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Method for determining transport activity of a transport protein

Introduction

Transport proteins are membranous proteins which regulate the selective
permeability of biological membranes such as cytoplasmic or subcellular
membranes. Transport proteins permit either the passive movement of solutes
across the membrane down their electrochemical gradients (passive transporters) or
mediate an accumulation of solutes against their concentration gradients by
consuming directly or indirectly the energy provided by hydrolysis of ATP (active
transporters). One of the largest families of active transporters are the ATP-binding
cassette transporters (ABC transporters) (Higgins, 1992;Holland and Holland, 2005).
In man, ABC transporters play important roles in a large variety of physiological and
pathophysiological processes. Mutations in genes encoding ABC transporters result
In diverse genetic diseases including cystic fibrosis (Riordan et al., 1989), Tangier
disease (Bodzioch et al., 1999;Brooks-Wilson et al., 1999;Young and Fielding,
1999), Dubin-Johnson syndrome (Kartenbeck et al., 1996;Mayer et al., 1995),
pseudoxanthoma elasticum (Ringpfeil et al., 2000), and Stargardt disease (Allikmets,
1997). Besides their physiological functions, ABC transporters also play important
roles in the process of absorption, disposition and elimination of drugs (Ayrton and
Morgan, 2001;Borst and Elferink, 2002). Overexpression of ABC transporters in
tumor cells Is a major mechanism of their resistance to chemotherapeutic drugs
(Gottesman et al., 2002). Therefore, investigations on interaction between drug and
ABC transporters are indispensable for the successful development of drug

candidates.

Because of the important function of transport proteins there is a need for
substances which can modulate the activity of transport proteins. For identifying a
said substance, there is a need for e.g. a high or an ultra high throughput compatible
assay which is sensitive enough to determine whether a substance can modulate

activity of transport proteins.
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Presently, only costly and time consuming methods comprising several steps are
known In the art for determining transport activity of a transport protein at all — which
IS the basis method for determining whether a substance can modulate transport
protein activity.
Such a method for determining transport protein activity known in the art is for
example a rapid filtration method wherein transport activity of a transport protein is
measured as follows:
- providing membrane vesicles prepared from tissues, cultured cells, or cells
expressing a recombinant transport protein,
- Incubating said vesicles for a given period of time with a radiolabel substrate
under conditions which allow transport of the substrate,
- separating membrane vesicles from the extra-vesicular substrate by filtration
through e.g. nitrocellulose or fibreglass membranes, and
- measuring e.g. increased radioactivity of separated vesicles wherein the
amount of radioactivity directly correlates with the transport activity of the

transport protein (Keppler et al., 1998).]

Besides the time-consuming separation step of said method a further disadvantage
of such a method is its not suitability for high through put screening (HTS)

campaigns and in particular for ultra high through put screening (UHTS) campaigns.

As outlined above uses of transport proteins for substance profiling in development
of a pharmaceutical substance are becoming more and more of importance.
Therefore, there Is a strong need for providing a new and fast method for
determining transport activity of a transport protein which is also suitable for use In

HTS campaigns.
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3
Description Of The Invention

Although transport proteins and their applicability for profiling putative substances
and therewith the need for methods for determining the activity of a respective
transport protein are known for years until now only consuming methods for
determining transport activity of a transport protein are known which requires several
steps comprising a filtration step outside of the reaction tube wherein the labelled
substrate has to be separated from reaction mixture prior to measuring the

respective read-out.

The present invention, however, provides for the first time an “in one tube methoq”
which allows a fast and waste sparing method for determining transport activity of a

transport protein which additionally Is suitable in HTS as well as in uHTS campaigns.

A basis for the present invention is the finding that a very C-terminus, i.e. 1 up to 25
amino acids of a transport protein can be marked e.g. with an Histidine tag
(Hagmann et al., 1999) and/or targeted e.g with an antibody or antibody fragment
without rendering its transport activity. Therewith the very C-terminus can be used as

an anchor in an assay for determining the activity of a said transport protein.

A further basis Is a well known homogeneous and generic assay technology called
scintillation proximity assay (SPA) technology which goes back e.g. to 1979 (Hart
and Greenwald, 1979 Mol. Immunology. Vol. 16, 265-267). SPA can be used to
measure radioactivity via proximity of the radioactivity to a scintillant which can be
stimulated to emit light that can be detected on standard scintillation counters.

When a radioactive atom decays it releases sub-atomic particles such as electrons.
The distance these particles will travel through water is limited and is dependent
upon the energy of the particle - SPA relies upon this limitation. For example, when a
tritium [°’H] atom decays it releases a R-particle. If the [’H] atom is within 1.5 um of a
suitable scintillant molecule, the energy of the [3-particle will be sufficient to reach
the scintillant and excite it to emit light. If the distance between the scintillant and the

[’H] atom is greater than 1.5 um, the R-particles will not have sufficient energy to
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travel the required distance. In an aqueous solution, collisions with water molecules

dissipate the R3-particle energy and it therefore cannot stimulate the scintillant.

Preferably, the scintillant is incorporated into small fluomicrospheres (beads) which
are well known In the art. They are constructed to bind specific molecules (e.g.
coated with Protein A to bind with an immunoglobulin). If a radioactive molecule is
bound to the bead it is brought in close enough proximity that it can stimulate the
scintillant to emit light (wavelength between 350 and 650 nm) which can be detected

on standard scintillation counters like TopCount (PerkinElmer) or LEADSeeker (GE).

The present invention provides for the first time an SPA assay for determining the
activity of a transport protein wherein the very C-terminus of a transport protein Is

used as a bridge to provide proximity to an SPA bead.

A method of the present invention for determining transport activity of a transport
protein is characterized in that the method comprises,
- mixing of
(1) a vesicle, preferably inside-out vesicle which harbours at least one
transport protein in a way that the very C-terminus of the transport protein is
outside of the vesicle with
(1) a SPA bead suitable for direct or indirect binding with the very C-terminus of
the transport protein with
(111) - only Iin case of indirect binding of a SPA bead with the very C-terminus of
the transport protein - at least one molecule which can mediate binding of the
SPA bead with the very C-terminus of the transport protein with
(Iv) a radioactively marked substrate according to the invention which can be
transported by the transport protein under condition which allow transport of
the substrate, and
- Incubating the mixture for a time period sufficiently long to enable direct or indirect
binding of the vesicles with the SPA bead and to enable substrate transport into the

vesicle, and
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- measuring light emitted by scintillant of the bead.

A further method of the present invention is a method for determining whether a

compound Is a modulator of transport activity of a transport protein characterized in

that the method comprises,

- mixing of

(A) (i) a vesicle, preferably inside-out vesicle which harbours at least one

of

(B)

of

transport protein in a way that the very C-terminus of the transport protein is
outside of the vesicle with

(11) a SPA bead suitable for direct or indirect binding with the very C-terminus

the transport protein with

(111) - only In case of indirect binding of a SPA bead with the very C-terminus of
the transport protein - at least one molecule which can mediate binding of the
SPA bead with the very C-terminus of the transport protein with

(Iv) a radioactively marked substrate according to the invention which can be
transported by the transport protein under condition which allow transport of
the substrate with

(v) a compound to be tested, and mixing of

(1) a vesicle, preferably inside-out vesicle which harbours at least one
transport protein in a way that the very C-terminus of the transport protein is
outside of the vesicle with

(11) a SPA bead suitable for direct or indirect binding with the very C-terminus

the transport protein with

(111) - only In case of indirect binding of a SPA bead with the very C-terminus of
the transport protein - at least one molecule which can mediate binding of the
SPA bead with the very C-terminus of the transport protein with

(Iv) a radioactively marked substrate according to the invention which can be
transported by the transport protein under condition which allow transport of

the substrate, and

- iIncubating the mixture (A) and (B) for the same time period sufficiently long to

enable direct or indirect binding of the vesicles with the SPA bead and to enable
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substrate transport into the vesicle, and

- measuring light emitted by scintillant of the bead, wherein increased value obtained
with (A), when compared with (B), identifies a compound which is a activator of the
transport protein tested and a decreased value obtained with (A), when compared

with(B), identifies a compound which is an inhibitor of the transport protein tested.

All methods of the present invention can be used in a high throughput screening
(HTS) as well as in an ultra HTS (UHTS) campaign. Such a method can be
performed by using a plate having at least 96 wells, more preferred is the use of a
384 well plate or a 1536 well plate. Also preferred is the use of a chip as reaction

and/or readout platform.

The present invention also provides for a kit for determining transport activity of a
transport protein and for determining whether a substance is a modulator - 1.e. an
activator or an inhibitor — of a transport protein of the present invention.

A Kit of the present invention for determining transport activity of a transport protein
comprises,

(a) a vesicle, preferably an inside-out vesicle which harbours at least one
transport protein in a way that the very C-terminus of the transport protein is
outside of the vesicle,

(b) SPA bead suitable for direct or indirect binding with the very C-terminus of the

transport protein.

The term “mixing” according to the methods of the present invention should be
understood as at least any adding of ingredients mentioned. However, in the context
of the present invention the term "mixing” can also include any movement or stirring

which can lead to a further distribution of said ingredients.

A vesicle preferably an inside-out vesicle of the present invention is a vesicle which
consists of a lipid bilayer membrane. An inside-out vesicle is a vesicle with its
formerly intracellular surface now facing the outside of the vesicle and the formerly

extracellular surface facing the inside out the vesicle. Such a vesicles Is formed
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spontaneously during the preparation of cellular membranes. The sidedness of the

membrane vesicles (rightside-out or inside-out) can be determined by method well
known In the art, for example by measuring the activity of an ectoenzyme such as

nucleotide pyrophsphatase (EC3.6.1.9), in the presence or absence of Triton X-100

(Keppler et al., 1998;Meier and Boyer, 1990).

A transport protein of the present invention is any protein naturally occurring or
occurring due to recombinant expression in a cellular vesicle, cellular membrane or
cellular cell-membrane which enables the transport of a substrate across the vesicle
membrane as well as any such transport protein which has been rendered at the C-
terminal end Iin a way that a further molecule can specifically bind to the rendered
part of the C-terminus - e€.g. a histidine-tag that has been fused to the C-terminus . A
preferred transport protein is an ABC transport protein (Holland and Holland, 2005).
A more preferred transport protein is selected from a group consisting of MRP1,
MRP2, MRP3, MRP4, MRP5, MRP6, MRP7, MRP8, SUR1, SUR2, CFTR, ABCA1,
ABCA3, ABCA4, ABCG5, ABCG8, MDR1, MDR3, BSEP, BCRP, TAP1, and TAP2
which are well known In the art. However, in the following References and Accession

numbers thereof are mentioned:

Protein ID /Gene symbol; Reference; Accession Nr

MRP1 / ABCC1; (Cole et al., 1992); NP_004987

MRP2 / ABCC2; (Buchler et al., 1996); NP_000383

MRP3 / ABCC3; (Kiuchi et al., 1998); NP_003777

MRP4 / ABCC4; (Lee et al., 1998); NP_005836

MRP5 / ABCC5; (Belinsky et al., 1998); NP_005679

MRPG / ABCCOo; (Kool et al., 1999); NP_001162

CFTR / ABCCY7; (Riordan et al., 1989); NP_000483

SUR1 / ABCCS8; (Aguilar-Bryan et al., 1995); NP_000343

SUR2 / ABCCO9; (Inagaki et al., 1996); NP_005682; NP_064693; NP_064694
MRP7 / ABCC10; (Hopper et al., 2001); NP_258261

MRP8 / ABCC11; (Tammur et al., 2001); NP_115972; NP_149163; NP_660187
MDR1 / ABCB1; (Gros et al., 1986); NP_000918
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TAP1 / ABCB2; (Trowsdale et al., 1990); NP_000584

TAP2 [ ABCB3; (Trowsdale et al., 1990); NP_000535; NP _061313

MDR3 / ABCB4; (Van der Bliek et al., 1987); NP_000434; NP_061337; NP_061338
BSEP / ABCB11; (Strautnieks et al., 1998); NP_003733

ABCA1; (Luciani et al., 1994); NP_005493

ABCA3; (Klugbauer and Hofmann, 1996); NP_001080

ABCA4; (Allikmets, 1997); NP_000341

BCRP / ABCG2; (Allikmets et al., 1998); NP_004818

ABCGS5; (Berge et al., 2000); NP_07188"

ABCGS8; (Berge et al., 2000); NP_071882

A preferred transport protein is a protein capable of transporting a substrate

according to the invention from the outside into a vesicle according to the invention.

A very C-terminus of a transport protein of the present invention is the very end

of a transport protein according to the present invention, preferably comprising a
stretch of at least 6 up to 25 amino acids of the very C-terminal end of a transport
protein according to the present invention. Such a peptide consisting of amino acids
of such a stretch can be used according to the present invention to generate
antibodies or antibody fragments which can bind to a said peptide and therewith can
bind to the very C-terminal end of a transport protein according to the present
Invention and can be used to mediate indirect binding of a SPA bead according to
the Invention with a very C-terminus according to the invention. As an example two
peptides consisting of amino acids of a stretch of 15 and 25 amino acids of MRP4

are given in SEQ ID NO: 1 and 2, respectively.

An activity of a transport protein of the present invention is every activity of a

transport protein according to the invention which results in a spatial alteration of a
substrate according to the present invention, preferably results in a translocation of a
substrate according to the invention into a vesicle according to the invention. Said

activity can be determined via a method according to the invention.
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A SPA-bead of the present invention is every SPA bead which can bind directly or

iIndirectly to the very C-terminus of a transport protein according to the invention. An
Indirect binding of the invention is a binding which is mediated by a further soluble
molecule which can be an antiboaqy (first antibody) which can on the one hand bind
to the very C-terminus of a transport protein according to the invention and on the
other hand can bind with an SPA bead e.g. via Protein A (Protein A Is a protein
Isolated from the cell wall of a number of strains of the bacteria Staphylococcus
aureus and Is characterized by its ability to bind to the IgG of most mammalian
species.) or via a further antibody which has been coupled to the SPA bead and
which Is able to bind to the first antibody (e.g. an anti-rabbit, an anti-goat, an anti-rat,
or an anti-mouse antibody which is capable of binding with immunoglobulins from
rabbit, goat, rat, or mouse, respectively). In such a case the SPA bead preferably is
coated with Protein A, or a respective second antibody.

A direct binding of the invention is a binding wherein no further soluble molecule is
needed, for example such a binding can be a binding of the transport protein
according to the present invention to a SPA bead which has been coated in a way
that a binding with the very C-terminus or a rendered very C-terminus Is possible,
e.g. a transport protein according to the present invention to which C-terminus a
histidine-tag has been fused binds directly with an SPA bead which has been coated
with copper-chelate.

A suitable amount of SPA beads can easily be determined by methods commonly
known In the art. However, amounts between 20-250 ug/well of a 384-well plate are

preferably suitable.

An antibody which can bind with the C-terminus of a transport protein of the present
iInvention is any antibody (Ab) of a polyclonal serum, e.g. rabbit serum, or any
monoclonal antibody (mAb) which can bind with the C-terminus of a transport protein
according to the present invention. Such an antibody of the invention can easily be
obtained by methods know in the art, i.e. by immunization of a respective non-human
animal by administration of at least a C-terminus of a transport protein of the
invention. Whether a said Ab of a polyclonal serum or mAb can be used in a method
of the invention can easily be tested by well know methods in the art which allow to

determine whether a mADb or Ab of a polyclonal serum can bind - preferably can bind
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selectively - to the stretch of 15 up to 25 amino acids of the very C-terminal end of

the transport protein of the invention. According to the present invention it should be
understood that a suitable Ab or mADb of the present invention does not bind to a
different amino acid domain which is (i) situated outside of a vesicle if integrated In
the membrane of a said vesicle and which is (ii) upstream of said 25 amino acids of

the C-terminus of a transport protein of the present invention.

A histidine-tag of the present invention is a peptide which consists of histidine
residues preferably of at least 6 histidine residues. It is engineered to the very end of
the transport protein according to the present invention by e.g. inserting a DNA
sequence encoding the histidine residues in front of the stop codon of the full-length
cDNA of the transport protein. Further methods for achieving a said tag are well

known In the art.

A substrate of the present invention is any endogenous molecule or chemical
compound or oligo-peptide or nucleic acid or nucleotide or cyclic nucleotide which
can be transported by a transport protein according to the present invention. Such a
transport of to the present invention is any spatial alteration of a substrate of the

invention caused by a transport protein which usually is integrated in a lipid biolayer.

A preferred substrate is selected from a group consisting of: ADP, BQ-123,
cholesterol, cimetidine, colchicine, cyclic AMP, cyclic GMP, dehydroepiandrosterone
sulfate, daunomycin, digoxin, estradiol glucuronide, estrone 3-sulfate, etoposide,
folic acid, glucosylceramide, glycochenodeoxycholate, glycocholate, leukotriene C4,
leukotriene D4, leukotriene E4, methotrexate, mitoxanthone, sulfobromophthalein,
paclitaxel, platelet activating factor, prostaglandin E1, prostaglandin E2,
prostaglandin F2alpha, ritonavir, saquinavir thromboxane B2, verapamil, sitosterol,
taurochenodeoxycholate, taurocholate, tauroursodeoxycholate, prazosin, vincristine
and vinblastine. More preferred combinations of a transport protein and a substrate
are as follows:

protein ID / gene symbol  with substrate (References)

MRP1 / ABCC1 . leukotriene C4, leukotriene D4, leukotriene E4,

estradiol glucuronide, folic acid, or methotrexate
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MRP3 / ABCC11
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(Jedlitschky et al., 19906, Keppler et al., 1998; Leier
et al., 1994)

leukotriene C4, estradiol glucuronide, folic acid,

methotrexate, or sulfobromophthalein (Bakos et al.,

2000; Cui et al., 1999; Cui et al., 2001; Hooljberg et

al., 1999; Hooljberg et al., 2003)

leukotriene C4, estradiol glucuronide, folic acid,
methotrexate, or glycocholate (Hooljberg et al., 2003;
Zeng et al., 2000)

leukotriene C4, estradiol glucuronide, estrone 3-

sulfate, dehydroepiandrosterone sulphate, folic

acid, cGMP, cAMP, ADP, methotrexate,

prostaglandin E1, prostaglandin E2, prostaglandin

F2alpha, or thromboxane B2 (Chen et al., 2001;
Chen

et al., 2002; Jedlitschky et al., 2004;Reid et al.,

2003; Rius et al., 2003;Rius et al., 2005; van Aubel

et al., 2002; Zelcer et al., 2003)

folic acid, cGMP, cAMP, methotrexate, 5-fluoro-2'-

deoxyuridine 5'-monophosphate, 5-fluoro-uridine

5'-monophosphate, or 2'-deoxyuridine 5'-

onophosphate (Pratt et al., 2005; Wielinga et al.,

2005)

leukotriene C4, or BQ-123 (llias et al., 2002;
Madon

et al., 2000)

Chloride (Berger et al., 1991)

leukotriene C4, estradiol glucuronide (Chen et al.,

2003a)

cAMP, cGMP, leukotriene C4, estradiol lucuronide,

estrone 3-sulfate, dehydroepiandrosterone

sulphate, taurocholate, or glycocholate (Bortfeld et

al., 2006; Chen et al., 2005)
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MDR1 / ABCB1 . glucosylceramide, platelet activating factor,

daunomycin, digoxin, colchicine, etoposide,
paclitaxel, verapamil, vincristine, vinblastine,
ritonavir, or saquinavir (Raggers et al., 1999;
Raggers et al., 2001; Sarkadi et al., 1992; Takeuchi
et al., 2000; Tanigawara et al., 1992)
BSEP / ABCB11 . tauroholate, glycocholate,
taurochenodeoxycholate,
glycochenodeoxycholate, or tauroursodeoxycholate
(Byrne et al., 2002; Noe et al., 2002)
ABCA4 . retinal (Sun et al., 1999)
BCRP / ABCG2 . estrone 3-sulfate, estradiol glucuronide, folic acid,
methotrexate, mitoxanthone, topotecan, or
cimetidine (Chen et al., 2003b; Imai et al., 2003;
Pavek et al., 2005; Volk and Schneider, 2003)
ABCGS . cholesterol, or sitosterol (Wang et al., 2000)
ABCGS . cholesterol, or sitosterol (Wang et al., 2000)

The substrate of the invention is radioactively labelled. Suitable isotopes are H?, S*,
P32 J'%° _ said listing only disclose suitable isotopes and should in no way being
understood as restricted. A suitable concentration of a radioactively labelled
substrate can easily be determined by methods commonly known in the art.

However, concentrations between 1 and 1000 uM are preferably suitable.

Incubation period of the present invention is at least 30 seconds. Preferably, an
iIncubation period lasts at least for 30 seconds and lasts no longer than 30 hours. A
more preferred incubation period lasts at least for 1 hour and lasts no longer than 24
hours. Preferably luminescence signals are immediately measured after the end of
the incubation period which can easily be measured after 0.5, 1, 2, 4, 6 hours or up
to 24 hours. A suitable incubation period for each transport protein according to the

iInvention can easily be identified by a skilled artisan via measurement of



10

15

20

25

CA 02660512 2009-02-11
WO 2008/022956 PCT/EP2007/058473

13
luminescence signal at different point in times and subsequent comparison of data

obtained. Preferred incubation periods are e.g. those which provide significant data

within the shortest time period.

A compound to be tested of the present invention to be a modulator of a transport
protein according to the present invention is any small chemical molecule, peptide,

or antibody.

A modulator of a transport protein of the present invention does influence the
transport activity of a transport protein according to the present invention. Such an
modulator is either an inhibitor of a transport protein of the invention or an activator
of a transport protein of the invention. A said inhibitor does reduce or inhibit the
transport activity of a transport protein of the invention whereas a said activator does

enhance the transport activity of a transport protein of the invention.

The present invention also disclose modulators of a transport protein according to
the present invention which have been determined as an inhibitor using a method
according to the present invention, such as, e.g. MK571 or Dipyridamole which are
inhibitors of MRP4 / (van Aubel et al., 2002).

The following Examples are meant to illustrate the present invention, however, shall
not be construed as limitation. However, the Examples describe most preferred

embodiments of the invention.
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Examples:

Example 1:

5 1) Membrane vesicles from insect cells (HIS or Sf9) infected with a baculovirus
construct containing the full-length cDNA encoding MRP4 are prepared as
described by van Aubel et al. (van Aubel et al., 2002) with some modifications:
Hi5 cells are cultured in suspension to a cell density of 1 x 10° cells / ml in
Insect-Xpress serum free insect cell medium and infected with baculovirus

10 construct containing the full-length cDNA encoding MRP4. Three days after
iInfection, cells are collected by centrifugation at 3000 rom for 10 min. Cell pellet
IS resuspended in hypotonic buffer (0.1 mM EDTA, 1 mM Tris, 1 mM HEPES,
pH=7.4) containing a cocktaill of protease Inhibitors (e.g. Complete, Roche
Diagnostics, Article-Nr 04693132001) and stirred on a ice bath for 90 min. The

15 disrupted cells are precipitated by centrifugation at 4°C and 100000g for 30 min.
The pellet consisting of crude membrane fractions Is resuspended In
Tris/sucrose buffer (10 mM Tris, 250 mM sucrose, pH=7.4) and homogenized by
30 strikes Iin a glass dounce with a tight-fitting pestle. Protein concentration of
the membrane preparation is determined using standard methods, e.g. the BCA

20 protein assay (Pierce, product number 23250).

2) Determination of transport activity of MRP4: Membrane vesicles prepared in 1)
are diluted in Tris/sucrose buffer to a concentration of 3.3 ug protein / ul. 5 ul of
the diluted membrane vesicles Is added to each well of a 384-well white opaque
microplate (PerkinElmer, product number 6007299). 5 ul of a test compound

25 (diluted In Tris/sucrose buffer to different concentrations) is added to the
membrane vesicles. A reaction mix containing 12 mM ATP, 30 mM MgCl,, 30 mM
phosphocreatineand 22.5 mM K,COs, 0.375 mg/ml creatine kinase ((Leier et al.,
1994), Roche diagnostics, article-Nr. 10127566001), 90 uM folic acid, 0.1 uCi

3H_

30 folic acid (Movarek Biochemicals, M1783), 120 ug Protein A SPA imaging beads

or Protein A SPA scintillation beads (Matsumura et al., 1992), and 0.075 ul anti-
MRP4 rabbit antiserum (directed against the C-terminal 15 amino acids of MRP4

as given in SEQ ID NO: 1:) in Tris/sucrose buffer is prepared. The transport Is
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signals are measured with the LEADSeeker or TopCount system after 30 min, 1h,

2h, 4h, or up to 24 h.

3) Calculation of inhibitory effect of a test compound: The relative transport activities

5 of MRP4 determined In the presence of a test compound Is calculated as
percentage of luminescence determined in the presence of the test compound
compared to luminescence determined in the absence of the test compound. An

inhibitor of MRP4 will result in values lower than 100%, an activator of MRP4 will

result in values higher than 100%.
10

Table 1 summarises the results obtained by employing the assay described above

and testing known MRP4 inhibitors.

15
started by adding 5 ul reaction mix to the membrane vesicles. Luminescence

IC50 [pM]
Dipyridamole (van Aubel et al., 2002) 35
MKS571 (van Aubel et al., 2002) 3.6

15
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Claims

(1) A method for determining transport activity of a transport protein,
5 characterized in that the method comprises:
- mixing of
(1) a vesicle which harbours at least one transport protein in a way that the
very C-terminus of the transport protein is outside of the vesicle with
(11) a SPA bead suitable for direct or indirect binding with the very C-
10 terminus
of the transport protein with
(111) - only in case of indirect binding of a SPA bead with the very C-terminus
of the transport protein - at least one molecule which can mediate
binding of the SPA bead with the very C-terminus of the transport protein
15 with
(Iv) a radioactively marked substrate which can be transported by the
transport protein under condition which allow transport of the substrate,
and
- Incubating the mixture for a time period sufficiently long to enable direct or
20 iIndirect binding of the vesicles with the SPA bead and to enable substrate
transport into the vesicle, and

- measuring light emitted by scintillant of the bead.

2) A method according to claim 1, wherein the vesicle Is an inside-out vesicle.
25
3) A method according to claim 1 or 2 wherein the transport protein is an ABC-

transport protein.

4) A method according to claim 3, wherein the transport protein is selected from a
30 group consisting of MRP1 (ABCC1), MRP2 (ABCC2), MRP3 (ABCC3), MRP4
(ABCC4), MRP5 (ABCC5), MRP6 (ABCC6), MRP7 (ABCC10), MRP8
(ABCC11), SUR1 (ABCC8), SUR2 (ABCC9), CFTR (ABCC7), ABCA1, ABCA3,



10

15

20

25

30

CA 02660512 2009-02-11

WO 2008/022956 PCT/EP2007/058473

0)

o)

24

ABCA4, ABCG5, ABCG8, MDR1 (ABCB1) , MDR3 (ABCB4), BSEP (ABCB11),
BCRP (ABCG2), TAP1 (ABCB2), and TAP2 (ABCB3).

A method according to any one of claims 1-4, wherein the substrate Is selected
from a group consisting of ADP, BQ-123, cholesterol, cimetidine, colchicine,
cyclic AMP, cyclic GMP, dehydroepiandrosterone sulfate, daunomycin, digoxin,
estradiol glucuronide, estrone 3-sulfate, etoposide, folic acid,
glucosylceramide, glycochenodeoxycholate, glycocholate, leukotriene C4,
leukotriene D4, leukotriene E4, methotrexate, mitoxanthone,
sulfobromophthalein, paclitaxel, platelet activating factor, prostaglandin E1,
prostaglandin E2, prostaglandin F2alpha, ritonavir, saquinavir thromboxane B2,
verapamil, sitosterol, taurochenodeoxycholate, taurocholate,

tauroursodeoxycholate, prazosin, vincristine and vinblastine.

A method according to any one of claims 1-4 wherein as a transport protein

and as a substrate one of the following combinations is used:

transport protein / gene symbol substrate

MRP1 / ABCC1 : leukotriene C4, leukotriene D4,

leukotriene E4, estradiol glucuronide,
folic acid, or methotrexate;

MRP2 / ABCC?2 : leukotriene C4, estradiol glucuronide,
folic acid, methotrexate, or
sulfobromophthalein;

MRP3 / ABCC3 : leukotriene C4, estradiol glucuronide,

folic acid, methotrexate, or glycocholate;

MRP4 / ABCC4 : leukotriene C4, estradiol glucuronide,
estrone 3-sulfate, dehydroepiandro-
sterone sulphate, folic acid, cGMP,
cAMP, ADP, methotrexate, Prosta-
glandin E1, prostaglandin E2, prosta-
glandin F2alpha, or thromboxane B2;

MRPS / ABCCS : folic acid, cGMP, cAMP, methotrex-

ate, 5-fluoro-2’-deoxyuridine 5'-
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MRPo6 / ABCCOG
CFTR/ABCCY
MRP7 / ABCC10
MRP8 / ABCC11

MDR1 / ABCB1

BSEP / ABCB11

taurocheno-

ABCA4
BCRP / ABCG2

glucuronide,

ABCGS
ABCGS
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monophosphate, 5-fluoro-uridine 5'-
monophosphate,or 2'-deoxyuridine
5’-monophosphate ;

leukotriene C4, or BQ-123;

chloride;

leukotriene C4, or estradiol glucuronide;
cAMP, cGMP, leukotriene C4,

estradiol glucuronide, estrone 3-
sulfate, dehydroepiandrosterone
sulphate, taurocholate, or glycocholate;

glucosylceramide, platelet activating

factor, daunomycin, digoxin, colchi-

cine, etoposide, paclitaxel, verapamil,

vincristine, vinblastine, ritonavir, or

saquinavir;

tauroholate, glycocholate,

deoxycholate, glycochenodeoxycholate,

or tauroursodeoxycholate:

retinal;

estrone 3-sulfate, estradiol

folic acid, methotrexate, mitoxanthone,

topotecan, or cimetidine;

cholesterol, or sitosterol;

cholesterol, or sitosterol.

A method according to any one of claims 1-6, wherein the incubation period

lasts at least for 30 seconds and lasts no longer than 30 hours.

A method according to claim 7, wherein the incubation period lasts at least for

1 hour and lasts no longer than 24 hours.
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11)

12)

13)

14)

15)

16)

17)

18)

26

A method for measuring transport activity of a transport protein in an high
throughput (HTS) format characterized in that a method according to any one

of claim 1-8 is performed.

A method according to claim 9 in which a plate having at least 96 wells Is used.

A method according to claim 9 in which a 384 well plate or a 1536 well plate is

used.

A method according to claim 9 in which a chip is used as reaction and/or

readout platform.

A method according to any one of claims 1-12 in which as a transport protein
MRP4 is used.

A method according to claim 13 in which in (iii) of the method of claim 1 an
antibody which can bind to a peptide which sequence is given in SEQ ID NO 1
or SEQ ID NO 2 is used.

A method according to claim 13 or 14 in which in (ii) of the method of claim 1 a

SPA bead which has been coated with Protein A Is used.

A method according to claim 13 or 14 in which in (i) of the method of claim 1 a
SPA bead which has been coated with a further antibody which can bind to the

antibody according to claim 14 is used.

A method according to any one of claims 1-12 in which as a transport protein

MRP4 to which a histidine tag has been C-terminally fused Is used.

A method according to claim 17 in which as a transport protein MRP4 to which

a histidine tag consisting of at least 6 histidine residues is used.
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19) A method according to claim 17 or 18 in which in (i) of the method of claim 1 a

SPA bead which has been coated with copper-chelate is used.
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20) A method for determining whether a compound is a modulator of transport
activity of a transport protein, characterized in that the method comprises:
- mixing of
(A) (1) a vesicle which harbours at least one transport protein in a way that the
very
C-terminus of the transport protein is outside of the vesicle with
(1) a SPA bead suitable for direct or indirect binding with the very C-terminus
of
the transport protein with
(111) - only In case of indirect binding of a SPA bead with the very C-terminus of
the transport protein - at least one molecule which can mediate binding of
the SPA bead with the very C-terminus of the transport protein with
(iv) a radioactively marked substrate which can be transported by the transport
protein under condition which allow transport of the substrate with
(v) a compound to be tested, and mixing of
(B) (1) a vesicle which harbours at least one transport protein in a way that the very
C-terminus of the transport protein is outside of the vesicle with
(1) a SPA bead suitable for direct or indirect binding with the very C-terminus
of
the transport protein with
(111) - only In case of indirect binding of a SPA bead with the very C-terminus of
the transport protein - at least one molecule which can mediate binding of
the SPA bead with the very C-terminus of the transport protein with
(iv) a radioactively marked substrate which can be transported by the transport
protein under condition which allow transport of the substrate with, and
- iIncubating the mixture (A) and (B) for the same time period sufficiently long to
enable direct or indirect binding of the vesicles with the SPA bead and to enable
substrate transport into the vesicle, and
- measuring light emitted by scintillant of the bead, wherein increased value obtained
with (A), when compared with (B), identifies a compound which is a activator of the
transport protein tested and a decreased value obtained with (A), when compared

with(B), identifies a compound which is an inhibitor of the transport protein tested.
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21) A method according to claim 20, wherein the vesicle Is an inside-out vesicle.

22) A method according to claim 20 or 21 wherein the transport protein is an ABC-

transport protein.

23) A method according to claim 22, wherein the transport protein is selected from
a group consisting of: MRP1 (ABCC1), MRP2 (ABCC2), MRP3 (ABCC3), MRP4
(ABCC4), MRP5 (ABCC5), MRP6 (ABCC6), MRP7 (ABCC10), MRP8
(ABCC11), SUR1 (ABCC8), SUR2 (ABCC9), CFTR (ABCC7), ABCA1, ABCA3,
ABCA4, ABCG5, ABCG8, MDR1 (ABCB1) , MDR3 (ABCB4), BSEP (ABCB11),
BCRP (ABCG2), TAP1 (ABCB2), and TAP2 (ABCB3)..

24) A method according to any one of claims 20-23, wherein the substrate is
selected from a group consisting of: ADP, BQ-123, cholesterol, cimetidine,
colchicine, cyclic AMP, cyclic GMP, dehydroepiandrosterone sulfate,
daunomycin, digoxin, estradiol glucuronide, estrone 3-sulfate, etoposide, folic
acid, glucosylceramide, glycochenodeoxycholate, glycocholate, leukotriene C4,
leukotriene D4, leukotriene E4, methotrexate, mitoxanthone,
sulfobromophthalein, paclitaxel, platelet activating factor, prostaglandin E1,
prostaglandin E2, prostaglandin F2alpha, ritonavir, saquinavir thromboxane B2,
verapamil, sitosterol, taurochenodeoxycholate, taurocholate,

tauroursodeoxycholate, prazosin, vincristine and vinblastine.

25) A method according to any one of claims 20-23 wherein as a transport protein
and as a substrate one of the following combinations is used:

transport protein / gene symbol substrate

MRP1 / ABCC1 ) leukotriene C4, leukotriene D4,

leukotriene E4, estradiol glucuronide,
folic acid, or methotrexate;

MRP2 / ABCC2 : leukotriene C4, estradiol glucuronide,
folic acid, methotrexate, or
sulfobromophthalein;

MRP3 / ABCC3 : leukotriene C4, estradiol glucuronide,



10

15

20

25

30

WO 2008/022956

MRP4 / ABCCA4

MRPS / ABCCS

MRP6 / ABCCG6
CFTR /ABCCY
MRP7 / ABCC10
MRP3 / ABCC11
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folic acid, methotrexate, or glycocholate;
leukotriene C4, estradiol glucuronide,
estrone 3-sulfate, dehydroepiandro-
sterone sulphate, folic acid, cGMP,
cAMP, ADP, methotrexate, Prosta-
glandin E1, prostaglandin E2, prosta-
glandin F2alpha, or thromboxane B2;
folic acid, cGMP, cAMP, methotrex-
ate, 5-fluoro-2’-deoxyuridine 5'-
monophosphate, 5-fluoro-uridine 5'-
monophosphate,or 2'-deoxyuridine
5-monophosphate ;

leukotriene C4, or BQ-123;

chloride;

leukotriene C4, or estradiol glucuronide;
cAMP, cGMP, leukotriene C4,

estradiol glucuronide, estrone 3-
sulfate, dehydroepiandrosterone
sulphate, taurocholate, or glycocholate;
glucosylceramide, platelet activating
factor, daunomycin, digoxin, colchi-
cine, etoposide, paclitaxel, verapamil,
vincristine, vinblastine, ritonavir, or
saquinavir;

tauroholate, glycocholate,

deoxycholate, glycochenodeoxycholate,
or tauroursodeoxycholate:
retinal;

estrone 3-sulfate, estradiol

folic acid, methotrexate, mitoxanthone,

topotecan, or cimetidine;
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30)

31)

32)

33)

34)

31

ABCGS : cholesterol, or sitosterol;

ABCGS8 ; cholesterol, or sitosterol.

A method according to any one of claims 20-25, wherein the incubation period

lasts at least for 30 seconds and lasts no longer than 30 hours.

A method according to claim 26, wherein the incubation period lasts at least for

1 hour and lasts no longer than 24 hours.

A method for measuring transport activity of a transport protein in an high
throughput (HTS) format characterized in that a method according to any one

of claim 20-27 is performed.

A method according to claim 28 in which a plate having at least 96 wells is

used.

A method according to claim 28 in which a 384 well plate or a 1536 well plate is

used.

A method according to claim 28 in which a chip is used as reaction and/or

readout platform.

A method according to any one of claims 20-31 in which as a transport protein
MRP4 is used.

A method according to claim 32 in which in (iil) of the method of claim 20 an
antibody which can bind to a peptide which sequence is given in SEQ ID NO 1
or SEQ ID NO 2 is used.

A method according to claim 32 or 33 in which in (ii) of the method of claim 20

a SPA bead which has been coated with Protein A I1s used.



10

15

20

CA 02660512 2009-02-11

WO 2008/022956 PCT/EP2007/058473

35)

36)

37)

38)

39)

40)
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A method according to claim 32 or 33 in which in (ii) of the method of claim 20
a SPA bead which has been coated with a further antibody which can bind to

the antibody according to claim 33 is used.

A method according to any one of claims 20-31 in which as a transport protein

MRP4 to which a histidine tag has been C-terminally fused Is used.

A method according to claims 36 in which as a transport protein MRP4 to which

a histidine tag consisting of at least 6 histidine residues is used.

A method according to claim 36 or 37 in which in (ii) of the method of claim 20

a SPA bead which has been coated with copper-chelate Is used.

Use of a method according to any one of claims 1-38 in a high throughput

screening or in an ultra high throughput screening.

A kit for determining transport activity of a transport protein comprising:

(a) a vesicle which harbours at least one transport protein in a way that the
very C-terminus of the transport protein is outside of the vesicle, and

(b) SPA bead suitable for direct or indirect binding with the very C-terminus of

the transport protein.
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