport of the polypeptide to the retention vesicles. Preferably such vesicularization peptide is the Clathrin and beta-
adaptin peptide from arrestin. More preferably, the peptide sequence for the Clathrin and beta-adaptin peptide from
arrestin is as follows (from hereinafter SEQ ID NO 4):
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[0014] As used herein, the term "fluorescent peptide" is intended to mean a fluorescent peptide that has fluorescent
capacities. Fluorescent peptide domains are characterized by having a specific excitation spectrum and emission spec-
trum.
[0015] In the context of the present invention, the linker has at least one amino acid residue, preferably at least two
consecutive amino acid residues.
[0016] As used herein, the term "biosensor" is intended to mean a molecular tool or entity that is sensitive to, and can
respond to, a physical or chemical stimulus and transmit information about cellular status.
[0017] As used herein, the term "drug" is intended to mean a molecule that potentially acts as an agonist or antagonist
or modulator of a signalling pathway.
[0018] As used herein "stable cell line" is intended to mean a cell line that has been transfected or infected with a
foreign piece of DNA that has incorporated itself into the genome of the cell.

Description

[0019] The present invention confronts the problem of providing tools of precise localization, high dynamic range and
as little disturbance of cell physiology as possible that are capable of monitoring a variation in the translocation of GRKs
(G-protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the cell cytoplasm to the cell
cytoplasmic membrane in vivo by using High-content screening (HCS) in cell-based systems, wherein these tools do
not have the disadvantages of FRET-based biosensors.
[0020] In order to solve the above problem, the authors of the present invention designed a new fluorescent fusion
polypeptide comprising a membrane localization peptide, a peptide capable of binding G-protein or tyrosine receptors
following phosphorylation of these receptors by GRKs or RTKs, a vesicularization peptide and a fluorescent peptide.
This biosensor is formed by two peptides targeted to two different cellular compartments, allowing the detection of the
translocation of GRKs (G-protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the
cell cytoplasm to the cell cytoplasmic membrane in vivo by monitoring the distribution of the fluorescent polypeptide
within the cellular cytoplasm. In this sense, the biosensor translocation within the cell shall be due to a change in its 3D
conformation that hides or exposes the location signals in both ends of the polypeptide triggered by the binding of the
peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these receptors to the phospho-
rylated G-protein or tyrosine receptors.
[0021] In the basal state, the biosensor is located in one of the compartments; this means that the location peptide
directed to the other cellular compartment is hidden by the 3D conformation. When there is a translocation of GRKs (G-
protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the cell cytoplasm to the cell
cytoplasmic membrane due to a cellular stimulation, the peptide capable of binding G-protein or tyrosine receptors
following phosphorylation of these receptors binds to the phosphorylated G-protein or tyrosine receptors causing a
conformational change in the biosensor. At this point the spatial distribution of the different structural elements in the
biosensor is modified and the vesicularization peptide directed to the other cellular compartment is exposed by the new
3D conformation so that the whole biosensor is transported to its new location at the new cellular compartment. All this
process can be traced in living cells due to the presence of the fluorescent protein in the biosensor.
[0022] It is further noted, that the authors of the present invention realized that the order of the peptides within the
above mentioned fluorescent fusion polypeptide could not be placed arbitrarily within the polypeptide. This is the case
since after numerous experiments the authors concluded that only one combination of elements provided the technical
effect of transporting the biosensor to the other cellular compartment, such combination was:

a. the membrane localization peptide is located at the N-terminus of the fluorescent fusion polypeptide and is
physically bound, optionally through a linker, to the fluorescent peptide, which in turn is physically bound, optionally
through a linker, to the peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these
receptors by GRKs or RTKs; and
b. the peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these receptors by
GRKs or RTKs is physically bound, optionally through a linker, to the vesicularization peptide, which in turn is located
at the C-terminus of the fluorescent fusion polypeptide;

[0023] The authors tested whether such biosensor having the above structure could be employ for detecting and



EP 3 577 456 B9

11

5

10

15

20

25

30

35

40

45

50

55

quantifying the translocation of beta-arrestin caused by substance P. As illustrated in the examples disclosed herein,
the authors of the present invention constructed a fluorescent fusion polypeptide, capable of detecting and quantifying
beta-arrestin successfully, comprising the phosphorylated receptor binding peptide from b-arrestin of SEQ ID 2. Sur-
prisingly, the authors identified that by using as a vesicularization peptide the Clathrin and beta-adaptin peptide from
arrestin, the detection signal was significantly better.
[0024] The results shown in the examples and drawings presented herein by using the above fusion polypeptide
indicate that an increased in the translocation of beta-arrestin induced a conformational change in the biosensor which
promoted a redistribution of the fluorescent biosensor. The activity was calculated as an increment of the granularity of
the cells transfected with the biosensors of the invention. The fluorescence redistribution of the biosensor was detected
by fluorescence using image analysis algorithms. Consequently, the variations in the location of the beta arrestin can
be monitored through this "hiding and exposition" process of location signals and the final localization of the biosensor.
[0025] Thus, a first aspect of the present invention refers to a fluorescent fusion polypeptide capable of changing its
localization within the cell from the cell cytoplasmic membrane to the retention vesicles, upon an increase in the trans-
location of GRKs (G-protein receptor kinases) and/or beta-arrestin or Receptor tyrosine kinases (RTKs) from the cell
cytoplasm to the cell cytoplasmic membrane, comprising a membrane localization peptide, a peptide capable of binding
G-protein or tyrosine receptors following phosphorylation of these receptors by GRKs or RTKs, a vesicularization peptide
and a fluorescent peptide wherein:

a. the membrane localization peptide is located at the N-terminus of the fluorescent fusion polypeptide and is
physically bound, optionally through a linker, to the fluorescent peptide, which in turn is physically bound, optionally
through a linker, to the peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these
receptors by GRKs or RTKs; and

b. the peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these receptors by
GRKs or RTKs is physically bound, optionally through a linker, to the vesicularization peptide, which in turn is located
at the C-terminus of the fluorescent fusion polypeptide;

and wherein the term "membrane localization peptide" is intended to mean a peptide whose natural intracellular locali-
zation is in the plasma membrane.
[0026] Preferably, such fluorescent fusion polypeptide is capable of changing its localization within the cell from the
cell cytoplasmic membrane to the retention vesicles, upon an increase in the translocation of GRKs (G-protein receptor
kinases) and beta-arrestin from the cell cytoplasm to the cell cytoplasmic membrane.
[0027] More preferably the fluorescent fusion polypeptide of the first aspect of the invention is characterized by:

a. the membrane localization peptide being the extracellular domain of interleukin-2 receptor of SEQ ID 3 or a variant
which is at least 90% homologous to this sequence over the entire region based on amino acid identity; and

b. the vesicularization peptide being the Clathrin and beta-adaptin peptide from arrestin.

[0028] Amino acidic SEQ ID No 3 is as follows:
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a. the membrane localization peptide being the extracellular domain of interleukin-2 receptor of SEQ ID 3; and
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b. the vesicularization peptide being the Clathrin and beta-adaptin peptide from arrestin, preferably of SEQ ID No 4.

[0030] More preferably the fluorescent fusion polypeptide of the first aspect of the invention is characterized by:

a. the membrane localization peptide being the extracellular domain of interleukin-2 receptor of SEQ ID 3;

b. the vesicularization peptide being the Chlatrin or beta-adaptin peptide from arrestin, preferably of SEQ ID No 4; and

c. the peptide capable of binding G-protein receptors following phosphorylation of these receptors by GRKs, being
the phosphorylated receptor binding peptide from b-arrestin of SEQ ID 2.

[0031] In yet another preferred embodiment of the first aspect of the invention, such polypeptide is capable of changing
its localization within the cell from the cell cytoplasmic membrane to the retention vesicles, upon an increase in the
translocation of Receptor tyrosine kinases (RTKs) from the cell cytoplasm to the cell cytoplasmic membrane.
[0032] More preferably the fluorescent fusion polypeptide of the above mentioned preferred embodiment of the inven-
tion (the biosensor capable of detecting an increased an increase in the translocation of Receptor tyrosine kinases
(RTKs) from the cell cytoplasm to the cell cytoplasmic membrane) is characterized by:

a. the membrane localization peptide is the extracellular domain of interleukin-2 receptor of SEQ ID 3 or a variant
which is at least 90% homologous to this sequence over the entire region based on amino acid identity; and

b. the vesicularization peptide is the Clathrin and beta-adaptin peptide from arrestin.

[0033] More preferably the fluorescent fusion polypeptide of the above mentioned preferred embodiment of the inven-
tion (the biosensor capable of detecting an increased an increase in the translocation of Receptor tyrosine kinases
(RTKs) from the cell cytoplasm to the cell cytoplasmic membrane) is characterized by:

a. the membrane localization peptide is the extracellular domain of interleukin-2 receptor of SEQ ID 3; and

b. the vesicularization peptide is the Chlatrin and beta-adaptin peptide from arrestin, preferably of SEQ ID No 4.

[0034] More preferably the fluorescent fusion polypeptide of the above mentioned preferred embodiment of the inven-
tion (the biosensor capable of detecting an increased an increase in the translocation of Receptor tyrosine kinases
(RTKs) from the cell cytoplasm to the cell cytoplasmic membrane) is characterized by:

a. the membrane localization peptide being the extracellular domain of interleukin-2 receptor of SEQ ID 3;

b. the vesicularization peptide being the Clathrin and beta-adaptin peptide from arrestin, preferably of SEQ ID No
4; and

c. the peptide capable of binding tyrosine-protein receptors following phosphorylation of these receptors by RTKs,
being a peptide capable of recognizing the phosphorylated Receptor tyrosine protein.

[0035] It is noted that such peptide capable of recognizing the phosphorylated Receptor tyrosine protein, may comprised
a SH2 domain and/or a domain designed in silico, any of these capable of recognizing phosphorylated tyrosin-kinase
receptors. Such domains are well known to the skilled person.
[0036] In another preferred embodiment of the first aspect of the invention, the fluorescent fusion polypeptide may be
selected from any of the following list of compounds consisting of GFP, YFP, turboGFP, turboRFP ,turboRFP602 and
turboFP650.
[0037] A second aspect of the invention refers to a nucleic acid molecule comprising a polynucleotide sequence coding
for a polypeptide as defined in any of the previous aspects of the invention.
[0038] A third aspect of the invention refers to a biosensor comprising the fusion polypeptide as defined in the first
aspect of the invention.
[0039] A fourth aspect of the invention refers to a cell comprising the fluorescent fusion polypeptide as defined in the
first aspect of the invention, wherein preferably said cell is cell line U2OS (see examples).
[0040] In a further aspect, the present invention relates to several uses for the fluorescent fusion polypeptide as defined
in the first aspect of the invention. A first use of the biosensor according to the present invention is for detecting and
quantifying compounds capable of the translocation of GRKs (G-protein receptor kinases) and/or beta-arrestin or Re-
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ceptor tyrosine kinases (RTKs) from the cell cytoplasm to the cell cytoplasmic membrane including, but not limited
thereto, substance P. As already stated, binding the peptide capable of binding G-protein or tyrosine receptors following
phosphorylation of these receptors binds to the phosphorylated G-protein or tyrosine receptors results in a substantial
change in the spatial conformation that leads to a change in the intracellular fluorescence localization. This fluorescence
translocation can be harnessed for compound quantification by fluorescence. In addition, all this process can be traced
in living cells due to the presence of the fluorescent protein in the biosensor.
[0041] The employment of the fluorescent fusion polypeptide as defined in the first aspect of the invention further
involves its use as a tool for drug screening.
[0042] In addition, the fluorescent fusion polypeptide as defined in the first aspect of the invention is useful in the
practice of essentially any application for which readout of second messenger transduction is obtained. Such applications
are well known in the art. However, more exemplary applications of the present invention include but are not limited to:

a. Identifying test compounds that act as agonists, antagonists, inverse agonists or natural ligands of cell surface
receptor selected from growth factors, cytokines, G-protein coupled receptors, integrins and calcium ion channels
by studying the second messenger movement using fluorescence microscopy devices. In a preferred embodiment,
said cell surface receptor is a G-protein coupled receptor (GPCR).

b. Expression cloning of peptide agonist, antagonist and inverse agonist of receptors.

c. Expression cloning of modulators that change the second messenger intracellular presence.

d. Establishing dose-response curves of membrane molecules modulators.

e. Determining alterations in membrane molecules and modulators involved in a disease or disorder which signalling
cascade depends on these second messengers and thereby the biosensor can be used as a diagnostic tool.

[0043] In a preferred embodiment of the invention, the fluorescent fusion polypeptide as defined in first aspect of the
invention can be used to generate stable cell lines which allow studying G-protein coupled receptors (GPCR), and the
activity of others proteins in living cells. The rapid translocation of the biosensor of the invention allows the quantification
of GPCR and ion channel stimulation.
[0044] The fluorescent fusion polypeptide and the corresponding biosensor of the present invention can be made by
techniques well known by those skilled in the art but as a way of example, they can be constructed as follows. The
coding sequences corresponding to the membrane localization peptide, the fluorescent peptide, the peptide capable of
binding G-protein or tyrosine receptors following phosphorylation of these receptors by GRKs or RTKs, and the vesic-
ularization peptide can be easily amplified by PCR and cloned into a shuttle plasmid. These coding sequences can be
then easily cloned into the final fusion plasmid in the specific order presented herein using the restriction enzyme sites
that flanked each sequence.
[0045] The following examples merely serve to illustrate the present invention.

Examples

Example 1. Materials and Methods

Cell culture of U2OS cells

[0046] Human bone osteosarcoma cell line (DSMZ), derived from ATCC (Catalog No. HTB- 96), was grown in Dul-
becco’s Modified Eagle’s Medium Nutrient Mixture F-12 HAM (Sigma-Aldrich) supplemented with 10% Fetal Bovine
Serum (Sigma-Aldrich), MEM non-essential amino acids (Sigma-Aldrich), gentamicin (Sigma-Aldrich), Geneticin
500mg/ml (Sigma-Aldrich) and Puromycin 10mg/ml (Sigma) at 37°C in a humidified atmosphere supplemented with 5%
CO2.

Generation of recombinant stable cell line

[0047] Red β-ARRNomad biosensor plasmid was created by subsequent cloning of the Tac cDNA, turboFP602 protein
cDNA, (Evrogen), phosphorylated receptor binding peptide from b-arrestin, and the vesicularization peptide (Clathrin
and beta-adaptin peptide from arrestin) into the geneticin resistant CMV-ptNL vector designed in our lab.Tachykinin
receptor 1 (NK1) receptor’s cDNA (cDNA.org) was subcloned in a Puromycin resistant vector, CMV-pPuro, designed in
our lab using Nhel and Xhol restriction enzymes.
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[0048] All the clonings were confirmed by DNA sequencing. Plasmid containing Red β ARRNomad biosensor was
transfected into U2OS cells using Lipofectamine LTX (Invitrogen) and positive transfected cells were selected using
500/mg/ml Geneticin (Sigma-Aldrich) the positive clone named C1 was transfected with the puromycin resistant plasmid
containing Tachykinin receptor 1 (NK1-pPuro) and the positive clones were selected using 10mg/ml puromicyn (Sigma-
Aldrich) and 500/mg/ml geneticin (Sigma-Aldrich). Resistant clones were obtained by limit dilution. Double stable cell
line, termed "NK1- Red β-ARRNomad biosensor cell line" was then tested using Substance P (Sigma-Aldrich) for func-
tional Red β-ARRNomad biosensor response.

Development of the assays

[0049] Cells were seeded at 18,000 cells/plate in 96-well black, clear-bottom imaging plates (BD Biosciences) for β-
arrestin assays. "NK1- Red β-ARRNomad biosensor" cell line was treated with 8 log dilution (n=6) of Substance P
(Sigma-Aldrich) ranging from 0 to 1mM in Optimem media (Gibco) for 24 hours at 37°C, 5% CO2, 95% relative humidity
before data acquisition.

Fluorescence intensity assay

[0050] For fluorescence intensity determinations, changes in the distribution of Red β-ARRNomad biosensor were
measured using "Synergy 2" microplate reader (Biotek). Optimem media with the agonists was removed and replaced
by PBS 1X without calcium and magnesium (Sigma-Aldrich) before the data acquisition. TurboFP602 data were acquired
with ex/em 590/620 filters.

Image assay

[0051] The image analysis routine of the redistribution of Red β-ARRNomad biosensor was developed with a BD
Pathway 855 High-Content automated image platform (BD Biosciences) using image analysis algorithms with the Atto-
vision bioimaging software (BD). Rhodamine excitation/emission filters used for image acquiring were 548/20 and 570LP.
Calculated Nomad biosensor number of vesicles were normalized as percentage of activity compared to the negative
control (vehicle H2O).

Inhibition assay

[0052] Cells were seeded at 18,000 cells/plate in 96-well plates for inhibition assay. "NK1-Red β-ARRNomad biosensor"
cell line was co-treated with SubstanceP 100nM (Sigma-Aldrich) and log dilution of L733,060 hydrochloride (Tocris)
ranging from 100pM to 3mM in Optimem media (Gibco) for 24 hours at 37°C, 5% CO2, 95% relative humidity before
data acquisition.

Z’Factor and Signal-to-Background Determination

[0053] The signal to background (S/B) parameter was calculated as mc+-mc-, and Z’factor was calculated using the
following formula: Z’= 1-[(3σc++3σc-)/(mc+-mc-)].

Example 1. Results

[0054] "NK1-Red β-ARRNomad biosensor" cell line stably expressing red β-ARRNomad biosensor and Neurokinin
receptor 1 has been designed to assay compounds or analyze its capability to modulate NK1 receptor. Before the
stimulation mediated by the agonist of interest, the fluorescent biosensor is localized in the cellular membrane, the union
of Substance P to Neurokinin 1 receptor leads to a change in the structural folding of Red β-ARRNomad Biosensor that
promotes its cellular relocation in the vesicular trafficking of the cells.

Fluorescence intensity assay

[0055] The increase in the fluorescence was detected and analyzed using "Synergy 2" microplate reader from Biotek.
The Ec50 for the Substance P was approx. 5.20310-9 M after a treatment of 24 h with the agonist. The assay was
validated with an average of Z’= 0.70+/-0.02 (n=6).
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Image assay

[0056] Activation and Red β-ARRNomad biosensor change of localization processes were detected and analyzed
using "BD Pathway 855" High-Content Bioimager from BD Biosciences. The Ec50 for the Substance P was approx.
2.99310-9M after a treatment of 24 h with the agonist. The assay was validated with an average of Z’= 0.79+/-0.02 (n=6).

Inhibition Assay

[0057] "NK1-Red β-ARRNomad biosensor" cell line was co-treated with Substance P 100nM and increasing concen-
trations of L733,060 (NKR1 inhibitor) during 24h. After the treatment, nuclei were stained with DAPI and inhibition of
NK1 receptor was detected analyzing Red β-ARRNomad biosensor change of localization using "BD Pathway 855"
High-Content Bioimager from BD Biosciences. The Ic50 for L733,060 was Approx.1.84x10-7M after a treatment of 24
h with the agonist.The assay was validated with an average of Z’= 0.66+/-0.02.

Example 2: EP4 receptor Red ArrestinNomad biosensor" in the HEK293 cell line

Example 2. Results

[0058] "EP4 receptor Red ArrestinNomad biosensor" HEK293 cell line transiently expressing red ArrestinNomad biosensor
and prostaglandin E receptor 4 has been designed to assay compounds or analyze its capability to modulate EP4
receptor. Before the stimulation mediated by the agonist of interest, the fluorescent biosensor is localized in the cellular
membrane, the union of PGE2 to EP4 rececptor leads to a change in the structural folding of Red ArrestinNomad biosensor
that promotes its cellular relocation in the vesicular trafficking of the cells. The Ec50 for the PGE2 was 8.64310-9M after
a treatment of 24 h with the agonist. The assay was validated with an average of Z’= 0.67+/-0.04 (n=6).

Example 2. Matherials and methods

Cell culture of HEK293 cells

[0059] HEK293 cells derived from ATCC (Catalog No. CRL-1573), were grown in Dulbecco’s Modified Eagle’s Medium
- high glucose (Sigma-Aldrich) supplemented with 10% Fetal Bovine Serum (Sigma-Aldrich), MEM non-essential amino
acids (Sigma-Aldrich) and gentamicin (Sigma-Aldrich) at 37°C in a humidified atmosphere supplemented with 5% CO2.

Generation of transiently transfected cell line

[0060] Red ArrestinNomad biosensor plasmid was created by subsequent cloning of the Tac cDNA, turboFP602 protein
cDNA, (Evrogen), phosphorylated receptor binding peptide from b-arrestin, and the vesicularization peptide (Clathrin
and beta-adaptin peptide from arrestin) into the geneticin resistant CMV-ptNL vector designed in our lab. EP4 receptor
(EP4) receptor’s cDNA (cDNA.org) was subcloned in a Puromycin resistant vector, CMV-pPuro, designed in our lab
using Nhel and Xhol restriction enzymes.
[0061] Transient transfection was performed using phosphate calcium method and the transiently transfected cell line,
termed "EP4- Red ArrestinNomad biosensor cell line" was then tested using PGE2 (Sigma-Aldrich) for functional Red
ArrestinNomad biosensor response.

Development of the assays

[0062] Cells were seeded at 20,000 cells/plate in 96-well black, clear-bottom imaging plates (BD Biosciences) for β-
arrestin assays. "EP4- Red ArrestinNomad biosensor" cell line was treated with 8 log dilution (n=6) of PGE2 (Sigma-
Aldrich) ranging from 0 to 10mM in Optimem media (Gibco) for 24 hours at 37°C, 5% CO2, 95% relative humidity before
data acquisition. Fluorescent images were acquired in the BD Pathway 855 High-Content automated image platform
with a x20 dry objective.

Fluorescence intensity assay

[0063] For fluorescence intensity determinations, changes in the distribution of Red β-ARRNomad biosensor were
measured using "Synergy 2" microplate reader (Biotek). Optimem media with the agonists was removed and replaced
by PBS 1X without calcium and magnesium (Sigma-Aldrich) before the data acquisition. TurboFP602 data were acquired
with ex/em 590/620 filters.
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Z’Factor and Signal-to-Background Determination

[0064] The signal to background (S/B) parameter was calculated as mc+-mc-, and Z’factor was calculated using the
following formula: : Z’= 1-[(3σc++3σc-)/(mc+-mc-)]

Example 3: Ca2+-Arrestin Multiplex "PAR2 Arres-Ca2+Nomad biosensor" in the U2OS cell line

Example 3. Results

[0065] Ca2+-Arrestin Multiplex "PAR2 Arres-Ca2+Nomad biosensor" in the U2OS cell line stably expressing green Ca2+No-
mad biosensor, red ArrestinNomad biosensor and F2R like trypsin receptor 1 has been designed to assay compounds or
analyze its capability to modulate PAR2. Before the stimulation mediated by the agonists of interest, the fluorescent
biosensor is localized in the cellular membrane, the union of SLIGKV or SLIGRL-NH2 to PAR2 leads to a change in the
structural folding of both Nomad biosensors that promotes their cellular relocation in the vesicular trafficking of the cells.
[0066] The increase in the fluorescence was detected and analyzed using the "Synergy 2" microplate reader from
Biotek. The Ec50 for the agonists was measured after a treatment of 24 h. The assay was validated with Z’> 0.6 for each
agonist.

Example 3. Matherials and methods

Cell culture of U2OS cells

[0067] Human bone osteosarcoma cell line (DSMZ), derived from ATCC (Catalog No. HTB- 96), was grown in Dul-
becco’s Modified Eagle’s Medium Nutrient Mixture F-12 HAM (Sigma-Aldrich) supplemented with 10% Fetal Bovine
Serum (Sigma-Aldrich), MEM non-essential amino acids (Sigma-Aldrich), gentamicin (Sigma-Aldrich) at 37°C in a hu-
midified atmosphere supplemented with 5% CO2.

Generation of recombinant stable cell line

[0068] The plasmid encoding the green Ca2+Nomad biosensor was transfected into U2OS cells using Lipofectamine
LTX (Thermo Fisher Scientific, Waltham, MA). Resistant clones were obtained by limit dilution, and positively transfected
cells were selected using 10 mg/ml puromycin (Thermo Fisher Scientific, Waltham, MA). Once this stable cell line was
ready, a positive clone was transfected with the plasmid encoding the red ArrestinNomad biosensor, and the positive
clones were selected by limit dilution using 10 mg/ml puromycin (Thermo Fisher Scientific, Waltham, MA) and 500 mg/ml
geneticin (Sigma-Aldrich, St. Louis, MO). The cell line co-expressing both biosensors, named Arres-Ca2+Nomad cell line,
was subsequently transfected with the PAR2-CMV-pHygro construction, and resistant clones were obtained by limit
dilution and selected using 500 mg/ml geneticin (Sigma-Aldrich, St. Louis, MO), 10 mg /ml puromycin (Thermo Fisher
Scientific, Waltham, MA) and 100 mg/ml hygromycin B (Thermo Fisher Scientific, Waltham, MA). These cells constitutively
expressed green Ca2+Nomad biosensor, red ArrestinNomad biosensor and the F2R like trypsin receptor 1, and this triple
stable cell line was denominated the "PAR2 Arres-Ca2+Nomad cell line".

Development of the assays

[0069] Cells were seeded at 20,000 cells/plate in 96-well black, clear-bottom imaging plates (BD Biosciences) for Ca2+

and Arrestin assays. " PAR2 Arres-Ca2+Nomad " cell line was treated with 10 log dilution (n=6) of SLIGKV (Sigma-Aldrich)
or SLIGRL-NH2 (Sigma-Aldrich) ranging from 0 to 300mM in Optimem media (Gibco) for 24 hours at 37°C, 5% CO2,
95% relative humidity before data acquisition. Fluorescent images were acquired in the BD Pathway 855 High-Content
automated image platform with a x20 dry objective.

EC50 SLIGKV β-Arrestin assay: 4.83x10-6 M EC50 SLIGKV calcium assay: 1.67x10-6 M
EC50 SLIGRL-NH2 β-Arrestin assay: 1.27x10-5 M EC50 SLIGRL-NH2 calcium assay: 4.06x10-6 M
Z’ SLIGKV β-Arrestin: 0.85+/- 0.01 Z’ SLIGKV Calcium: 0.68+/- 0.01
Z’ SLIGKRL-NH2 β-Arrestin: 0.75+/- 0.01 Z’ SLIGRL-NH2 Calcium: 0.74+/- 0.01
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Fluorescence intensity assay

[0070] For fluorescence intensity determinations, changes in the distribution of Red β-ARRNomad biosensor were
measured using "Synergy 2" microplate reader (Biotek). Optimem media with the agonists was removed and replaced
by PBS 1X without calcium and magnesium (Sigma-Aldrich) before the data acquisition. TurboFP650 data were acquired
with ex/em 590/650 filters and turboGFP lectures were captured with ex/em 485/585 filters.

Z’Factor and Signal-to-Background Determination

[0071] The signal to background (S/B) parameter was calculated as mc+-mc-, and Z’factor was calculated using the
following formula: : Z’= 1-[(3σc++3σc-)/(mc+-mc-)]

Example 4: High-content screening of the Prestwick Chemical Library in NK1R ArrestinNomad U2OS cell line.

Example 4. Results

[0072] A chemical library comprising 490 compounds was sourced from the Prestwick Chemical Library®, and based
on the compounds’ chemical and pharmacological diversity and their bioavailability and safety for humans, these
compounds were used for the screening assay. The reference compound was Substance P. All compounds from the
library were dissolved in dimethyl sulfoxide (DMSO) at 5 mM and the reference compound in water at 1mM. The NK1R
ArrestinNomad U2OS cells were treated with Substance P (positive control) at 10 mM, whereas the compounds of the
library were tested at 10 mM for 24 hours in Optimem media before image acquisition.

Example 4. Matherials and methods

[0073] Image acquisition and analysis: After 24 h of treatment, the cells were fixed with phosphate-buffered saline
supplemented with 3.7% formaldehyde for 10 min at room temperature (RT) and permeabilized with 0.3% Triton-X100
in PBS for 3 min at RT. The cell nuclei were then stained with DAPI for 5 min at RT. Fluorescent images were acquired
in the BD Pathway 855 High-Content automated image platform with a x20 dry objective. The changes in the fluorescence
patterns of the ArrestinNomad biosensor were processed and quantified using image analysis algorithms with the Attovision
bioimaging software in 3x3 subfields of each well (500-1,000 cells analyzed per well). The excitation and emission filters
used were the following: for DAPI, 380/10 and 540/20 and for Rhodamine, 548/20 and 570LP. Arrestin activity was
measured by counting the red fluorescent granules and normalizing the result to the cell number. The data were nor-
malized as percentages of activity compared to the positive control (Substance P) after subtracting the value of the
vehicle control. Cellular viability was determined by counting the nuclei (DAPI). For each condition, 5 replicates were
used. The data were processed using Excel and plotted in SigmaPlot 11.0.

Example 5. NomadKin U2OS stable cell line development

Example 5: Results and Matherials and methods

Generation of recombinant stable cell line

[0074] The plasmid encoding the green KinNomad biosensor was transfected into U2OS cells using Lipofectamine
LTX (Thermo Fisher Scientific, Waltham, MA). Resistant clones were obtained by limit dilution, and positively transfected
cells were selected using 500 mg/ml geneticin (Sigma-Aldrich, St. Louis, MO). These cells constitutively expressed green
KinNomad biosensor.
[0075] Fluorescent images were acquired in the BD Pathway 855 High-Content automated image platform with a x20
dry objective.

Example 6. Anti-TAC Immunofluorescence assay of Ca2+-Arrestin Multiplex "NTSR1 Arres-Ca2+Nomad biosensor

Example 6. Results

[0076] An anti-TAC inmmunofluorescence assay was performed to trace the localization of ArrestinNomad biosensor.
The membrane localization of the biosensor observed in the control (upper panels) is difuminated in the activated cells
(lower panels) with the agonist. The biosensor is relocalized from the plasma membrane to cytosolic vesicles.



EP 3 577 456 B9

19

5

10

15

20

25

30

35

40

45

50

55

Example 6. Matherials and methods

[0077] Cells were seeded at 12,000 cells/plate in 96-well black, clear-bottom imaging plates (BD Biosciences). " NTSR1
ArrestinNomad " cell line was treated with 1mM of NTS (Sigma-Aldrich) in Optimem media (Gibco) for 24 hours at 37°C,
5% CO2, 95% relative humidity.
[0078] After overnight incubation, cell media was removed and it was performed a 15 minutes incubation with FBS
(Sigma-Aldrich) at 4°C. Followed by a 90 minutes incubation at 4°C with FITC anti-human CD25 antibody (Biolegend)
at 1:20 concentration. Cells were then washed twiced with PBS (Sigma-Aldrich). Fluorescent images were acquired in
the BD Pathway 855 High-Content automated image platform (Franklin Lakes, NJ) with a x20 dry objective. The excitation
and emission filters used were the following: for FITC, 488/10 and 540/20; and for FP650, 548/20 and 570LP.

Claims

1. A fluorescent fusion polypeptide capable of changing its localization and fluorescence intensity within the cell from
the cell cytoplasmic membrane to the retention vesicles, upon an increase in the translocation of beta-arrestin from
the cell cytoplasm to the cell cytoplasmic membrane, comprising a membrane localization peptide consisting of the
extracellular domain of interleukin-2 receptor of SEQ ID 3 or a variant which is at least 90% homologous to this
sequence over the entire region based on amino acid identity; a peptide capable of binding G-protein or tyrosine
receptors following phosphorylation of these receptors by GRKs or RTKs consisting of the phosphorylated receptor
binding peptide from b-arrestin of SEQ ID 2; a vesicularization peptide consisting of the Clathrin and beta-adaptin
peptide from arrestin; and a fluorescent peptide wherein:

a. the membrane localization peptide is located at the N-terminus of the fluorescent fusion polypeptide and is
physically bound, optionally through a linker, to the fluorescent peptide, which in turn is physically bound,
optionally through a linker, to the peptide capable of binding G-protein or tyrosine receptors following phospho-
rylation of these receptors by GRKs or RTKs; and
b. the peptide capable of binding G-protein or tyrosine receptors following phosphorylation of these receptors
by GRKs or RTKs is physically bound, optionally through a linker, to the vesicularization peptide, which in turn
is located at the C-terminus of the fluorescent fusion polypeptide;

and wherein the term "membrane localization peptide" is intended to mean a peptide whose natural intracellular
localization is in the plasma membrane.

2. The fluorescent fusion polypeptide of claim 1, wherein the vesicularization peptide consisting of the Clathrin and
beta-adaptin peptide from arrestin consists of SEQ ID NO 4.

3. The fluorescent fusion polypeptide of claim 1, wherein:

a. the membrane localization peptide is the extracellular domain of interleukin-2 receptor of SEQ ID 3; and
b. the vesicularization peptide consisting of the Clathrin and beta-adaptin peptide from arrestin consists of SEQ
ID NO 4.

4. The fluorescent fusion polypeptide of any of claims 1 to 3, wherein the fluorescent peptide is selected from the group
consisting of GFP, YFP, turboGFP, turboRFP,turboRFP602 and turboRFP650.

5. A nucleic acid molecule comprising a polynucleotide sequence coding for a polypeptide as defined in any of claims 1-4.

6. A biosensor comprising the fusion polypeptide as defined in any of claims 1-4.

7. An in-vitro cell comprising the fluorescent polypeptide as defined in any of claims 1-4.

8. The cell of claim 7, wherein said cell is cell line U2OS (Human bone osteosarcoma cell line).

9. In-vitro use of the fluorescent polypeptide according to any of claims 1-4, for detecting and/or recruiting beta arrestin.
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Patentansprüche

1. Fluoreszierendes Fusionspolypeptid mit Fähigkeit zur Änderung dessen Lokalisation und Fluoreszenzintensität
innerhalb der zytoplasmatischen Zellmembran zu den Retentionsvesikeln nach einer Erhöhung bei der Translokation
von Beta-Arrestin vom Zytoplasma der Zelle zur zytoplasmatischen Zellmembran, umfassend ein Membranlokali-
sierungspeptid bestehend aus der extrazellulären Domäne des Interleukin-2-Rezeptors aus SEQ ID 3 oder eine
Variante, welche mindestens eine 90%-ige Homologie basierend auf Aminosäureidentität mit dieser Sequenz über
die gesamte Region aufweist; ein Peptid mit Fähigkeit zur Bindung der G-Protein- oder Tyrosinrezeptoren nach der
Phosphorylierung dieser Rezeptoren mittels GRKs oder RTKs bestehend aus dem phosphorylierten Rezeptorbin-
dungspeptid des b-Arrestins aus SEQ ID 2; ein Vesikulierungspeptid bestehend aus dem Clathrin- und Beta-Adaptin-
Peptid des Arrestins; und ein fluoreszierendes Peptid wobei:

a. sich das Membranlokalisierungspeptid am N-Terminus des fluoreszierenden Fusionspolypeptids befindet
und mit dem fluoreszierenden Peptid, wahlweise über einen Linker, physikalisch gebunden ist, welches fluo-
reszierende Peptid wiederum mit dem Peptid mit Fähigkeit zur Bindung der G-Protein- oder Tyrosinrezeptoren
nach der Phosphorylierung dieser Rezeptoren mittels GRKs oder RTKs, wahlweise über einen Linker, physi-
kalisch gebunden ist; und
b. das Peptid mit Fähigkeit zur Bindung der G-Protein- oder Tyrosinrezeptoren nach der Phosphorylierung
dieser Rezeptoren mittels GRKs oder RTKs mit dem Vesikulierungspeptid, wahlweise über einen Linker, phy-
sikalisch gebunden ist, welches Vesikulierungspeptid sich wiederum am C-Terminus des fluoreszierenden Fu-
sionspolypeptids befindet;

und wobei der Begriff "Membranlokalisierungspeptid" dazu bestimmt ist, ein Peptid zu bedeuten, dessen natürliche
intrazelluläre Lokalisation in der Plasmamembran ist.

2. Fluoreszierendes Fusionspolypeptid nach Anspruch 1, wobei das Vesikulierungspeptid bestehend aus dem Clathrin-
und Beta-Adaptin-Peptid des Arrestins aus SEQ ID NO 4 besteht.

3. Fluoreszierendes Fusionspolypeptid nach Anspruch 1, wobei:

a. das Membranlokalisierungspeptid die extrazelluläre Domäne des Interleukin-2-Rezeptors aus SEQ ID 3 ist;
und
b. das Vesikulierungspeptid bestehend aus dem Clathrin- und Beta-Adaptin-Peptid des Arrestins aus SEQ ID
NO 4 besteht.

4. Fluoreszierendes Fusionspolypeptid nach einem der Ansprüche 1 bis 3, wobei das fluoreszierende Peptid aus der
Gruppe bestehend aus GFP, YFP, turboGFP, turboRFP, turboRFP602 und turboRFP650 ausgewählt wird.

5. Nukleinsäuremolekül umfassend eine Polynukleotidsequenz, welche für ein Polypeptid nach einem der Ansprüche
1-4 kodiert.

6. Biosensor umfassend das Fusionspolypeptid nach einem der Ansprüche 1-4.

7. In-vitro-Zelle umfassend das fluoreszierende Polypeptid nach einem der Ansprüche 1-4.

8. Zelle nach Anspruch 7, wobei die genannte Zelle die Zelllinie U2OS (Osteosarkom-Zelllinie aus menschlichem
Knochen) ist.

9. In-vitro-Verwendung des fluoreszierenden Polypeptids nach einem der Ansprüche 1-4, zur Erfassung und/oder
Rekrutierung von Beta-Arrestin.

Revendications

1. Polypeptide de fusion fluorescente capable de changer sa localisation et son intensité de fluorescence à l’intérieur
de la cellule depuis la membrane cytoplasmique cellulaire vers les vésicules de rétention, lors d’une augmentation
de la translocation de bêta-arrestine depuis le cytoplasme cellulaire vers la membrane cytoplasmique cellulaire,
comprenant un peptide de localisation membranaire consistant en le domaine extracellulaire du récepteur d’interleu-
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kine-2 de SEQ ID 3 ou un variant qui est au moins homologue à 90 % à cette séquence sur toute la région basée
sur l’identité d’acides aminés ; un peptide capable de se lier à des récepteurs de protéine G ou de tyrosine suite à
la phosphorylation de ces récepteurs par des GRK ou des RTK consistant en le peptide de liaison au récepteur
phosphorylé de b-arrestine de SEQ ID 2 ; un peptide de vésicularisation consistant en la clathrine et le peptide bêta-
adaptine d’arrestine ; et un peptide fluorescent dans lequel :

a. le peptide de localisation membranaire est situé dans l’extrémité N-terminale du polypeptide de fusion fluo-
rescente et est physiquement lié, optionnellement à travers un lieur, au peptide fluorescent, qui à son tour est
physiquement lié, optionnellement à travers un lieur, au peptide capable de se lier aux récepteurs de protéine
G ou de tyrosine suite à la phosphorylation de ces récepteurs par des GRK ou des RTK ; et
b. le peptide capable de se lier aux récepteurs de protéine G ou de tyrosine suite à la phosphorylation de ces
récepteurs par des GRK ou des RTK est physiquement lié, optionnellement à travers un lieur, au peptide de
vésicularisation, qui à son tour est situé dans l’extrémité C-terminale du polypeptide de fusion fluorescente ;

et dans lequel le terme « peptide de localisation membranaire » entend signifier un peptide dont la localisation
intracellulaire naturelle est dans la membrane plasmique.

2. Polypeptide de fusion fluorescente selon la revendication 1, dans lequel le peptide de vésicularisation consistant
en la clathrine et le peptide bêta-adaptine d’arrestine consiste en SEQ ID NO 4.

3. Polypeptide de fusion fluorescente selon la revendication 1, dans lequel :

a. le peptide de localisation membranaire est le domaine extracellulaire du récepteur d’interleukine-2 de SEQ
ID 3 ; et
b. le peptide de vésicularisation consistant en la clathrine et le peptide bêta-adaptine d’arrestine consiste en
SEQ ID NO 4.

4. Polypeptide de fusion fluorescente selon l’une quelconque des revendications 1 à 3, dans lequel le peptide fluorescent
est sélectionné du groupe consistant en GFP, YFP, turboGFP, turboRFP, turboRFP602 et turboRFP650.

5. Molécule d’acide nucléique comprenant une séquence polynucléotidique codant pour un polypeptide selon l’une
quelconque des revendications 1-4.

6. Biocapteur comprenant le polypeptide de fusion selon l’une quelconque des revendications 1-4.

7. Cellule in vitro comprenant le polypeptide fluorescent selon l’une quelconque des revendications 1-4.

8. Cellule selon la revendication 7, dans laquelle ladite cellule est la lignée cellulaire U2OS (lignée cellulaire d’ostéo-
sarcome osseux humain).

9. Utilisation in vitro du polypeptide fluorescent selon l’une quelconque des revendications 1-4, pour détecter et/ou
recruter la bêta-arrestine.
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