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30 min insylin

15 min wortmannin
followad by
30 min insulin

Second detectable marker
{exofacial GFP detected
using anti-GFP antibodies)

First detectable marker
{tolal expression
of IRAP-GFP}
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WO 01796867 POTIGROTAIGHS

-1
AN ASGAY

This iovention relates to a method of determining
whether a candidate compound mimics or antagonizes
effects of ingulin. In particular, in accordance with
the present invention, the lsvel of GLUT4 wesicle
translocation can be quantified after insulin
stimulation of host cells which express a chimeriec IRAR
protein. The method of the inventicn may, in
particular, be used in a high-throughput screening
method in the search for drugs that may potentially
influence the action of inegulin on glucose uptake.
Backoaroupd of the Invention

Insulin stimulated glucose uptake is the major
physicleogically relevant effect of insulin. If a
compound could ba disecversd that cpecifically
increased giucose uptake into cells this would have
considerable benefii for the treatment of both types I
and type II diabetes.

Two glucose transporters exist (GLUT1 and GLUT4}
in insulin respongive fat and muscle cells. Insulin
gtimulates glucoge uptake into muscle and fat cells by
promoting the translocation of these transporters from
an intraczllular saquesterad localisabion to the plasma
membrane., The moat important effect in terms of net
glucose uptake is the translecation of GLUT4.
Furthermore, as GLUTL is ubigquitously expressed (GLUT4
is restricted to muscle and adipose cells] then any
affective treatment of diabetes must necessarily be
gpecific for promoting the translocakicn of GLIUT4.

Traditional assays of glucose uptake uaing
radioactive glucose, or ligand binding assays such as
tritiated cytochalasin B binding or the binding of
tritiated ox biotinylated bis-mannose labels {which
directly bind te cell surface gluccse transportersl, do

not distinguish an effect of insulin on either GLUTL or

JP 2004-503778 A 2004.2.5
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GLUTL .

WO 95/0%240 digcloges a chimeric GLUT transporter
inecluding a GLUT transporter polypeptide fused to a
detectable heterclogous polypeptide. The chimeric GLUT
transporter disclosed may be used in a method of
determining whether a candidate compound minmics or
antagonizes effects of insulin.

Insulin-reaponsive anincepsptidase [IRAPF) is a
component of GLUTM-centaining vericles and is involved
in the ineulin-signalling pathway. IRAP and GLUTZ
completely co-localise. Reference is made bo
W096,/05317 which refers to this aminopeptidase as
YITVap" .

Thurmond et al., J. BRiol, Chem. 273, 33876-33883
(1958}, descripe an experiment in which increasged
exprespion of MuncliSc iphibits insulin-stimulated
translocation of eCPP-IRAP/vpl6S in ITIL1 adipccytes.
Summary of the Invention

Accprding te a first aspact of the present
invention, thers is provided a method of determining
whether a candidate compound mimics or antagonizes
effects of insulin, comprising:

{a) providing = transfected hogt cell comprising
a nucleis acid sequence which encodes a protein
conatruct comprising an IRAP protein moiety and a
datectable protain moiety, wherein the detectable
protein moiety is fuged to a luminal domain of the IRAP
protein molety and further wherein the detactable
protein molety ia capable of being assayed by a first
detection method capable of detaeting the protein
moiety when lecated exofacially but not when located
intracellularly and a second detedstion method capable
of detecting the protein moisty both when located
axcfacially and when located inktracellulaxly;

(b) contacting the transfected host v¢sll with a

JP 2004-503778

A 2004.2.5
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gandidate compound;

{¢) measuring the amount of the exofacial protein
moiety by the gaid first detection method and measuring
the total amount of exofacial and intracellular
detectable protein moiety by the sald second detection
method; and

{d) comparing the amount of exofacial detectable
protein moiety with the total amount of exoiacial and
intracellular detectable protein moiety te provide a
measure of the extent of GLUT4 vesicle branslocation.

Aocording to a gecond aspect of the present
invention, there is provided a method of dstarmining
whether a candidaie compound mimice or antagonizes
effects of ilnsulin, comprising:

(a) providing a transfected host cell comprising
a3 nucleic aclid sequence which encodes a protein
congtruct comprising an IRAP protein moiety, a first
detéctable protein molety which is fused to a luminal
domain of the IRAP protein moiety and a secaond
detectable protein molety which s fused to a
cytoplasmic domaln of the IRAF protein melety, whersin
the first detectable protein moiety is capable of beaing
asgayed by a first detection method capable of
detecting the first protein molety when located
exofacially but not when located intracellulazly and
whersin the second detectable protein molety is capable
<f being assayed by a second detechtion method capable
of detecting the second protein moiety when located
intraceliularly;

(k) gontacting the transfected host cell with a
candidate compound;

(c) measuring the amount of the firet protein
moiasty by the said first detecticon metrhod representing
the amount of the first protein meiekby located
exofacially and measuring the amount of the gecond

JP 2004-503778 A 2004.2.5
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detectahle protein moiety by the sald second detection
method representing the total amount of the sscend
detectable protain moisty; and

{d) conmparing the amount of excfacial Lirst
detectakle protein moiety with the total amount of the
second detectable protein moiety to provide a measure
of the extent of BLUT4 vesicle tranalocatiom.

The wmeasurewents in step (c) of cach of the first
and second aspects of the invention may be carried out
simultanecusly or seguantially. Where thay are carrvied
cut seguentially, the order jin which they are carried
out 1s unimportant.

Az used berein, the expression "located
expfacially" means positioned on the extracellular face
of the plasma membrane. The expression "located
intracellularly® refers to the relevant protein molety
being located within the cell which includes being
located on the cytogollic face of the plasma membrane as
well as within wesicles within the cell itself.

The assays of the first and second aspects of the
invention may be used to determine whether a "candidate
compound® (which may include a mixture of compounds).
for example as may be found in a compound library, is a
mimic or antagonist of insulin. The preazent lnventich
may be used to test librariesz of compounds in an
automated high throughput screen. The assays of the
invention are of most interest in identifying candidate
compounds which are antagonists of insulin; such
compounds are ¢f major pharmaceutical interest.

Where the method of the inventieon is used to
identify an antagonist of insulin, the method will alsoc
include a step in which imsulin is added. Insulin may
be added either befors or after the twansfzcted host
cell i= contacted with the candidate compound,
Freferably, insulin is added after the transfected hoat

JP 2004-503778 A 2004.2.5
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cell is contacted with the candidate compound.

Where the method of the invention ig used to
identify an insulin mimic, insulin is not introduced
inte the test system.

According to a2 third aspect of the invention,
there is provided a chimeric IRAP protein comprising an
IRAP protein moiety and a detectable protein moiety,
wherein the detectable protein wmoiety is fused to a
luminal domain of the IRAP protein moiety and further
whereln the detectable protein moiety is capable of
baing assayed by a first detection method capable of
detecting the protein moiety when located exofacially
in a cell but not when located imtracellularly and a
second deiection method capable of detecting the
protein moiety both when located exofacially in a cell
and when located intracellularly.

According to a fourth aspect of the jnvantion,
there is provided a chimerie IRAP protein comprising
(a} an IRAP protein moiety, (b) a first detectable
protein molety which is fused to a lLuminal domain of
the IRAP protein moiety, said first detectable protein
moiely being capable of belng assayed by a first
detection method capable of detecting the protein
moiety when located exefacially in a cell but not when
located intracellularly, and (e} a second detectable
protein meiety which is fused to a cytoplasmic domain
of the IRAP protein wmolety, said second detectable
protein moiety being capabkle of being assayed by a
second detection mebhod capable of dekbecting the
protein molety when located intracellularly.

Ancording to a fifth aspect of the lnvantion,
there is provided a DNA molecule which encodes the
chimeric IRAP protein of the third or fourth agpect of
the invention.

Bri scxiptd £ the awi

JP 2004-503778 A 2004.2.5
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Figure 1 displaye repregentative images
demonetrating insulin~induced translocation of IRAP-GFP
in CHO-T cells visualised using anti-GFP antibodies;
and

Figure 2 shows the increase in binding of anci-GFP
antilodies to surface of unpermeabilised CHO-T cells
expresging an IRAP-GFP construct after insulin
treatmant.

Potailed Description of the Invention

The method of the first aspeck of the invention,
in general terms, consists of transfecting insulin-
sensitive cells with an IRAP construct which encodes &
chimeric IRAP polypeptide containing a detectabls
protein molety fused to a luminal demain of the IRAP
protein moleby. The detectable protein moiety is
detectable by a first detection method which is capable
of detecting the protein moiely when it has been
translocated from its starting location in
intracellular GLUT4 vesicles to the cell surface
wembrane where the detectable protein moiety will lis
exofacially (that is to say positiconed
extracellularly), but which method is not capable of
detecting the detectable protein moiety when it haa not
been so0 translocated and hence lies intracelluwlarly.
The detectahle protein molety is alsc detactakle by a
second detection wethod which is capable of detecting
the protein molety both when it has been translocated
to an exofacial lpcation and alse when it has not been
sc translocated and hence lies intracellularly.

Thus, when a transfecred host cell expresseg the
chimeric IRAP polypeptide, the effect of insulin on
QIUT4 translocation can be gquantified in an assay by
comparing the amount of the detectable proteln noiety
detected using the first detection method with the
smount of detectable protein moicty which is destected

JP 2004-503778 A 2004.2.5
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by the second detection method. An advantage of the
double datection approach employed in the present
invention is that it allows one to corxrect for
variations in IRAP expression level, and so adde an
extra level cof confidence to the assay. The invention
can be used to screen for Arugs which mimic ox
antagonize the affect of insulin.

Tha metihod of the second aspect of the invention
ig comparable with the first, with the exceptiom that
the chimerie IRAP protain includes two detectable
protein moieties, cone fused to the luminal domain and
one fused to the cytoplasmic domain of the IRAP protein
moisty.

The first detection method im preferably an
immunological detection method in which an antibody
epitope on the detectabls protein nioiety iz detected
uging a labelled antibody having a high affinity for
the epitope. Altermatively, the detectable protsin
moiety may be detected usilng = first antibody having a
high affinity for the epitope tag and a second
fluorescently labelled antibody hawving a high affinity
for the first amtibody. Such immunological assays will
only detect the detectable protein moiety when located
exofacially. Immunclogical aassays of this type are
well known in the art. Suitsble labellad antibodies
may be made by procedures known in the art.

The epitope on the detectable protein wolety which
is bo be detected by the firsgt detection method may ke
cne which is a natural epitcpe of the detectable
protein moiety; thus, where the detectable protein
moiety is a GFP protein moiety, this will contain a
number of spitapes to which a specific antibody may ke
raised. As an alterpative, the detectable protein
moiaty may be engineered to include a suitable epltope
tag, such as a haemagglutinin (HA), c-myc, FLAG, Glu-

JP 2004-503778 A 2004.2.5
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Glu or His; epitope tag.

The second detection method is preferably one
whigh relies on the generation of a characteristic
emiszion spectyum, which is distinguishable fxom that
which may be obtained using the first detection method,
which can then be analysed by a suitable device such as
a spectrophotometer. For example, the detectable
protein moiety may comprise a flucrescent protein
moiety, esuch as a green fluorescent protein (GFPF) ox
the like. & fluorescert protein as used herein refers
to a protein capable of fluorescence when excited with
appropriate electromagnetic radiatien and includes
fluorescent proteins whose amine acid sequences are
either natural or engineered. such flucrescent protein
moieties generate & characteristico emission spectrum in
response to excitation at a particular wavelength and
s0 will inherently assay the total amount of the
protein molety in the system under analysis.

A green fluorescent protein, as used hereim, is a
protein that fluoresces green light. A blue
fluoreascent protein {which may algo be used in the
invention) is a protein that fluoresces blue light,
GFPe have been isclated from the Pacific Morthwegst
jellyfish, Requorea victoria, the sea pansy, Renilla
reniformis, aand Phialidium gregarium. W. W. Ward et
ai., Photochem. Photobiol., 33:803-808 (1982); L. D.
Levine et al., Comp. Biochem. ¥Physiol., 72B:77-85%
{1gB2) .

A variety of Reguorea-rslated GFPs having useful
excitation and emission spectrz have been engineered by
nmodifying the amino acid sequence af a naturally
occurring GFP frowm Asquorea victoria. (D. €. FPrasher
st al,, Gene, 111:229-233 (1932); R. Heim et al.,
Proc. Natl, Acad. Sci., USA, 81:12501-04 {(19947).

Another flucrescent protein which may he used in

JP 2004-503778 A 2004.2.5
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the invention ie red fluorescent protein isolated from
the IndePscific sea anamene relative Discosoma striata
and available from Clentech Leborakories, Inc., Palo
Alto, Ca., TSA.

Cther suitable detectable protein moieties are
those which rely on a substrate for generation of a
signal. For example, the enzyme luciferase when
contacted with its substrate luciferin generates a
characteristic emission spectrum, Ancther example is a
detectable protein moiety based on B-galactomidase
which, when contacted with its substrate, yields a
characteristic emipsion. In both of these examples it
is necgesgary to select a protein meiety/substrate
combination which allows the total amcunt of the
protein woisty to be assayed. More particularly, this
means that the substrzte must ke one which iz wembrane
pexrmeable in order that the substrate may diffuse inte
cells to enable the necessary reaction between
substrate and protein moiety to take place.

It is presently preferred that the detectable
protein moiaty of the method of the first agpect of the
inventicn i® a fluorescent protein moiecy such as a
green fluorescent protein which replaces the amino
paptidase domain of IRAP io the chimeric protein. Thisg
way be apsayed lmmunologically by way of a labelled
ankibody apecific for an epitope of the fluorescent
protein moiety, and fluorometrically using a standard
flucrimeter.

In the case of the method cf the second aspect of
the inwvention, it is pressently preferred that the first
detectable protein moisty is & probein molety ineluding
an epitope tag ag described above and the =econd
detectable protein moisty is a fluoreascent protein
moiety such as a green fluorescent pretein which
replaces the amino peptidase domain of IRAP in the

JP 2004-503778 A 2004.2.5
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chimerie protein.

The nncleic acid construct coding for the chimeric
IRAP protein may be made by standard technigues of
molecular bioclogy. The DNA sequence of the IRAP
protein encodes a protein which containe a cytoplasmic
domain (amino zceid residues 1 bo 108}, a trang-membirane
portion {amino acid residues 110 to 131] and a Iuminal
portion {amino acid residues 132-916 of which residues
132-154 represent a "stalk" and residues 155-8916 the
amino peptidase catalybic domain)._ INA sequencas
encoding part or all of the IRARP protein may be
engineered by known methods to include a mneleic acid
sequence encading the detectable protein meiaty ler
detectable protein moieties) such that the protein
product expressed by the construct comprises the IRAP
protein mojety fused to the detectable protein meoiety
{or detectable protein maieties). Thus, for example,
DNA sequencea ¢oding for functional fluorescent protein
moieties are available commercially and may be used to
synthesise nucleic acid constructs c¢eding for the
chimeric IRAP protein of the invention, Additionally,
construction of suitable vectors contalping the desired
coding and contrel sequences employs standard
techniquesa that azre well understood in the arg.

In the DNA construct, a DNA fequence coding for
the detectable protein meiety is joined at the and of
the DNA sequence coding for the luminal portion of the
IRAP protein (in other words, the whole of the DNA
sequenge coding for the luminal portion of the IRAP
protein remains intact) or replaces all or a part of
the DNA secquence ¢oding for the luminal portion of the
IRAP probeln.

in a preferred enbodimenc of the invention, a DNA
sequence encoding an incomplete IRAF protein missing

its catalytic amino peptidase domain is used to

JP 2004-503778 A 2004.2.5
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synthesise a suitable DNA construct coding for the
chimeric IRAP protein; thus, in the rasultant DNA
constyuct, the sequence coding for the amine peptidase
domain of IRAY ia replaced by a sequence coding for the
detectable preotein moiety. Bxperimental resulis
demonstrate that the protein expressed by such a DNA
congtruct traffics and responds te insulin in a mannexr
indistinguishable from endogenous LRAP and GLUT4
itself.

A host cell is transfected with a suitahlse vector
including the DNA excoding the chimaeric IRAP censhruct
by methods known in the art. Nuclelc acida used to
transfect cells with sequences coding for expression of
the chimeric IRAP protein generally will be in the form
of an expression vector including expression control
sequences operatively linked to a muglentide sequence
coding for expressiocn of the polypsptide. As ussd, the
term *nuclecotide seguence c¢oding for expression ofn a
polypeptide refers te a sequence that, upon
transeription and tranglation of mMRNA, produces the
polypeptide. This can include pequencesg conktaining,
g.g., introns. &As used herein, the term "sxpression
contrel sequences® refers to nucleic acid sequences
that regqulate the exprsgsion of a miglaic acid sequence
to which it ie operatively linked. Expression combral
seguences are operatively limked to a pucleie acid
sequence which the expressicn contreol sequences contiol
and regulate the tramnscription and, as appropriate,
tranalation of the nucleic acid sequence. Thus,
expregzion vontrol sequences can include appropriate
promoters, enhancers, transcription terminators, a
start eadon (i.e., ATG}) in front of 3 protein-esncoding
gene, splicing sisnals foxr introns, maintenance of the
correct reading frame of thabt gens to permit proper

translation of the mRNA, and stop codens. Singe long

JP 2004-503778 A 2004.2.5
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term expresgsion of the chimeric IRAFP protein may be
toxic to cells, it is convenient if the expression of
the or each censtruct 18 undey the control of an
inducikle promoter, such as Ttetracycline responsive
promoters {e.g. the Clontech T-Rex systewm), Ecdysone-
bassd systems and the well known metallothicneln
promoter.

The resultant transfected host cell expremses the
chimeric IRAP protein, prefersbly under the control of
an inducible promoter. Suitable host cells which may
be transfected to praduce a stable.cell line include
adipocytes, for example 3T23-L1 adipocytes, skeletal
muscle cells or any other insulin-responsive cell.

The transfected host cells expressing the chimeric
IRAF protein may be used in an assay for determining
whether a candidate compound miwmics or antagonizes the
effects of insulin.

In an assay for determining whether a candidate
compound mimics the effscts of dinsulin, the assay in
acgordance with the first or second aspect of the
invention is carried out in the absence of ineulin and
the extent of GLUTZ vesicle translocaticn is compared
with that which ogcurs in a control experiment from
which the candidate compound (apd insulin) is absent:.
2 degree of GLUT4 vesicle translocation greater than
tﬁe aontrel indicates 2 compound which is a mimic of
ingulin,

T an assay for determining whether a candidate
compound antagonizes the effects of insulin, the assay
in accordance with the first aspect or tﬁe second
aspact of the invention is carrisd out in the prasence
of insulin and the extent of GLUT4 wasicle
translocation iz compared with that which cceurs in a
control experiment in which the candidate compound is

abgent (but in the presence of the same concentration

JP 2004-503778 A 2004.2.5
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of insulin). & degree of GLUT4 vesicle tranglocation
les= than the control indicates a compound which i1s
antagonizea the effects of insulin.

In more detail, the aseay of the invention may he
carried cut as follews. A culture of the stable
transfected cells is incubated in tha presence of a
candidate compound under suitable conditiona in the
presence of a suitable growth medium, with or without
ingulin (depending on whether the assay is being
carried out to identify an insulin mimic or
antagoniat), for a known period of-time. For example,
cells may be incubated with the candidate compound for
a suikable length of time {(e.g. 15 min - 2 hr) in a
growth wmedium such ag Dulbecco's Modified Baglés Medium
{OMEM) or HAMS F12 mediuin at 37°C in a humidified
incubator containing 5% C0;. Altexnatively, the c¢ells
would be maintained at 37°C in air and the medinm
supplemanted by HEPES and sodium bicarbonate in ordex
o maintain a suitable pE. In all cases, the cells
would ba in the absence of added serum for the
ingubation time. If imsulin is subsequently added,
this way [or example be for a peried of from & minutes
up ko an hour.

Where expression of the chimexic IRAP protein is
under the control of an imducible promoter, the IRAP-
CFp fusion protein will be induced by addition of
inducer to the cells and the incubation cazried out for
a known pericd of time from addition of the inducer.

After the incubatlion periocd, the cells are
analyzsed for the presence of the chimeric IRAP protein
present at the cell surface using the first detection
mathod. The total level of the chimeric IRAP fusion
protein expressed is then determined using the second
detaection method. The result, typically & gignal
intensity, obtained from the first detecticn method

JP 2004-503778 A 2004.2.5
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will be diwvided by the result, again typically 2 signal
intensity, obtained from the second detection methad rn
provide 2 ratic. This ratioc provides an additional
level of confidence in the.data generated. For
axample, calculating such a ratio allows one to correct
for any variabilities in the number of transfected
cells in the field of view, the level of inducticn of
expression of the fusion protein by inducer, and the
health of the cells (a decrease in signal will be
abserved 1f walls die or drop off the surfage of the
wall}. A major result of this a@ditional correction is
a decrease in Lhe frequency of false pogitives.

The assay of the inventicon is suitable for use as
a high throughput screening assay in which parallel
assays may be automated on standard multiwell plates.

The methods of the first and second zspects of the
invention may also be used to determine whether a
candidate compound mimice or antagonizes the effect of
a stimulus other thanm insulin which causes GLUT4
vesicle translocation. Other stimuli which can cause
GLUT4 vesicle translocation are osmotic stress (for
example which may be caused by sorbitol),
concentrations of nen-hydrolysable GTP analogues (e.g.
aTey8), AMP kinase activators {e.g. B-amino-4-
imidazclecarboxamide riboside; AICAR) and tyrosine
phosphatase inhibitors {e.g. vanadate). In thia
alternative assay, the cells would be contacted with an
alternative stimulant, for example sorbitol rather than
ingulin, after ingubation with the candicate compound.
Otherwige, the methodelogy of the assay is the mame as
for the asssy for identifying antegonists of insulin.

The invention will now be illustrated by reference

to the following examples.
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Ex 1
Detection of insulin-induged translocation of GLUT4-
aoptaining vesicles to the plagma membrane using
dmmuncfluorsscence
The IRAP-GFE construct used in this example was

constructed using an IRAP fragment 66-533 (from the
start site to the end of the extracellular 'stalk’
region) which was generated by PCR using specific
primers f£rom a partial cDNA IRAP clone available to the
ipventorg. The repulting fragment was cloned into the
poDWAZ vector using the flanking rastricticn enzyme
sitee. GFP3 with a C-terminal myc-tag was also
generated by BCR ueing specific primers and the product
cloned into peDNAY downstream of the TRAP insert.

CHO-T cells were bransfected or microinjected with
the IRAP-GFP construct and 24h later wers stiwmulabed
without or with 200nM imsulin for 30 min. Thie was
preceded by treatment with an inhibitor (e.g.
wortmannin} of insulin signalling.

subsequently cells were fixed and stained with
anti-GFP antihodies (Roche) without prior
permsahilisation, as described below, in oxder to
visualise GFP exposed on the surface of the plasma
menbrane only.

Iymmunofluoregesnce of cells

after washing twice in PBS at room temperature,
cells were fiwsd usging 4% (w/v) paraformaldehyde for 20
minutes at roow temperature. For staining, fixed cells
were incubated in the appropriate antibodies {(in this
case anti-GFP monoclonal antibediss) diluted in PRS
containing 3% {w/v) BSA for 30 min ko 1 h followsd by
incubation in & 1:200 dilution of the TRITC-ceoniugated
secondary antibody for 20 min to 1 h. ALl antibody
incubation steps wers followed by extensive washes in
PRS.

JP 2004-503778 A 2004.2.5
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The totzl IRAB-GFP expression level is given by
the level of GFP fluorescence (and Lhis corresponds to
the second detection method of the first aspect of the
inventicn). The IRAP-GFP exposad at the cell surface
is given by the lewvel of staining with the anti-GFP
antibodies (and this corrvesponds to the first detection
method of the first aspect of the invention). Figure 1
shows examples of the images that may be obtained by
gach. detection methad.

Fluaregcenca intensity due to IRAP-GFP
flucrescence and surface TIRAP-GFP ilmmunostaining was
then computed from ¢ells imaged in 20 fields of view
for each treatment condition. Results are expressed as
an average ratic aof surface : total IRAP-GFP. The
raesulte obtained are shown in Table I and Figure 2.

Tabls 1
TREATHENT HEAN R/G sn
Rasal 3.546 0.302
Insulin 1.252 0.514
Wortmannin 0.3263 0.208
Example 2
Detection of ipsylin-induced translocation of GLUT4-
containing vegicles po the plasma membrane in 3T3-11

adipogyges.

Differentiation of 3T3-L1 fibroblasts into the
adipocyte phenotype wag performed as follows:

3T3-L1 Eibroblaste (between passages 4 and 12)
were seeded onto 22mm glass coverslips and allowed to
grow to gonfluence. Differentiation inte adipooytes
wag induded in DMEM containing 10% (v/v} myoclone-plus
¥US, 0.25 pM dexamethasone, 0.5 mM

JP 2004-503778 A 2004.2.5
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ischutylmethylxanthine and 166 nM insulin for 2 days
{day 0 to day 2). This medium was replaced with DMEM
containing 10% (v/v) myoclons-plus FCS and 166 nM
inpulin for a further 2 days (day 2 to day 4}, From
day 4 onwards cells were maintained in DMEM containing
10 % (v/v) myoclane-plus FCS, replacing the madium
avery two days. 3T3-Ll adipooytes were used between
day 7 and day 10 after initiation of differentiation.

Differentiated 3T3-L1 adipocytes were
microinjected with the IRAP-GFP conatruot used in
Bxample 1 (pcDNA3}.

Microinjection was carried ouk using an Eppendorf
semi-automatic aystem (Eppendorf 5171 micromanipulator
and Eppendorf 5424 pressvre injector) and a2 Zeisa
Axiovert 100TV inverted microscope. Micropipetbes (0.2
te 0.5 ym external diameter} were pulled from glass
boroeilicate capillaries (GC120F-19; Clark Biomedical
Instruments) using a Sutter Instrument Co. Model BP-87
needle puller. Plaamide were microinjected at 20-200
pg/ml in 0.2x TE buffer with an injection time of 0.2-
1.0 s and at 60-200 hPa pressure. During the pericd of
microiniection, cells were incubated in growth wmedium
gupplemented with 25 wM HEPES pH 7.4 and 2 oM NaHCO;.
After wmicroinjecticn, the cells were incubated at 37°C
in the appropriate growth medium for 16-24 h to zllow
expression of protein encoded by the injected plasmid
DN&, before being serum-starved for 2 hours prior to
atimulation with or without 200nM insulin for 30
minutes.

Subsequantly, cella were fixed in 4%
paraformaldehyds and stained with anti-GFP antibodies,
az previously described, without prior
permeabilisaticon, in crder to visualise GFP exposed on
the surface only.

The total level of the IRAP-GFF expression is

JP 2004-503778 A 2004.2.5
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indicated by the level of CFP fluorascenee detected
{this corresponds to the second detecticn method of the
first aspect of the inventicon). The IRAP-GF? exposed
at the cell surface is given by the level of staining
with the anti-GFPF antibodies {and this ccrresponds to
the first detection method of the first aspect of the
invention}. Microinjected cells expreasing IRAP-GFP
ware imaged by confacal microscopy using a 16x%
cbijective. FPigure 3 shows examples of the images thab
may be obtained by each detection methed. The

fluorescence intensity due to IRAP-GFP fluorescence and

surface IRAP-GFFP immnostaining was computed for each
individual cell, using Leica Confocal Software, and a
background £luocrescence figurs subtracted. For ach
cell, the ratio of background corrected surface: total
IRAR-GFP wad calculated, The results obtained are
illustrated in Figure 4, Each data polnt represente
the red:green fluorescence ratic for cme cell, A high
ratio of surface:total IRAP-GFF indicates that the cell
has undergone a translocation of IRAP-GFP te the plasma
membrane, Figure 4 demonstrates that in the presence
cf ingulin, a significant properticn of cell undergo
cranslocakion detectable using this method.

JP 2004-503778 A 2004.2.5
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1. A methed of determining whether a candidate
compound mimics or antagonizes effects of insulin,
comprising:

{a) providing a transfected host cell comprising
2 nucleic acid sequence which encodes a protein
construct comprising an IRAP protein moiety and a
detectable protein moisty, wherein the detectable
protein molety is fused to a luminal domain of the IRAP
protein meiety and further wherein the detectable
praotein moiety is capable of being assayed by a first
detection method capable of detecting the protein
moiety when located excofacially but not whan located
intracellularly and a second detecgtion method capable
of detecting the protein molety beth when Tocated
exofacially and when located intracellularly;

(b} contacting the transfected host cgell with a
candidate compound:

{¢)  meaguring the amount of the excfacial protein
moiety by the 2aid first detection method and measuring
the total amount of exofacial and intracellular
detactable protein moiety by the said second detection
method; and

{d) comparing the smount of excfacial detectable
protein moiety with the total amcunt of excfacial and
intracellular detectable protein meiety to provide =
meapure of the extent of GLUT4 vesicle translocatiom.

2, & method zccording to zlaim 1, wherein an
antibody epitope is present on the detectable protein
moiety, said epitope being detectable by the first
detecticn metheod which is an immunological detection
wathod.

3. A method according te elaim 2, wherein the
immunclogical detection methoed comprises a step in

which the antibody epitope is labelled using a

JP 2004-503778 A 2004.2.5
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fluorescentiy labelled antibedy having a high affinity
for the epitope.

EW A method sceording te claim 2, wherein the
immunological detection wmethod comprises a first step
in which the antibeody epitepe is labelled using a first
antibody having a high affinivy for the epitops and a
second step in which the first antibody is detscted by
a fluorescently labeiled second antibedy having a high
affinity fox the first antibody.

5. A method according to any preceding claim,
wherein the detectabla protein moisty ie one which is
capable of generating a characteristic smission
spectrum detectable by the said second detecticn
method.

6. A method according te claim §, wherein ths
detectable protein modiety is a flucrescent protein

meiety.

7. A method aceording te claim 6, wherein the
fluorescent protein molety is a green fluorescent
protein.

e. A method of determining whether a candidate

compound mimies or antagonizes effects of insulin,
comprising:

{a) providing a transfected host cell compriming
a nucleic acid sequence which encodes a protein
congtruct comprising an IRAP protein molety, a first
detectable protein molety which is fused to a Iuminal
demain of the IRAP protein meiety and a second
detactable protein moiety which ie fused to a
ayteplagmic domain of the IRAP prokein moiety, wherein
the first detectable protein moiety is capable of beaing
azgayed by a first detection method capable oF
detecting the first protein moiety when located
exofacially but not when located imtracellularly and
wherein the second detectable protein moiety is capanle

JP 2004-503778 A 2004.2.5
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of being assayed by a second detection methed capable
of detecting the second protein moiety when located
intracellularly;

{k} contacting the transfected hast cell with a
candidate compound;

(c) measuring the amount of the First protein
moiety by the said fivet detection method repregenting
the amount of the first protein molety located
excfacially and weasuring the amount of the second
detectable protein mdiety by the said second detectiom
method representing the total amount of the second
detactable protein molety; and

{d) camparing the amount of exofacial first
detectable protein molety with the total amount of the
second detectable proteéin moiety to provide a measure
of the extent of GLUT¢ vesicle translocaticn.

9. & method according to claim 8, wherein the
first detectable protein molety comprises an antibody
epitope, sald epitope being detectable by the first
detection methed which is an immunclogical detection
wethod.

16. A mechod according to claim 9, whersin the
immunological detectionh method comprises z step in
which the antibody epitope is labelled uming a
flﬁcrescently labelled antibody having a high affinity
for the epitope.

11. A mechod according to «laim 9, wherein the
immunological detection method comprises a first step
in which the antibody epitope is labelled uging a first
antibody having a high affinity for the epitope and a
second step in which the first antibkody is detected by
a fluorescently labelled second antibody having a high
affinity for the firat antibody.

12. A method according to elaim 8, 2, 10 or 11,
wherein the second detectable protein moiety is one

JP 2004-503778 A 2004.2.5
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which is capable of generating a characteristic
emission spectrum detectable by the said second
detection method.

13. A method according to claim 12, wherein the
second detectable protein meiety is a fluorescent
protein moiety.

14. A method acceordipg to claim 13, wherein the
fluorescent protein molety is & green fluorescent
protein.

15. A mathod agccording to any preceding clalm
which is a method of identifying an antagonist of
insulin, and which further includes a atep in which
insulin is added before or after the transfected host
¢zll iz contacted with the candidate compound.

16. A method according to claim 15, whersin
insulin is added after the transfected host cell is
contacted with the candidate compound.

17. An insulin antagonist or mimic when
identified by the method of any praceding claim.

18. A chimeric TRAF protain comprising an IRAP
protein moiety and a detectable protein moiety, wherein
the detectable protein moiety is fused to a luminal
domatn of the IRAP protein molety and further wherein
the detectable protein moiety is capable of being
assayed by a Lirst detecticn method capable of
detecting the protein moiety when located exofacially
in a cell but not when located intracellularly and a
gecond detection method capable of destecting the
protein moiety both when located exefacially in a cell
and when located intracellularly.

19, & chimeric IRAP protein comprising (a) an
IRAP protein moiety, (b} a first detectable protein
moisty which iz fused to a luminal domain of the IRAP
protein moiety, said first derectaple protein moisty

being capable of being assayed by a flrst detection

JP 2004-503778 A 2004.2.5
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method capable of detecting the protein woieby when
located exofacially in a cell but not when located
intracellularly, and (&) a second deteciable protein
moiety which is fused tc a cytoplasmic demain of the
IRAP protein moiety, said second detectable praotein
moiety being gapahle of being assayed by a second
detection method capable of detecting the protein
moiety when located intracellularly.

20. A DMA malecules which encodes the chimeric
IRRP protein of claim 18 or 19.

JP
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