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[ DESCRI PTI ON]

[Title of | nventi on] METHOD FOR DETERM NING A
PROTEI N- PROTEI N | NTERACTI ON

[ Techni cal Fi el d]

The present invention relates to a method for
determ ning a protein-protein interaction, as well as a
vector and a kit for use in the nethod.

[ Background Art]

Met hods for det er m ni ng a protein-protein
interaction can be roughly categorized into two groups.
One is a method characterized by using a protein having
beenseparatedfromlivingcells. Exanplesof suchanmethod
include surface plasnmn resonance, protein mass
spectroscopy, and anisotropy nmeasurements. However,
t hese met hods have difficulty determ ning an interaction
in an environment simlar to an actual intracellular
environment .

Then, asthesecondnet hod, amet hod has beendevel oped,
inwhichaprotein-proteininteractionis determ ned using
living cells. Typical methods thereof are a yeast two
hybri d systemwhi ch detects atranscriptional activity of
a reporter, and nodified nmethods thereof. Besi des,
anot her method has been al so devel oped which utilizes
reconstitution of enzymes such as (f-galactosidase and
di hydrofol ate reductase (DHFR).

Nevert hel ess, these nmet hods have probl ens t hat t hey
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are incapable of determning a position where a
protein-protein interaction has taken place (positional
i nformation on the protein-proteininteraction), as well
asaperioduntil aprotein-proteininteractiontakes pl ace,
a period until the interaction ends, a duration of the
interaction, and the like (temporal information on the
protein-protein interaction).

Meanwhi | e, t he met hod for determ ni ng a
protein-protein interaction using living cells also
i ncludesamethodutilizingreconstitutionof afluorescent
pr ot ein. Nevert hel ess, once reconstituted, the
fluorescent protein does not dissociate. Accordingly,
t hi s met hod has aproblemthat it isincapabl eof determ ning
a period until a protein-protein interaction ends, a
duration of theinteraction, andthelike. Further, there
I's anot her problemthat a period until a protein-protein
i nteraction takes place and the |i ke cannot be determ ned
because em ssion of fluorescence requires a certaintime
after a protein-protein interaction takes place.

On the other hand, as a method for determ ning a
protein-proteininteractioninlivingcells, fluorescence
resonance energy transfer (FRET) has been devel oped whi ch
detects energy transfer dependent on a di stance between
mol ecul es. This nmethod has an advantage of obtaining
positional informati on and tenporal informati on on where

and when a protein-protein interaction takes place.
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Nevert hel ess, since a positional relation between a donor
fluorescent protein and an acceptor fluorescent protein
used in the method is inmportant to determne the
protein-protein interaction, the method involves a
conmplicated step of investigating the optim zati on of a
| i nker (spacer) connecting these fluorescent proteins to
a detection-target protein, sothat such a systemhas been
difficult to construct. Further, it has also been
difficult to analyze the result due to cross excitation
by whi ch an acceptor fluorescent proteinis excited, and
due to bl eed-through in which fluorescence of a donor
fluorescent protein bleeds through a filter (absorption
filter) set for detecting fluorescence of an acceptor
fluorescent protein. Moreover, use of fluorescent
proteins of two colors (donor fluorescent protein and
acceptor fluorescent protein) al so brings about a problem
that only a limted nunmber of fluorescent proteins are
usable in order to obtain information other than a
det ection-target protein.

Recently, Tobi as Meyer et al. have reported a net hod
for determ ningaprotein-proteininteractionbyutilizing
intracellular localization (PTL 1). In this nmethod, one
of protei nssubjectedtointeractiondeterm nationisfused
to aproteinthat specifically binds to a particular site
in acell, while the other of the proteins subjected to

interactiondeterm nationisfusedtoafluorescent protein
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or the like. Then, these fusion proteins are expressed
in a cell, and the protein-protein interaction 1is
determ ned on the basis of a signal of the fluorescent
protein or the like at the particular site in the cell.

In addition, Nibert et al. have reported a method
for determining a protein-proteininteraction by using a
fusion protein in which one of proteins subjected to
i nteractiondeterm nationisfusedtoaproteinfor formng
a viral inclusion body, and using, as an indicator,
accumul ati on of the other of the proteins subjected to
interactiondeterm nationintheviral i nclusionbody (PTL
2).

However, in these nethods for determning a
protein-protein interaction by utilizing intracellular
| ocalization, one of proteins subjected to interaction
determnationisforcibly (artificially) transl ocated and
confined at a particular siteinacell. Accordingly, the
determnation is inpossible at a site where a
protein-protein interaction naturally takes place, that
is, in an intracellular environment unique to the
protein-proteininteraction, whichbrings about a problem
that positional information on the protein-protein
i nteractioncannot be obt ai ned, andot her sim | ar probl ens.
Mor eover, it is also inmpossible to determne the
i nteraction between proteins |localizedinanatural state

at the same site as the site of the intracellul ar
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| ocal i zati on.

Agai nst thi s problem Sara Peterson Bjornet al. have
reported a nethod for determning a protein-protein
interaction (redistribution-trap method) in which
proteins are allowed to interact with each other in an
intracellular environment where the proteins naturally
function, and then the cells are stinmulated with a drug
or theliketothereby i nduce aggregate formati on fromthe
interacting proteins, the aggregate formation being
i ndi cative of the interaction (PTL 3).

However, this method needs to stinulate cells at
certaintinmesothat theaggregateformationcanbeinduced,
and al so needs to renove the drug or the |l i ke used for the
stimulation to determ ne the presence or absence of an
interaction subsequently after the stinmulation. Hence,
t he met hod has probl ems such as bei ngi ncapabl e of obt ai ni ng
t enpor al information on when the ©protein-protein
interaction takes place, and i ncapable of determ ning a
protein-protein interaction that changes (takes pl ace,
ends, takes pl ace again, andsoforth) for acertain period
and at a certain position.

[Citation List]

[ Patent Literature]
[ PTL 1] International Publication No. WO2000/017221
[ PTL 2] International Publication No. W02006/ 099486

[ PTL 3] United States Patent No. 7282347
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[ PTL 4] International Publication No. W02013/084950

[ Summary of | nvention]
[ Techni cal Probl em

The present inventi on has been made i n consi derati on
of the above-described problems in the conventional
techni ques. An object of the present invention is to
provi de a met hod capabl e of determ ni ng a protein-protein
interaction in a cell in an intracellular environnment
uni quetotheprotein-proteininteraction, andal socapabl e
of obt ai ning positional information and tenporal
information on the protein-protein interaction.
[ Sol ution to Problem

The present i nventors have conduct ed ear nest st udi es
in order to achieve the above object. As a result, the
i nventors have come up with an idea of wutilizing, in
determ ning an i nteracti on between two proteins (a first
protein and a second protein): a first fusion protein
conprising the first protein, a nmultimerizabl e protein,
and a fluorescent protein; and a second fusion protein
conprisingthe secondproteinandanultimerizabl e protein
(see Figs. 1 and 2). To be nore specific, the inventors
havecomeupwi thasystemasfoll ows. Whenthesetwofusion
proteins are expressed in a cell, an interaction if any
bet ween the first protein and the second protein induces
mul timer formati on bet ween the multi meri zabl e protein and

another nultimerizable protein. Thereby, the fusion
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prot ei nsautonomously formanassenbly, andt hefl uorescent
protein contained in the fusion proteinis detected as a
fluorescent focus.

Then, theinventorsactuallyconstructedthissystem
and expressed these fusion proteinsincells. Theresult
reveal ed that determ nation of certain protein-protein
interactions is possible onthe basis of fluorescent foci
detectedinthecells. Moreover, it was al soreveal edt hat
the system enabl es determ nation of a position where a
protein-protein interaction takes place (positional
i nformation on the protein-proteininteraction), as well
asaperioduntil aprotein-proteininteractiontakes pl ace,
aperioduntil theinteractionends, andthelike (tenpora
informationontheprotein-proteininteraction). Further,
the result of conmparing this method with another method
for determningaprotein-proteininteractiononthebasis
of a fluorescent focus (PTL 4) previously invented by the
present inventors reveal ed that the method of the present
i nventionissuperiortothemethodof PTL4intheefficiency
of determ ning honomultimer formati on; here, at | east the
first proteinandthesecondproteinarethesane nol ecul es
and these nol ecules forma di mer or a higher multimer as
t he homomul ti mer.

In addition, after verifying the effectiveness of
the systenms for detecting a fluorescent focus formed by

assenmbly formati on between the first fusion protein and
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the second fusion protein shown in Figs. 1 and 2, the
I nventors have come up with other detection systens for
determ ning a protein-proteininteraction (see Figs. 3to
6) . Specifically, the inventors have conme up wth
detection systens for determning a protein-protein
I nteraction by expressing in a cell or introducing into
acell thefirst fusionproteinandthesecondfusionprotein
separately for reconstitution of the fusion proteins in
the cell.

Tobenmorespecific, asshowninFig. 3, indeterm ning
aninteractionbetweenafirst proteinandasecondprotein,
when a third fusion protein conmprising the first protein
and a multinmerizable protein, a fourth fusion protein
conprisingthesecondproteinandamultimerizabl e protein,
andfifthfusionproteinseachconprisinganmultimerizable
protein and a fluorescent protein are expressed in a cell
or introduced into a cell, the multimerizable proteins
associate with each other. Thereby, the third fusion
protein bindstothefifth fusionproteinwhilethe fourth
fusion protein binds tothe fifth fusion protein, so that
proteins respectively corresponding to the first fusion
protein and the second fusion proteinshowninFigs. 1and
2 are presumably expressedinthecell. Moreover, if such
a presunmption is correct, as in the case of the systens
for detecting a fluorescent focus formed by assenmbly

formati on between the first fusion protein and the second
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fusion protein shown in Figs. 1 and 2, the follow n

g can be expected also from a system for detecting a
fluorescent focus formed by assenbly formation anong t he
third fusion protein, the fourth fusion protein, and the
fifth fusion protein shown in Fig. 3: an interaction if
any betweenthefirst proteinandthesecondproteininduces
mul timer formati on bet ween the multi meri zabl e protein and
another nmultimerizable protein; thereby, the fusion
prot ei nsaut onomously formanassenbly, andt hefl uorescent
proteins containedinthe fusion proteins are detected as
fluorescent foci.

Mor eover, as shown in Fig. 4, when a first | abel ed
protein conprising an affinity tag and the first protein,
a second | abel ed protein conprising an affinity tag and
the second protein, and sixth fusion proteins each
conprisingamultimerizabl eprotein, afluorescent protein,
and a bi ndi ng partner having an affinity for any of the
affinity tags and bound to the sixth fusion protein are
expressedinacell or introducedintoacell, theaffinity
tags bind to the binding partners. Thereby, the first
| abel ed protein binds to the sixth fusion protein
conprising the binding partner bound thereto while the
second | abel ed protein binds to the sixth fusion protein
conprising the binding partner bound thereto, so that
protein conpl exes respectively correspondingtothe first

fusion protein andthe second fusion protein shownin Fig.
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2 are presumably expressedinthecell. Specifically, it
is presumed that the conmpl ex conposed of the fluorescent
protein, thenultimerizabl e protein, the binding partner,
the affinity tag, and the first protein functions as the
first fusion protein shown in Fig. 2, while the compl ex
composed of the fluorescent protein, the nmultimerizable
protein, the binding partner, the affinity tag, and the
second proteinfuncti ons asthesecondfusionproteinshown
in Fig. 2. Moreover, as in the case of the system shown
in Fig. 2, when these protein conpl exes are expressed, an
interactionif any betweenthefirst proteinandthesecond
protein I nduces mul ti mer formati on bet ween t he
mul ti merizable protein and another mul timerizabl e
protein; thereby, the fusion proteins autononmously form
an assenmbly, and the fluorescent proteins containedinthe
fusion proteins are detected as fluorescent foci.
Further, as shown in Fig. 5, when a seventh fusion
protein conprising the first protein and a first parti al
peptide constituting a fluorescent protein, an eighth
fusion protein conprising the second protein and a first
partial peptide constituting a fluorescent protein, and
ninth fusion proteins each comprising a nultimerizable
protein and a second partial peptide capable of
reconstituting any of the fluorescent proteins by binding
to the first partial peptide are expressed in a cell or

introduced into a cell, the fluorescent proteins are

10
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expressed in the cell by the reconstitution. Moreover,
asinthe case of the systemshowninFig. 2, aninteraction
i f any between the first protein and the second protein
I nduces multimer formation between the nultimerizable
protein and another nmultimerizable protein; thereby, the
fusion proteins autononously form an assenbly, and the
fluorescent proteins containedinthe fusion proteins are
detected as fluorescent foci.

Furt hernore, as shown in Fig. 6, when atenth fusion
protein conprising the first protein and a third parti al
pepti deconstitutingamultinmerizabl eprotein, aneleventh
fusion protein conprising the second protein and athird
parti al peptideconstitutinganultimerizableprotein, and
twel fth fusion proteins each conprising a fluorescent
protein and a fourth partial peptide capable of
reconstituting any of the multimerizable proteins by
binding to the third partial peptide are expressed in a
cell orintroducedintoacell, thenmultimerizabl eproteins
areexpressedinthecell bythereconstitution. Moreover,
asinthe case of the systemshowninFig. 2, aninteraction
i f any between the first protein and the second protein
I nduces multimer formation between the nultimerizable
protein and another nmultimerizable protein; thereby, the
fusion proteins autononously form an assenbly, and the
fluorescent proteins containedinthe fusion proteins are

detected as fluorescent foci.

11
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Thus, the inventors actually <constructed the
detection systemshown in Fig. 3, too, and expressed the
above-descri bed fusion proteins in cells. The result
reveal ed t hat the systemfor detecting afluorescent focus
formed by assenbly formati onamngthethirdfusionprotein,
the fourth fusion protein, and the fifth fusion protein
al so enabl es determ nation of certain protein-protein
I nteractions onthe basis of fluorescent foci detected in
the cells. Moreover, the inventors constructed the
detection systemshown in Fig. 4, too, and expressed the
above-descri bed fusion proteins in cells. The result
reveal ed t hat the systemfor detecting afluorescent focus
formed by an associ ati on anong the first | abel ed protein,
t he second | abel ed protein, and the sixth fusion protein
compri sing the binding partner bound t hereto al so enabl es
determ nati on of certain protein-proteininteractions on
t he basis of fluorescent foci detected in the cells.

Further, based on the systenms shown in Fig. 1 and
so forth, the present inventors have come up with a system
showninFig. 7as anenmbodi ment for detectinganinteraction
among three or nmore proteins. Specifically, when a
thirteenthfusionproteinconprisingthefirst proteinand
a multimerizable protein, a fourteenth fusion protein
conprisingthesecondproteinandamultimerizabl e protein,
and a fifteenth fusion protein conprisingathird protein

and a fluorescent protein are expressed in a cell or

12
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introduced into a cell, an interaction if any anong the
first protein, the second protein, and the third protein,
as inthe cases of the systens showninFig. 1andsoforth,
I nduces multimer formation between the nultimerizable
protein and another nmultimerizable protein; thereby, the
fusion proteins autononously form an assenbly, and the
fluorescent protein contained in the fusion protein is
detected as a fluorescent focus.

Hence, the inventors actually constructed the
detection systemshown in Fig. 7, too, and expressed the
above fusion proteinsincells. Theresult reveal ed t hat
the systemfor detecting a fluorescent focus fornmed by an
associ ation among the thirteenth fusion protein, the
fourteenthfusionprotein, andthefifteenthfusi onprotein,
that is, a fluorescent focus fornmed by the assenbly
formati on, al so enables determnation of —certain
protein-proteininteractions onthe basis of fluorescent
foci detected in the cells.

Furt her, based on the above results, the present
i nventors have come up with a system shown in Fig. 8 as
a systemfor determning a protein-protein interaction.
Specifically, the inventors have <come up wth a
constructionof asysteminwhichasixteenthfusionprotein
conprising the first protein, a first multimerizable
protein, and a fluorescent protein, and a seventeenth

fusion protein conprisingthe second protein and a second

13
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mul ti merizable protein are expressed in a cell or
I ntroduced into a cell. In a case where the first
mul ti merizable protein is a different protein fromthe
second mul timeri zabl e protein, the first protein and the
second proteininteract with each other, further i nducing
mul timer formati on betweenthe multi meri zabl e protei nand
another nmultimerizable protein; thereby, the fusion
protei nsautonomouslyformanassenbly, andt hefl uorescent
protein contained in the fusion proteinis detected as a
fluorescent focus.

Then, the inventors actually <constructed the
detection systemshown in Fig. 8, too, and expressed the
above fusion proteinsincells. Theresult reveal ed t hat
the systemfor detecting a fluorescent focus fornmed by an
associ ati on between t he si xteenth fusion protein and the
seventeenth fusion protein, that is, a fluorescent focus
formed by the assenbly formation, al so enabl es
determ nati on of certain protein-proteininteractions on
t he basis of fluorescent foci detected in the cells.

Thus, the present invention relates to a method for
determ ning a protein-protein interaction, as well as a
vector and akit for useinthe mthod. Morespecifically,
t he present i nvention provides the followi ng inventions.
<1> A method for determ ning an interaction between a
first protein and a second protein, the method conpri sing

the followi ng steps (1) to (3):

14
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(1) expressing inacell or introducing into a cell
a first fusion protein conprising the first
protein, a multimerizable protein, and a fluorescent
protein, and
a second fusion protein conmprising the second
protein and a nultimerizable protein;

(2) detecting a fluorescent focus formed by an
associ ationbetweenthefirst fusionproteinandthe second
fusion protein in the cell; and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<2> Themethodaccordingto<1>, whereinthesecondfusion
protein further conprises a fluorescent protein.
<3> The method according to <1> or <2>, wherein the
fluorescent protein is a nonomeric fluorescent protein.
<4> Anethod for detectinganinteractionbetweenafirst
protein and a second protein, the method conprising the
followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a third fusion protein conprising the first
protein and a nultimerizable protein,

a fourth fusion protein conmprising the second
protein and a nultimerizable protein, and

a fifth fusion protein conmpri si ng a

mul ti merizable protein and a fluorescent protein;

15
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(2) detecting a fluorescent focus formed by an
associ ation among the third fusion protein, the fourth
fusion protein, and the fifth fusion proteininthe cell;
and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<5> The met hod accordingto <4>, whereinthe fluorescent
protein is a nonomeric fluorescent protein.
<6> A vector conmprising a DNA encoding a nulti meri zabl e
protein, aDNAencodi ngafluorescent protein, andacl oning
site, wherein

t he vector i s capabl e of expressing a fusion protein
conprising the nmultimerizable protein, the fluorescent
protein, and a certain protein when a DNA encodi ng the
certain protein is inserted in the cloning site.
<7> A kit for use in the method according to any one of
<1>to0 <3> the kit conmprising aninstruction and at | east
one substance selected fromthe group consisting of the
following (a) to (h):

(a) the vector according to <6>;

(b) a vector encoding the first fusion protein;

(c) a vector encoding the second fusion protein;

(d) atransformed cell comprising a vector encodi ng
the first fusion protein;

(e) atransformed cell comprising a vector encodi ng

16
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the second fusion protein;

(f) atransformed cell comprising a vector encodi ng
the first fusion protein and a vector encodi ng t he second
fusion protein;

(g) the first fusion protein; and

(h) the second fusion protein.
<8> AKkit for useinthe method according to <4> or <5>,
thekit conprisinganinstructionandat | east one subst ance
sel ected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conmprising a DNA encoding the
mul ti merizable protein and a cloning site, wherein the
vector i s capabl e of expressingafusionproteinconprising
the multimerizable protein and a certain protein when a
DNA encodingthe certainproteinisinsertedinthecloning
site;

(b) a vector encoding the third fusion protein;

(c) a vector encoding the fourth fusion protein;

(d) a vector encoding the fifth fusion protein;

(e) atransformed cell comprising a vector encodi ng
the fifth fusion protein;

(f) the third fusion protein;

(g) the fourth fusion protein; and

(h) the fifth fusion protein.
<9> Anethod for detectinganinteractionbetweenafirst

protein and a second protein, the method conprising the

17
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followi ng steps (1) to (3):
(1) expressing inacell or introducing into a cell

afirst | abel ed proteinconprisinganaffinity
tag and the first protein,

asecond | abel ed proteinconprisinganaffinity
tag and the second protein, and

a si xth fusion protein conmpri si ng a
mul ti merizable protein, a fluorescent protein, and a
bi ndi ng partner having an affinity for any of the affinity
tags and bound to the sixth fusion protein;

(2) detecting a fluorescent focus formed by an
associ ation among the first | abeled protein, the second
| abel ed protein, and the sixth fusion protein conmprising
t he binding partner bound thereto in the cell; and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<10> A kit for use in the method according to <9>, the
kit conmprising an instruction and at | east one substance
sel ected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the affinity
tag and a cloning site, wherein the vector is capabl e of
expressing a fusion protein conprising the affinity tag
when a DNA encoding a certain proteinis inserted inthe

cloning site;

18
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(b) a vector encoding the first |abel ed protein;

(c) a vector encoding the second | abel ed protein;

(d) a vector encoding the sixth fusion protein
conprising the binding partner bound thereto;

(e) atransformed cell conmprising a vector encoding
the sixth fusion protein conmprising the binding partner
bound t hereto;

(f) the first | abeled protein;

(g) the second | abel ed protein; and

(h) the sixth fusion protein conprisingthe binding
partner bound thereto.
<11> Anethod for detectinganinteractionbetweenafirst
protein and a second protein, the method conprising the
follow ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a seventh fusion protein comprising the first
protein and a first partial peptide constituting a
fluorescent protein,

an ei ghth fusion protein conprisingthe second
protein and a first partial peptide constituting a
fluorescent protein, and

a ni nth fusion protein conpri si ng a
mul ti meri zabl eprotei nandasecondpartial pepti decapabl e
of reconstituting any of the fluorescent proteins by
binding to the first partial peptide;

(2) detecting a fluorescent focus formed by an

19



10

15

20

25

associ ati on anong t he sevent h fusion protein, the eighth
fusion protein, and the ninth fusion proteininthe cell;
and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<12> A kit for use in the method according to <11>, the
kit conprising an instruction and at | east one substance
sel ected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the first
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthefirst
parti al peptide when a DNA encoding a certain proteinis
inserted in the cloning site;

(b) a vector encoding the seventh fusion protein;

(c) a vector encoding the eighth fusion protein;

(d) a vector encoding the ninth fusion protein;

(e) atransformed cell conmprising a vector encoding
the ninth fusion protein;

(f) the seventh fusion protein,;

(g) the eighth fusion protein; and

(h) the ninth fusion protein.
<13> Anethod for detectinganinteractionbetweenafirst
protein and a second protein, the method conprising the

follow ng steps (1) to (3):

20
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(1) expressing inacell or introducing into a cell

a tenth fusion protein conprising the first
protein and a third partial peptide constituting a
mul ti merizabl e protein,

an eleventh fusion protein conprising the
second protein and a third partial peptide constituting
a multimerizable protein, and

a twelfth fusion protein conprising a
fluorescent protein and a fourth partial peptide capable
of reconstituting any of the nmultimerizable proteins by
binding to the third partial peptide;

(2) detecting a fluorescent focus formed by an
associ ati on anong the tenth fusion protein, the eleventh
fusionprotein, andthetwelfthfusionproteininthecell;
and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<14> A kit for use in the method according to <13>, the
kit conprising an instruction and at | east one substance
selected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the third
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthethird

parti al peptide when a DNA encoding a certain proteinis
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inserted in the cloning site;

(b) a vector encoding the tenth fusion protein;

(c) a vector encoding the eleventh fusion protein;

(d) a vector encoding the twelfth fusion protein;

(e) atransformed cell conmprising a vector encoding
the twelfth fusion protein;

(f) the tenth fusion protein;

(g) the eleventh fusion protein; and

(h) the twelfth fusion protein.
<15> A method for detecting an interaction anong a first
protein, asecond protein, andathird protein, the method
comprising the followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a thirteenth fusion protein conprising the
first protein and a nmultimerizable protein,

a fourteenth fusion protein conmprising the
second protein and a nmultimerizable protein, and

afifteenthfusionproteinconmprisingthethird
protein and a fluorescent protein;

(2) detecting a fluorescent focus formed by an
associ ation among the thirteenth fusion protein, the
fourteenthfusionprotein, andthefifteenthfusi onprotein
in the cell; and

(3) determning an interaction among the first
protein, the second protein, and the third protein

according to the detection of the fluorescent focus.

22



10

15

20

25

<16> A kit for use in the method according to <15>, the
kit conprising an instruction and at | east one substance
selected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conmprising a DNA encoding the
mul ti merizable protein and a cloning site, wherein the
vector i s capabl e of expressingafusionproteinconprising
the mul timerizabl e protein when a DNA encodi ng a certain
protein is inserted in the cloning site;

(b) avector conprisingaDNAencodi ngthefl uorescent
protein and a cloning site, wherein the vector i s capable
of expressing a fusion proteinconprisingthe fluorescent
protei n when a DNA encodi ng a certain proteinis inserted
in the cloning site;

(c) avector encodingthethirteenth fusion protein;

(d) avector encoding the fourteenth fusi on protein;

(e) a vector encoding the fifteenth fusion protein;

(f) the thirteenth fusion protein;

(g) the fourteenth fusion protein; and

(h) the fifteenth fusion protein.
<17> A method for determ ning an interaction between a
first protein and a second protein, wherein

afirst multimerizableproteinisadifferent protein
froma second multimerizable protein, and

t he met hod conprises the foll owi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

23
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asixteenthfusionproteinconmprisingthefirst
protein, the first multimerizable protein, and a
fluorescent protein, and

a seventeenth fusion protein conprising the
second protein and the second multimerizabl e protein;

(2) detecting a fluorescent focus formed by an
associ ati on between t he si xteenth fusion protein and the
seventeenth fusion protein in the cell; and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.
<18> A kit for use in the method according to <17>, the
kit conmprising an instruction and at | east one substance
sel ected fromthe group consisting of the followi ng (a)
to (f):

(a) a vector conmprising a DNA encoding the first
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capable
of expressing a fusion protein conprising the first
mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(b) a vector comprising a DNA encoding the second
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capabl e

of expressing a fusion protein conprising the second
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mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(c) a vector encoding the sixteenth fusion protein;

(d) avector encodi ngthe seventeenthfusionprotein;

(e) the sixteenth fusion protein; and

(f) the seventeenth fusion protein.
[ Advant ageous Effects of Invention]

The present i nventi on makes it possi bl eto determ ne
a protein-protein interaction 1in an intracellular
environment wunique thereto, and to obtain positional
i nformation and t enpor al i nformation on the
protein-protein interaction based on the determ nation
resul t. Particularly, the present invention makes it
possibletoefficiently determ ne homormul ti mer formation
inanintracellul ar environment uni quetothe homomul ti mer
formati on, and also to efficiently obtain positional
i nformation and tenporal information on the homonul ti mer
formati on based on the determ nation result.
[Brief Description of Draw ngs]

[Fig. 1] Fig. 1is aconceptual diagramfor illustrating
one embodiment of a first method for determning a
protein-protein interaction of the present invention.
Specifically, the diagramillustrates that when a first
fusion protein conprisingafirst protein (inthefigure,

A), a multinmerizable protein (in the figure, C) and a
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fluorescent protein(inthefigure, D), and a second fusi on
proteinconprising asecondprotein(inthe figure, B) and
amultimerizable protein (inthe figure, C) are expressed
inacell or introducedintoacell, aninteraction between
the first proteinandthe second protein can be determ ned
according to the detection of a fluorescent focus fornmed
by assembly formati on bet ween the first fusion proteinand
the second fusion protein in the cell.

[Fig. 2] Fig. 2is aconceptual diagramfor illustrating
one enmbodi ment of the first method for determning a
protein-protein interaction of the present invention.
Specifically, the diagramillustrates that when the first
fusionproteinconmprisingthefirst protein(inthefigure,
A), the multimerizable protein (inthe figure, C) and the
fluorescent protein (in the figure, D), and the second
fusionproteinconprisingthesecondprotein(inthefigure,
B) andmul ti meri zabl eprotein(inthefigure, C) andfurther
comprising a fluorescent protein (in the figure, D) are
expressedinacell orintroducedintoacell, aninteraction
bet ween the first protein and the second protein can be
det erm ned according to the detection of a fluorescent
focus formed by assenbly formati on betweenthefirst fusion
protein and the second fusion protein in the cell.

[Fig. 3] Fig. 3is aconceptual diagramfor illustrating
one embodi ment of a second nethod for determ ning a

protein-protein interaction of the present invention.
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Specifically, the diagramillustrates that when a third
fusion protein conprisingafirst protein (inthefigure,
A) andamultinmerizableprotein(inthefigure, C), afourth
fusion proteinconprisingasecondprotein(inthefigure,
B) and a nultimerizable protein (in the figure, C), and
afifthfusionproteinconprisinganmultimerizableprotein
(inthefigure, C) andafluorescent protein(inthefigure
D) are expressed in a cell or introduced into a cell, an
i nteraction between the first protein and the second
protein can be determ ned according to the detecti on of
afluorescent focus formed by assenbly formati on anong t he
third fusion protein, the fourth fusion protein, and the
fifth fusion protein in the cell

[Fig. 4] Fig. 4is aconceptual diagramfor illustrating
one embodiment of a third method for determning a
protein-protein interaction of the present invention.
Specifically, the diagramillustrates that when a first
| abel ed proteincomprisingafirst protein(inthefigure,
A) andanaffinitytag (inthefigure, E1), asecond | abel ed
protein conprising asecondprotein(inthefigure, B) and
an affinity tag (in the figure, E1), and a sixth fusion
proteinconmprisinganultimerizableprotein(inthefigure,
C), afluorescent protein(inthefigure, D), and a bi ndi ng
partner (in the figure, E2) having an affinity for any of
the affinity tags and bound to the sixth fusion protein

are expressed in a cell or introduced into a cell, an
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i nteraction between the first protein and the second
protein can be determ ned according to the detecti on of
afluorescent focus formed by assenbly formati on anong t he
first | abel ed protein, the second | abel ed protein, andthe
si xth fusion protein conprisingthe binding partner bound
thereto in the cell.

[Fig. 5] Fig. 5is aconceptual diagramfor illustrating
one embodi ment of a fourth method for determning a
protein-protein interaction of the present invention.
Specifically, the diagramillustrates that when a seventh
fusion protein conprisingafirst protein (inthefigure,
A) and a first partial peptide (in the figure, dl)
constituting a fluorescent protein, an eighth fusion
proteinconprising asecondprotein(inthefigure, B) and
afirst partial peptide (in the figure, dl) constituting
a fluorescent protein, and a ninth fusion protein
comprisinganmnultimerizableprotein(inthefigure, C) and
a second partial peptide (in the figure, d2) capabl e of
reconstituting any of the fluorescent proteins by binding
to the first partial peptide are expressed in a cell or
i ntroduced into a cell, an interaction between the first
proteinandthe second proteincan be determ ned accordi ng
tothe detection of afluorescent focus formed by assenmbl y
formati on among the seventh fusion protein, the eighth
fusion protein, and the ninth fusion proteininthe cell.

[Fig. 6] Fig. 6 is aconceptual diagramfor illustrating
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one embodiment of a fifth method for determning a
protein-protein interaction of the present invention.
Specifically, the diagramillustrates that when a tenth
fusion protein conprisingafirst protein (inthefigure,
A) and a third partial peptide (in the figure, cl)
constitutingammultimerizabl e protein, aneleventh fusion
protein conprising asecond protein (inthefigure, B) and
athird partial peptide (inthe figure, cl) constituting
a multimerizable protein, and a twelfth fusion protein
comprising a fluorescent protein (in the figure, D) and
a fourth partial peptide (in the figure, c2) capabl e of
reconstituting any of the multimerizable proteins by
binding to the third partial peptide are expressed in a
cell or introducedintoacell, aninteraction betweenthe
first protein and the second protein can be determ ned
according to the detection of a fluorescent focus fornmed
by assembly formati on anmong the tenth fusi on protein, the
el eventh fusion protein, and the twelfth fusion protein
in the cell.

[Fig. 7] Fig. 7is aconceptual diagramfor illustrating
one embodi ment of a sixth method for determning a
protein-protein interaction of the present invention.
Specifically, the diagram illustrates that when a
thirteenth fusion protein conprising afirst protein (in
thefigure, A) andamnultinmerizableprotein(inthefigure,

C), afourteenthfusionproteinconprisingasecondprotein

29



10

15

20

25

(in the figure, B) and a nmultimerizable protein (in the
figure, C), and a fifteenth fusion protein conmprising a
third protein(inthefigure, F) and a fluorescent protein
(inthe figure, D) are expressed in a cell or introduced
into acell, an interaction among the first protein, the
second protein, and the third protein can be determ ned
according to the detection of a fluorescent focus formed
by assenbly formati on anmongthethirteenthfusionprotein,
the fourteenth fusion protein, and the fifteenth fusion
protein in the cell

[Fig. 8 Fig. 8is aconceptual diagramfor illustrating
one enmbodi ment of a seventh method for determning a
protein-protein interaction of the present invention.
Specifically, the diagram illustrates that a first
mul ti merizable protein (inthe figure, C) is a different
proteinfromasecondnultimerizableprotein(inthefigure,
G, and that when a sixteenth fusion protein conprising
afirst protein(inthefigure, A), thefirst nultimerizable
protein, and a fl uorescent protein (inthefigure, D), and
a seventeenth fusion protein conprising a second protein
(inthe figure, B) and the second nmultinmerizable protein
are expressed in a cell or introduced into a cell, an
i nteraction between the first protein and the second
protein can be determ ned according to the detecti on of
a fluorescent focus formed by assenmbly formati on bet ween

the sixteenth fusion protein and the seventeenth fusion
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protein in the cell.

[Fig. 9] Fig. 9 shows m crographs for illustrating the
result of expressing incells a fusion protein according
tothepresent i nventi on(PB1- mMAGl- FKBP12 nut ant) conposed
of a PB1 domai n of a p62 proteinasamnultimerizabl e protein
and mMAGl as afl uorescent proteinfusedtoananal ysistarget
FKBP12 nut ant, and then adding a drug B/ B Honodi meri zer
to the cells to analyze whether or not it is possible to
determ ne, on the basis of a fluorescent focus, honodi mer
formati on of the FKBP12 nutant attri butable to the drug
addition. The figure shows the result of analyzing the
cells beforethe drug addition, thecells 38 m nutes after
t he drug addition, and the cells 76 m nutes after the drug
addition, in this order fromthe left. Moreover, in the
figure, the scale bars represent 20 um

[Fig. 10] Fig. 10 shows m crographs for illustratingthe
result of detecting fluorescent foci indicating the
honmodi mer formation of the FKBP12 nutant attri butable to
the drug addition according to the method described in
I nt ernati onal Publication No. WO2013/084950. The figure
shows the result of analyzing the cells before the drug
addition, the cells 58 m nutes after the drug addition,
and the cells 66 m nutes after the drug addition, inthis
order fromthe | eft. Moreover, in the figure, the scale
bars represent 20 um

[Fig. 11] Fig. 11 shows m crographs for illustratingthe
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result of analyzing whether or not it is possible to
determ ne, on the basis of a fluorescent focus, that the
homodi mer formation of the FKBP12 nutant attributable to
the addition of the B/B Honodinmerizer to cells
constitutively expressing the PBl- mMAGl- FKBP12 mutant is
di ssoci ated (di srupted) by addi ng B/ BWashout Li gand. The
figure shows the result of analyzing the cells before the
drug addition, the cells 90 mnutes after the B/B
Homodi meri zer addition, and the cells 90 m nutes after the
B/ B Honmodi meri zer was washed away and t hen t he B/ B Washout
Li gand was added, in this order fromthe l eft. Moreover,
in the figure, the scale bars represent 20 um

[Fig. 12] Fig. 12 is agraphfor illustrating the result
of anal yzi ng whether or not it is possible to determ ne,
on the basis of a fluorescent focus, that the honodi mer
formati onof the FKBP12 nutant attri butabletotheaddition
of the B/ B Homodi merizer to the cells constitutively
expressing the PBl1- mMAGl- FKBP12 nmut ant i s dissociated by
addi ng t he B/ B Washout Ligand. Inthe figure, Ashows the
el apsed time after the B/ B Honodi meri zer was added to t he
cells. B shows the time of washing away the B/B
Homodi meri zer havi ng been added tothecells. Cshows the
el apsedtime after the washi ng foll owed by t he B/ B Washout
Li gand addition to the cells.

[Fig. 13] Fig. 13 shows m crographs for illustratingthe

result of expressing incells a fusion protein according
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to the present invention (mAGl- PB1l-p53 or p53- mAGl- PB1)
conposed of a PB1 domai nof ap62proteinasanultimerizable
protein and mMAGL as a fluorescent protein fused to an
anal ysi starget p53toanal yze whet her or not it i s possible
to determ ne homormul ti mer formation of p53 on the basis
of a fluorescent focus. Note that, in the figure,
"mMAGl- PB1- p53" shows the result of detecting fluorescent
signal s derived fromthe protein conposed of a proteintag
according to the present invention (the fusion protein
conprisingthemultimerizable proteinandthefluorescent
protein) fusedtothe N-term nus of p53. The panel onthe
right of "mAGl-PB1-p53" shows the result of detecting
nucl ei bytreatingthecell swi thHoechst 33342. Moreover
"p53- MAGL- PB1" shows the result of detecting fl uorescent
signals derived fromthe protein conposed of the protein
tag according to the present invention fused to the
C-term nus of p53. Thepanel ontheright of "p53- MAGL- PB1"
shows the result of detecting nuclei by treatingthecells
wi t hHoechst 33342. Inthefigure, thescal ebarsrepresent
20 pm

[Fig. 14] Fig. 14 shows m crographs for illustratingthe
result of expressing incells a fusion protein (mAGL-p53
or p53- mMAGl) conmposed of only mAGlL as afl uorescent protein
fused to an anal ysis target p53 to anal yze whet her or not
it is possibletodeterm ne homomul ti mer formation of p53

on the basis of a fluorescent focus. Note that, in the
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figure, "mAGl-p53" shows the result of detecting
fluorescent signals derived fromthe protein conposed of
the fluorescent protein fused to the N-term nus of p53.
The panel on the right of"mAGLl- p53" shows the result of
detecting nuclei by treatingthecells with Hoechst 33342.
Mor eover, "p53-mAGLl" shows the result of detecting
fluorescent signals derived fromthe protein conposed of
the fluorescent protein fused to the C-term nus of p53.
The panel on the right of "p53-mAGL" shows the result of
detecting nuclei bytreatingthecells wi th Hoechst 33342.
In the figure, the scale bars represent 20 pm

[ Fig. 15] Fig. 15 shows m crographs for illustratingthe
result of expressing in cells a protein (PBl-p53(70))
conposed of a PBl domain of a p62 protein fused to the
N-term nus of a partial peptide of an anal ysi s target p53,
and ( PB1- mMAGl- MDM2) conmposed of aPBl domai nof ap62 protein
and mAGlL fused tothe N-term nus of an anal ysi s target VMDM2
to anal yze whether or not it is possible to determ ne a
protein-protein interaction between p53(70) and MDM2 on
t he basi sof afluorescent focus. Notethat, inthefigure,
"Nutlin-3 (-)" shows the result of observing the cells
before the addition of Nutlin-3, which is an inhibitor
agai nst the protein-proteininteraction. "Nutlin-3(+),
30m n" shows the result of observing the cells when 30
m nut es el apsedafter theNutlin-3addition. Inthefigure,

the scale bar represents 20 pum
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[Fig. 16] Fig. 16 shows m crographs for illustratingthe
result of expressingincellsaprotein(p53(70)-mAGl-PB1)
composed of mMAGL and a PB1 domain of a p62 protein fused
tothe C-term nus of apartial pepti de of ananal ysistarget
p53, and ( PB1- MDM2) conmposed of a PB1 domai n of ap62 protein
fusedtotheN-term nus of ananal ysi starget MDM2t o anal yze
whet her or not it i spossibletodeterm neaprotein-protein
interaction between p53(70) and MDM2 on the basis of a
fluorescent focus. Note that, in the figure, "Nutlin-3
(-)" shows the result of observing the cells before the
addition of Nutlin-3, which is an inhibitor against the
protein-proteininteraction. "Nutlin-3(+), 30m n" shows
the result of observing the cells when 30 m nutes el apsed
after theNutlin-3addition. Inthefigure, thescal ebars
represent 20 pm

[Fig. 17] Fig. 17 shows m crographs for illustratingthe
result of expressingincells aprotein (PBl-mAGl- FKBP12)
conposed of a PBl domain of a p62 protein and mAGL fused
totheN-term nus of ananal ysi starget FKBP12, andaprotein
(mMITOR( FRB domai n) - PB1) conposed of a PB1 domain of a p62
protein fused to the C-term nus of an anal ysis target FRB
domai n of a MIOR protein to anal yze whether or not it is
possible to determne a protein-protein interaction
bet ween FKBP12 and mIOR(FRB domain) on the basis of a
fluorescent focus. Note that, in the figure, "Rapamycin

(-)" shows the result of observing the cells before the
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addition of rapanmycin, which is an inducer for the
protein-protein interaction. "Rapanycin (+), 30m n"
shows the result of observing the cells when 30 m nutes
el apsed after the rapamycin addition. Inthe figure, the
scal e bars represent 100 um

[Fig. 18] Fig. 18 shows m crographs for illustratingthe
result of expressingincellsaprotein(p53(70)-mAGl-PB1)
conposed of MAGL and a PBl domain of a p62 protein fused
tothe N-term nus of apartial pepti de of an anal ysi starget
p53, and ( PB1- mMAGl- MDM2) conposed of a PB1 domai n of a p62
protein and mAGL fused to the N-term nus of an anal ysis
target MDM2 to anal yze whether or not it is possible to
determ ne a protein-protein interaction between p53(70)
and MDM2 on t he basis of a fluorescent focus. Note that,
inthefigure, "Nutlin-3(-)" showstheresult of observing
the cells before the addition of Nutlin-3, which is an
i nhi bitor against the protein-protein interaction.
"Nutlin-3 (+), 30mn" shows the result of observing the
cell s when 30 m nutes el apsed after the Nutlin-3 addition.
In the figure, the scale bars represent 20 um

[Fig. 19] Fig. 19 shows m crographs for illustratingthe
result of expressingincellsaprotein(p53(70)-PBl-mAGl)
composed of a PBl1 domain of a p62 protein and mAGlL fused
tothe C-term nus of apartial pepti de of ananal ysistarget
p53, and ( PB1- mMAGl- MDM2) conposed of a PB1 domai n of a p62

protein and mAGL fused to the N-term nus of an anal ysis
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target MDM2 to anal yze whether or not it is possible to
determ ne a protein-protein interaction between p53(70)
and MDM2 on t he basis of a fluorescent focus. Note that,
inthefigure, "Nutlin-3(-)" showstheresult of observing
the cells before the addition of Nutlin-3, which is an
I nhi bitor against the protein-protein interaction.
"Nutlin-3 (+), 30m n" shows the result of observing the
cell s when 30 m nutes el apsed after the Nutlin-3 addition.
In the figure, the scale bars represent 20 um

[ Fig. 20] Fig. 20 shows m crographs for illustratingthe
result of expressing in cells a protein (mIOR(FRB
domai n) - MAGL- PB1) conposed of mAGL and a PBl1 domai n of a
p62 protein fused to the C-term nus of an anal ysis target
FRB domain of a mIOR protein, and a protein
( PB1- MAGl- FKBP12) conposed of a PB1 donmai n of a p62 protein
and MGl fusedtotheN-term nusof ananal ysi starget FKBP12
to anal yze whether or not it is possible to determ ne a
protein-protein interaction between FKBP12 and mlrOR( FRB
domai n) on the basis of a fluorescent focus. Note that,
inthefigure, "Rapanmycin(-)" showstheresult of observing
the cells before the addition of rapamycin, which is an
I nducer for the protein-proteininteraction. "Rapanmycin
(+), 30m n" shows the result of observing the cells when
30 m nutes el apsed after the rapanycin addition. 1In the
figure, the scale bars represent 100 um

[Fig. 21] Fig. 21 shows phot ogr aphs obt ai ned by partially
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enl argi ngthe m crographs showninFig. 20. Inthefigure
the scale bars represent 20 pum

[ Fig. 22] Fig. 22 shows m crographs for illustratingthe
result of expressing in cells a protein (PBl-DGl-FKBP12
mut ant, i.e., PB1-DGl-FKBP12 (F36V)) conposed of a PB1
domai n of a p62 proteinandafluorescent protein DGl fused
tothe N-term nus of an anal ysi s target FKBP12 mut ant, and
t hen addi ngadrug B/ BHomodi neri zer tothecellstoanalyze
whet her or not it is possible to determ ne, on the basis
of a fluorescent focus, homodi mer formation of the FKBP12
mut ant attri butabletothedrugaddition. Thefigureshows
theresult of analyzingthecells beforethedrugaddition,
the cells 1 hour after the drug addition, thecells 2 hours
after the drug addition, and the cells 3 hours after the
drug addition, inthis order fromthe | eft. Moreover, in
the figure, the scale bars represent 20 um

[ Fig. 23] Fig. 23 shows m crographs for illustratingthe
result of expressingincellsaprotein(PBl-mCherry-FKBP12
mut ant, i.e., PB1-mCherry- FKBP12 ( F36V)) conposed of a PB1
domai n of a p62 protein and a fl uorescent protein nCherry
fusedtothe N-term nus of ananal ysi starget FKBP12 nut ant,
and t hen adding a drug B/ B Honodi neri zer to the cells to
anal yze whet her or not it is possibleto determ ne, onthe
basis of a fluorescent focus, honmodi mer formation of the
FKBP12 nutant attributable to the drug addition. The

figure shows the result of analyzing the cells before the
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drug addition, the cells 1 hour after the drug addition,
the cells 2 hours after the drug addition, and the cells
3 hours after the drug addition, in this order fromthe

left. Moreover, inthe figure, the scale bars represent

20 pm
[Fig. 24] Fig. 24 shows m crographs for illustratingthe
result of expressing in cells a protein

(Tankyrase- mMAGl- FKBP12 nut ant, Tankyr ase- mMAGl- FKBP12
(F36V)) composed of a SAMdomai n of a Tankyrase 1 protein
asanultimerizableproteinandmAGlL fusedtothe N-term nus
of an anal ysi s target FKBP12 nut ant, and t hen addi ng a dr ug
B/ B Honodi meri zer to the cells to anal yze whet her or not
it is possibleto determ ne, onthe basis of afluorescent
focus, homodi mer formation of the FKBP12 nutant
attri butable to the drug addition. The figure shows the
result of analyzingthe cells beforethe drug addition and
the cells 3 hours after the drug addition, in this order
fromthe left. Moreover, in the figure, the scale bar
represents 20 pm

[ Fig. 25] Fig. 25 shows m crographs for illustratingthe
result of expressingincellsaprotein(Tankyrase- mMAGl- p53,
PKCi - mMAGLl- p53, TEL- mAGl- p53, or DGKd- mAGl- p53) conposed
of a SAMdomai n of a Tankyrase 1 protein, a PB1 domai n of
a PKCi ota protein, a SAMdomai n of a TEL protein, or a SAM
domai n of a DGKdelta protein, asanultimerizabl e protein,

fused to the N-term nus of p53 to anal yze whet her or not
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it is possibletodeterm ne homomul ti mer formation of p53
on the basis of a fluorescent focus. In the figure, the
scal e bar represents 20 pm

[ Fig. 26] Fig. 26 shows m crographs for illustratingthe
result of expressing in cells a protein (ERK2- mMAGLl- PB1)
conposed of MAGL and a PB1l domain of a p62 protein fused
tothe C-term nus of ERK2, and t hen adding EGFtothe cells
to anal yze whet her or not it is possible to determ ne, on
the basis of a fluorescent focus, honodi mer formati on of
ERK2 attri butabletotheaddition. Notethat, inthefigure,
"before EGF addition"” shows the result of observing the
cells before the EGF addition. "EGF (50 ng/m ), 8 mn"
shows the result of observing the cells when 8 m nutes
el apsed after the EGF addition. 1Inthe figure, the scale
bars represent 20 um

[Fig. 27] Fig. 27 is a mcrograph for illustrating the
result of observing, 8 mnutes after EGF addition, cells
constitutively expressing a protein (ERK2-PBl-mAGl)
composed of a PBl1 domain of a p62 protein and mAGlL fused
tothe C-term nus of ERK2 to anal yze whet her or not it is
possi bl etodeterm ne, onthe basis of afl uorescent focus,
honmodi mer formati on of ERK2 attri butable to the addition.
In the figure, the scale bar represents 20 pm

[Fig. 28] Fig. 28 shows m crographs for illustratingthe
result of expressingincells a protein (PBl-mAGl- STAT3)

conposed of a PBl domain of a p62 protein and mAGL fused
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to the N-term nus of STAT3, and then adding IL-6 to the
cellstoanalyze whet her or not it i spossibletodeterm ne,
on the basis of a fluorescent focus, homodi mer formation
of STAT3 attri butable to the addition. Note that, inthe
figure, "before"” shows the result of observing the cells
beforethelL-6 addition. "IL6 (100 ng/m ), 50 m n" shows
the result of observing the cells when 50 m nutes el apsed
after the IL-6 addition. |In the figure, the scale bar
represents 20 pm

[Fig. 29] Fig. 29 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 on the basis of a fluorescent focus by transiently
expressing p53-PBl1 and PB1- MDM2, PB1-VMDM2 and PB1l, or
p53-PBland PBlincellsconstitutivelyexpressingafusion
protein (PBl- mAGl) conpri si ng a PB1 domai n of a p62 protein
and mMAGlL. Note that "p53-PBl" neans a protein conposed
of a PB1 domain of a p62 protein fused to the C-term nus
of a portion of a p53 protein. "PBl-MDWM" means a protein
conposed of a PBl domain of a p62 protein fused to the
N-term nus of MDM2. "PBl" neans a PBl1l domain of a p62
protein. Moreover, inthefigure, thescal ebarsrepresent
20 ym and arrows indicate detected fluorescent foci.

[Fig. 30] Fig. 30 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to

determne, on the basis of a fluorescent focus, a
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term nati onof theprotein-proteininteractionbetweenp53
and MDM2 by adding Nutlin-3 to the cells constitutively
expressing PBl-mAGL and further transiently expressing
p53(70)-PB1 and PB1-VMDM2. In the figure, the photograph
on the l eft shows the result of anal yzing the cells before
theNutlin-3addition, andthe photographontheright shows
the result of analyzing the cells after the Nutlin-3
addi tion. Moreover, in the figure, the scale bars
represent 10 pum

[Fig. 31] Fig. 31 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ neaprotein-proteininteracti onbetween FKBP12 and
MIOR( FRB domai n) on the basis of a fluorescent focus by
expressing in cells: a protein (PB1-nlfOR(FRB domai n) or
MIOR( FRB domai n) - PB1) conposed of a PBl domain of a p62
protein fused to the N-term nus or the C-term nus of
MIOR( FRB domai n); a protein (PBl-FKBP12 or FKBP12- PB1l)
conposed of a PBl domain of a p62 protein fused to the
N-term nus or the C-term nus of FKBP12; and mAGl fused to
the N-term nus of a PB1 domai n of a p62 protein (mMAGL- PB1),
in conmbinations of the following (A) to (D). Note that,
inthefigure, "beforerapamyci naddition” showstheresult
of observing the cells before the addition of rapanycin,
whi ch is an i nducer for the protein-proteininteraction.
"Rapanycin (500 nM, roomtenperature, 60 m n" shows the

result of observingthecells when 60 m nutes el apsed after
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the rapanycin addition. 1In the figure, the scale bar
represents 20 pm (A) PB1- mTOR(FRB domai n), PBl- FKBP12,
and MAGL- PB1; (B) PBl- mTOR(FRB domai n), FKBP12-PB1, and
mMAGL- PB1; (C) nTOR(FRB donmin)-PBl1, PB1l-FKBP12, and
MAGL- PB1; and (D) mTOR(FRB domai n)- PB1, FKBP12-PBl1l, and
mAGl- PB1.

[Fig. 32] Fig. 32 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne honodi mer formati on of CD80 on the basis of a
fluorescent focus after rapamycinfor induci ngthe binding
bet ween FKBP12 and a FRB donai n of a mlfOR pr ot ei n was added
to cells expressing: a protein (CD80-FRB) conposed of a
FRB domai n of a mITOR protein as an affinity tag fused to
the N-term nus of the analysis target CD80; and a protein
( PB1- mMAGl- FKBP12) conposed of FKBP12 as a bi ndi ng part ner
of the affinity tag, a PBl1 domain of a p62 protein as a
mul ti merizabl e protein, and mAGl as a fl uorescent protein
fused to each other. Inthe figure, the upper panel shows
the result of anal yzi ng the above-descri bed CD80, and t he
| ower panel shows the result of analyzing CD2 used as a
negative control thereof inplace of CD80. Inthefigure,
the scale bar represents 20 um

[ Fig. 33] Fig. 33 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determine trimer formation among p50, p65, and IkxBx on the

basi s of afluorescent focusincells expressing: aprotein
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(PB1- p50) conmposed of a PB1 domain of a p62 protein fused
to the N-term nus of the analysis target p50; a protein
(p65- PB1) conmposed of a PB1 domain of a p62 protein fused
tothe C-term nus of the anal ysis target p65; and a protein
(mKO2-IxBa) composed of mKO2 as a fluorescent protein fused
to the N-terminus of IkxBa. In the figure, the left panel
shows the result. The right panel shows the result of
anal yzing a negative control in which the p65-PB1 was not
expressed. Inthefigure, the scal e bars represent 20 um

[Fig. 34] Fig. 34 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determne trimer formati on anong Cyclin D1, p21, and CDK4
on the basis of a fluorescent focus in cells expressing:
a protein (mMAGL- Cyclin D1) conmposed of mAGl fused to the
N-term nus of the analysis target Cyclin D1; a protein
(p21- PB1) conmposed of a PB1 domain of a p62 protein fused
tothe C-term nus of the anal ysis target p21l; and a protein
(CDK4- PB1) conposed of a PB1 domai n of a p62 protein fused
to the C-term nus of the analysis target CDK4. 1In the
figure, theleft panel shows the result. The panel inthe
m ddl e shows the result of analyzing a negative control
i n which only PB1 was expressed in place of the CDK4- PB1.
The right panel shows the result of analyzing a negative
control in which CDK4 not fused to other proteins was
expressed in place of the CDK4-PB1. |In the figure, the

scal e bars represent 20 pm
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[ Fig. 35] Fig. 35 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne, on the Dbasis of a fluorescent focus,
het erotetramer formati onfromcal nodul i nandan ML3 pepti de
by addi ng hi stam ne, whichinducesthetetramer formation,
tocell sexpressing: aprotein(Cal umodul i n-mMAGl) conmposed
of MAGL fused to the C-term nus of the analysis target
cal modulin; and a protein (ML3pepti de-PBl) conposed of a
PB1 domai n of a p62 protein fusedtothe C-term nus of the
anal ysi starget ML3 peptide. Inthefigure, theleft panel
shows theresult of analyzingthecellsbeforethehistam ne
addition. The panel in the mddle shows the result of
analyzingthecell s60seconds after t he hi stam ne additi on.
The right panel shows the result of analyzing the cells
300 seconds after the histam ne addition. |Inthe figure,
the scale bar represents 20 um

[ Fig. 36] Fig. 36 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne, on the Dbasis of a fluorescent focus,
het erotetramer formati onfromcal nodul i nandan ML3 pepti de
by addi ng hi stam ne, whichinducesthetetramer formation,
tocell sexpressing: aprotein(Cal modul i n-mUkGl) conmposed
of mMUkGl as a fluorescent protein fused to the C-term nus
of the analysis target calmdulin; and the protein
(ML3pepti de-PBl) conmposed of a PB1 domai n of a p62 protein

fusedtothe C-term nus of the anal ysistarget ML3 pepti de.
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Inthe figure, theleft panel shows the result of anal yzi ng
the cells before the histam ne addition. The right panel
shows the result of analyzing the cells 60 seconds after
the histam ne addition. In the figure, the scale bar
represents 20 pm

[Fig. 37] Fig. 37 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
a protein (PKCi - mMAGl- p53) conposed of a PB1 domain of a
PKCi ota proteinas anultimerizabl e proteinand mAGl fused
to the N-term nus of p53; and a protein (DGKd- mAGLl- MDMVR)
composed of a SAM domain of a DGK delta protein as a
mul ti merizable protein and mAGL fused to the N-term nus
of MDM2. In the figure, the | eft panel shows the result
of analyzing the cells before the Nutlin-3 addition, and
the right panel shows the result of analyzing the cells
60 m nutes after the Nutlin-3 addition. |In the figure,
t he scal e bar represents 10 um(herei nafter, regardi ngthe
representations in the draw ngs, the same shall apply to
Figs. 38 to 45).

[Fig. 38] Fig. 38 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:

t he PKCi - mMAGl- p53; and a protein ( TEL- mMAGL1- MDM2) conposed
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of a SAMdomai n of a TEL proteinas amultimerizabl e protein
and mMAGl fused to the N-term nus of NDM.

[Fig. 39] Fig. 39 is shows m crographs for illustrating
the result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
a protein (Tankyrase- mMAGl- p53) conposed of a SAM domai n
of a Tankyrase 1 protein as a nultimerizable protein and
mMAGL fused to the N-term nus of p53; and a protein
( PKCi - MAG1- MDM2) conposed of a PBl domain of a PKCiota
protein as a nultimerizable protein and mAGl fused to t he
N-term nus of NDM2.

[ Fig. 40] Fig. 40 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
t he Tankyrase- mAGl- p53; and the DGKd- mAGl- MDM2.

[Fig. 41] Fig. 41 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
t he Tankyrase- mAGl- p53; and the TEL- mAGl- MDM2.

[Fig. 42] Fig. 42 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and

MDM2 ont he basi s of afl uorescent focusincell sexpressing:
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a protein (DGKd- mAGl- p53) conposed of a SAM donmai n of a
DGKdeltaproteinasamultimerizabl eproteinandmAGl fused
to the N-term nus of p53; and the PKCi - mMAGl- NDMV2.

[Fig. 43] Fig. 43 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
t he DGKd- mAGl- p53; and the TEL- mAGl- NDM2.

[Fig. 44] Fig. 44 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
a protein (TEL- mMAGL- p53) conmposed of a SAMdomai n of a TEL
protein as a nultimerizable protein and mAGlL fused to t he
N-term nus of p53; and a protein (Tankyrase- mAGl- MDM2)
conposed of a SAM domain of a Tankyrase 1 protein as a
mul timerizable protein and mAGL fused to the N-term nus
of NMDM2.

[ Fig. 45] Fig. 45 shows m crographs for illustratingthe
result of analyzing whether or not it is possible to
determ ne a protein-protein interaction between p53 and
MDM2 ont he basi s of afl uorescent focusincell sexpressing:
t he TEL- mAGl- p53; and the DGKd- mAGl- VNDM2.

[ Description of Enmbodi ment s]
Her ei nafter, the present i nventionwi || be descri bed

in detail based on preferred enbodinments thereof.
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Mor eover, as amatter of course, unl ess ot herwi se specifi ed,
those described in the following sections should be
construed i nthe same manner i n ot her secti ons and soforth
al so throughout the present invention.

<Met hod 1 for DetectingProtein-Proteinlnteraction>

A first embodi nent of a nmethod for determning a
protein-protein interaction of the present invention is
a met hod comprising the steps (1) to (3):

(1) expressing inacell or introducing into a cell

a first fusion protein conmprising a first
protein, a multimerizable protein, and a fluorescent
protein, and

a second fusion protein conprising a second
protein and a nultimerizable protein;

(2) detecting a fluorescent focus formed by an
associ ati onbetweenthefirst fusionproteinandthesecond
fusion protein in the cell; and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

According to the method, as described in Exanpl es
1 to 12 |ater, when the first fusion protein conprising
the first protein, the nmultimerizable protein, and the
fluorescent protein, and the second fusion protein
comprising the second protein and the nultimerizable

protein are expressedinacell or introducedinto acell,
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an interaction if any between the first protein and the
second protein induces nultimer formation between the
mul ti merizable protein and the other nmultimerizable
protein. Thereby, the fusion proteins autononously form
an assembly, and the fl uorescent protein containedinthe
fusionproteinisdetectedasafluorescent focus (seeFigs.
1 and 2).

In the present invention, the term"protein" means
a nolecule in which 2 or more am no acids are |inked by
a pepti de bond(s), and nodified products thereof. Thus,
the termis a concept including not only full-Ilength
proteins, but al so so-cal |l ed ol i gopepti des and
pol ypepti des. Exanples of themodificationof theprotein
i ncl ude phosphoryl ati on, glycosyl ati on, pal mtoyl ati on,
prenyl ation (for exampl e, ger anyl geranyl ati on),
met hyl ati on, acetyl ation, ubiquitination, SUMOyl ati on,
hydr oxyl ati on, and am dati on.

As the "first protein" and the "second protein”
according to the present invention, it is possible to use
desired proteins intended for detection of interaction.
Mor eover, the first protein may be different fromor the
sanme as the second protein. Nevertheless, as described
in Exanples 1 to 12 and Conparative Exanple 1 | ater, the
met hod of the present inventionis capable of efficiently
determ ning hononultimer formation and dissociation

(di sruption); accordingly, the method of the present
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inventionis nore useful whenthefirst proteinisthe same
as the second protein.

The "interaction between the first protein and the
secondprotein" accordingtothepresent i nventionincludes
not only direct interactions, but also indirect
interactions such as aninteraction for form ng a conpl ex
i n which anot her nmol ecul e (protein, nucleic acid, sugar,
i pid, |ow nolecul ar-wei ght conpound, or the like) is
i nterposed between the first protein and the second
protein.

The"mul timerizabl eprotein” accordingtothepresent
i nvention is not particularly Iimted, as |long as the
protein is capable of forming a multinmer. Nevertheless,
from the viewpoint of facilitating detection of a
fluorescent focus in the nethod of the present i nvention,
the proteinis preferably capable of formng a trimer or
a higher multimer. Exampl es of such a multimerizable
protein include a PB1 domain of p62, a PB1 domai n of TFG,
a PB1 domai n of PKCi ota, a SAMdomai n of TEL, a SAMdomai n
of DGKdel t a, and a SAMdomai n of Tankyrase-1. Anongt hese,
from the viewpoint of facilitating detection of a
fluorescent focus in the method of the present invention
to formhonotetramer to homooctamer, a PB1 domai n of p62
is nore preferable.

Not et hat, typically, aPBl1domainof p62, aPB1domain

of TFG, a PB1 domain of PKCiota, a SAM domain of TEL, a
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SAM domai n of DGK delta, and a SAM domai n of Tankyrase-1
are respectively a protein having the am no aci d sequence
speci fied under SEQID NO:. 2, a protein having the am no
aci d sequence speci fi ed under SEQI DNO: 4, a protei nhaving
the am no acid sequence specified under SEQID NO. 6, a
protein havingthe am no aci d sequence speci fi ed under SEQ
I DNO: 8, aproteinhavingthe am noaci dsequence specified
under SEQ I D NO: 10, and a protein having the am no acid
sequence specified under SEQ I D NO: 12.

The am no acid sequences of these "nmultimerizable
protei ns" may be mut at ed naturally (i.e.,
non-artificially). Mor eover, a mutation can also be
i ntroduced artificially. Such a mutant can al so be used
inthepresent invention, aslongasit hasanultimerization
ability and a nature of form ng an assenbly (fl uorescent
focus) when the fused first protein and second protein
i nteract with each other.

The "fluorescent protein" according to the present
i nvention should be a protein capable of emtting
fluorescence. Exanples thereof include monomeric Azam
Green 1 (mAGl), nmononeric Um kinoko-Green (mJkQG),
mononmeri ¢ Kusabira-Orange 2 (nmKO2), nononeri c Kei ma- Red
(nKei ma, nKei ma- Red), nonomeri ¢ M doriishi-Cyanl(mv Cy),
monomeri ¢ Kusabira-Orange 1 (nmKOl), monomeric Cherry
(mCherry), FusionRed, Dronpa—Greenl (DG1),

M doriishi-Cyanl (M Cyl), Kusabira-Cyanl (KCyl), dinmeric
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Azam - Green (AB) (dAG (AB)), Kusabira-Orange 1 (KO1),
di meri c Kei ma- Red (dKei ma, dKei ma-Red), and TGuv. 1In a
case where the fluorescent protein is a protein capable
of formngamnultimer, preferablearenonomericfl uorescent
proteins (such as mMAGL, mUkG, nKO2, nKei ma, mM Cy, nKOL,
mCherry, FusionRed, DGl), nmore preferable are mAGlL and
Fusi onRed, and furthernore preferable is mAGL, fromthe
vi ewpoint of facilitating formation of an assenbly
(fluorescent focus) regardl ess of theinteraction between
the first protein and the second protein when the
fluorescent protein is fused to the above-described
mul ti merizabl e protein.

Not et hat, typically, mAGL, mUkG, nKO2, nKei ma, mvi Cy,
nmKOl, M Cyl, KCyl, dAG (AB), KOl, dKei ma, TGuv, nCherry,
Fusi onRed, and DGl are respectively a protein having the
am no aci d sequence of SEQID NO: 14, a protein havingthe
am no aci d sequence of SEQID NO: 16, a protein havingthe
am no aci d sequence of SEQID NO: 18, a protein havingthe
am no aci d sequence specified under Genbank ACCESSI ON No:
AB209969, a protein having the am no acid sequence of SEQ
| DNO: 20, aproteinhavingtheam noacidsequencespecified
under Genbank ACCESSI ON No: AB128821, a protein havingthe
am no aci d sequence specified under Genbank ACCESSI ON No:
AB128822, a protein having the am no acid sequence of SEQ
| DNO: 22, a protein having the am no aci d sequence of SEQ

| DNO: 24, aproteinhavingtheam noacidsequencespecified
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under Genbank ACCESSI ON No: AB128820, a protein havingthe
am no aci d sequence speci fi ed under Genbank ACCESSI ON No:
AB209968, a protein having the am no aci d sequence of SEQ
| DNO: 26, aproteinhavingtheam noaci dsequencespecified
under GenBank ACCESSI ON No: AAV52164, a protein havingthe
am no aci d sequence of SEQID NO: 40, and a protein having
t he am no aci d sequence speci fied under GenBank ACCESSI ON
No: BAD72874.

The am no acid sequences of these fluorescent
proteinsmay benutatednaturally (i.e., non-artificially).
Mor eover, a mutation can al so be i ntroduced artificially.
Such a mutant can also be used in the present invention,
as long as it can emt fluorescence.

Al ternatively, a chem | um nescent protein such as
| uci ferases canal sobeusedinpl ace of theabove-descri bed
fluorescent protein in the present invention. A
fluorescent proteinemts an el ectromagneti c wave (Iight)
rel eased when el ectrons of t he protein having been excited
by el ectromagnetic wave radiation return to the ground
state (photolum nessence). Ontheother hand, i nthecase
of a chem | um nescent protein, an electromgnetic wave
(light) is emtted when electrons of a light emtting
substrateareexcitedthroughachem cal reactioncatal yzed
by t he protein. As described above, afluorescent protein
and a chem | um nescent protein are simlar to each ot her

inthe light emtting mechanisms in principle. Hence, a
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chem | um nescent protein is also usable in the present
I nventi on.

Such a chem | um nescent proteinis not particularly

limted. Exampl es thereof include |luciferases, and
preferabl e exampl es t her eof i ncl ude Promega
NanoLuc(regi stered trademarKk, Nl uc) | uci f erase

(manufactured by Promega Corporation) and Gaussia
| uci ferase (see Chem Sci., 2013, vol. 4, pp. 4395t 04400).

Moreover, in the present invention, it is also
possible to wuse, in place of +the above-described
fluorescent protein, afusionprotei nbetweenafl uorescent
protein and aluciferase in whichthe fluorescent protein
emts an electromagnetic wave (light) by utilizing an
energy of the chem cal reaction (Nano-Ilantern, see Nat
Commun., 2012, vol. 3, p. 1262).

Further, a protein capable of specifically binding
toafluorescent dye can beusedinplace of thefl uorescent
protein. This is because by expressing such a proteinin
a cell and then introducing the fluorescent dye into the
cell, the resultant can be used as a fl uorescent protein.
An exanpl e of such aproteincapabl eof specificallybinding
to a fluorescent dye includes Hal oTag (manufactured by
Promega Cor poration).

The "first fusion protein” according to the present
i nventionconprisesthefirst protein, themultimerizable

protein, and the fluorescent protein. As long as the
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formati on of an assenbly (fluorescent focus) with the
second fusion proteinis not inhibited, thefirst protein,
the multimerizable protein, and the fluorescent protein
may be fused in this order fromthe N-term nus side, or
inthefoll owingorders: thefirst protein, thefluorescent
protein, and t he mul timerizable pr ot ein; t he
mul ti merizable protein, the first protein, and the
fluorescent protein; the nultimerizable protein, the
fluorescent protein, andthefirst protein; thefl uorescent
protein, thefirst protein, andthemultimerizabl e protein;
and the fluorescent protein, the nulti merizabl e protein,
and the first protein

The "second fusi on protein"” accordingtothe present
i nvention conmprises the second protein and the
mul ti merizable protein. As long as the formation of an
assenmbly (fluorescent focus) withthefirst fusionprotein
i's not inhibited, the multi merizabl e protein nmay be fused
to either the N-term nus or the C-term nus of the second
protein. Moreover, fromthe viewpoint of facilitating
detectionof afluorescent focus, thesecondfusi onprotein
preferably further conprises a fluorescent protein (see
Fig. 2). Inaddition, thefluorescent proteinmy be fused
to one or both of the N-term nus and the C-term nus of the
fusion protein, or my be fused between t he second protein
and the multi merizabl e protein. The fluorescent protein

tobecontainedinthesecondfusionproteinisasdescribed
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above, and may be the sane as or different from the
fluorescent proteincontainedinthefirst fusi onprotein.
Neverthel ess, fromthe vi ewpoint of enabling tracing of
achangeinintracellular | ocalizationof eachof thefirst
protein and the second protein in accordance with when a
protein-proteininteractiontakes placeandterm nates and
so forth, the fluorescent protein contained in the first
fusion protein and the fluorescent protein contained in
t he second fusion protein are preferably different from
eachother. Further, theuseof suchdifferent fl uorescent
proteins, which enabl e separate spectrometries, makes it
possi bl e to measure amounts of the first protein and the
second protein expressed, too. Furthernore, since such
di fferent fl uorescent proteins exi st at hi gh
concentrations inside an assenbly (fluorescent focus) and
very cl osetoeachother, FRET or fl uorescencereabsorption
may occur. Then, insuchacase, without perform ngi magi ng
or the like, measuring the intensity of fluorescence
emtted fromthe fluorescent focus as aresult of the FRET
or fluorescencereabsorpti onmakesit possi bletodeterm ne
a protein-protein interaction (as to the fluorescence
reabsorption, see"Fluorescent i magi ngrevol ution (27th);
To understand FRET in distinction fromreabsorption” in
Cell Technol ogy, 25 (1), 67-69, 2006-01).

The proteins in the "first fusion protein” and the

"secondfusionprotein" my befusedtoeachother directly,
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or my be fusedindirectlyviaalinker or aspacer protein.
Additionally, as long as the formation of an assenbly
(fluorescent focus) is not inhibited, the "first fusion
protein"” and the "second fusion protein” may conprise
anot her functional protein. In this case, the other
functional protein may be fused to one or both of the
N-term nus and the C-term nus of each fusion protein, or
may be fuseddirectly or indirectly amongthefirst protein
or second protein, the multinmerizable protein, and
fluorescent protein. The other functional proteinis not
particularly Ilimted, and selected as appropriate
dependi ng on a function desirably provided to the fusion
proteins accordingtothe present i nvention. Exanples of
a functional protein used to facilitate purification of
the fusion protein include a Myc-tag protein, a His-tag
protein, ahemagglutin(HA)-tagprotein, aFLAG tagprotein
(registered trademark, Sigma-Aldrich Co.), and a

gl ut at hi one S-transferase (GST) protein.

The "cel | " according to the present inventionis not
particularly limted, and may be a eukaryotic cell, or may
be a prokaryotic cell. Exanples of the "cell” include an
ani ml cell (HEK293 cell, U20S cell, Hela cell, and the
l'i ke), an insect cell (Sf9 cell, and the like), a plant
cell, yeast, and Escherichia coli. Moreover, such cells

may be in a state of being culturedinvitro (for exanple,

cells grown in a mediumor on a medium), or in a state of
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bei ng present in vivo (for exanple, cells in atransgenic
animal in which a DNA encoding the first fusion protein
and a DNAencodi ngt he secondfusionproteinareintroduced).
Further, the fusion proteins and so forth accordingtothe
present i nventionarenormal | yintroducedintoor expressed
inthe same cell, but may be i ntroduced i nto or expressed
in different cells. Then, in such a case, it is also
possible to determne protein-protein interactions
bet ween di fferent cells such as an interacti on between a
cytokine and a receptor and an interaction between
receptors.

The expression of the fusion proteins in the cell
may be atransi ent expressionor aconstitutive expression,
dependi ng on t he purpose. The fusionproteinsinthecell
can be expressed by introducing into the cell a vector
accordingtothepresent i nvention, whichwi || bedescri bed
| ater. Exanpl es of known techni ques for introducing the
vector intothecell include, inthe case of anani mal cell,
a lipofection method, an electroporation nmethod, a
phosphate calcium method, a DEAE-dextran method, and
met hods utilizing a virus (adenovirus, lentivirus,

adeno-associ ated virus, or thelike) and a m croinjection

met hod. Moreover, in the case of an insect cell, the
exampl esincl udemet hods utilizingabacul ovirus. Further
in the case of a plant cell, the exanples include an

Agr obacterium method, an electroporation nmethod, a
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particle gun method, and the like. 1In addition, in the
case of yeasts, the exanples include a lithium acetate
met hod, anel ectroporationnethod, andaspher opl ast met hod.
Furthernore, inthe case of Escherichiacoli, the exanmpl es
i ncl ude a heat shock met hod (f or exanpl e, acal ci umchl ori de
met hod, a rubidiumchloride nmethod), an el ectroporation
met hod, and the I|ike.

Meanwhil e, in the present invention, those skilled
inthe art canintroduce the fusion proteinsintothecell

by sel ecti ng known t echni ques as appropri ateinaccordance

with the type of the cell. Exanples of known techni ques
for introducingtheproteinsintothecell includeamethod
using a reagent for introducing the proteins, an

el ectroporati on method, and a m croinjection nmethod.

A "fluorescent focus”" to be detected in the present
invention is formed by high-density | ocalization of the
fluorescent proteincontainedinanassenblyformedbetween
the fusion proteins and so forth as a result of a
protein-protein interaction according to the present
i nvention. Typically, in a two-di mensional observation
with a mcroscope, the "fluorescent focus" has a
fluorescence intensity, in a region whose size dianmeter
is0.2to5 um(0.03to 20 unf), higher than a fl uorescence
intensity of thefluorescent proteinpresent inadispersed
st at e.

The "detection of the fluorescent focus" can be
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carried out, for exanple, through observation using a
fl uorescencem croscopeincludinganexcitationfilter and
anabsorptionfilter correspondingtoafluorescent protein,
and anal ysis using an i magi ng cytonmeter such as IN Cell
Anal yzer (manufactured by GE Heal thcare). Moreover, a
fluorescent focus can be detected al so by processing the
obt ai nedi mage wi t hani mage anal ysi s program(for exanpl e,
anicy spot detecti on programto be descri bed bel ow). Note
that, in the detection of the fluorescent focus, those
skilledintheart cansel ect andset as appropriateafilter,
a detector, various parameters, and soforthinaccordance
with the characteristics of a fluorescent focus to be
detected (such as the wavel ength and the intensity of a
fluorescence emtted by the fluorescent focus), as well
as the device, the program and so on.

For exanple, as described in Exanple 2 later, in a
spot det ection anal ysi s program lcy.5.4.2 (see
J.-C.Oivo-Marin"Extractionof spotsinbiological i mages
usingnul tiscal eproducts” Patternrecognition, vol. 35-9,
pp. 1989t0 1996, 2002, http://icy. bi oi mgeanal ysis.com,
if a"fluorescence intensity val ue per unit cal cul at ed by
t he anal ysi s program " whichis detectablew th set val ues
of Spot Det ector plugi n(under conditions when all of Scal e
1, Scale 2, and Scale 3 are checked and all sensitivities
t hereof are set to 100), is at least 2.0 times or nore,

nmore preferably 2.5times or nore, furthernmore preferably
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5.0 times or more, and particularly preferably 10 times
or nore, as large as the background (for exanple, the
aforenmenti oned fluorescence intensity value in a cell
serving as a negative control), it can be determ ned t hat
a fluorescent focus is detected.

In the method of the present invention, if the
fluorescent focus is detected in the cell, it can be
determ ned that the first protein and the second protein
interact with each other; nmeanwhile, if the fluorescent
focus is not detected, it can be determ ned that the first
protein and the second protein do not interact with each
ot her .

Her ei nabove, one enmbodi ment of the method for
determ ning a protein-proteininteraction of the present
i nvention has been descri bed. However, the method for
determ ning a protein-proteininteraction of the present
inventionisnotlimtedtotheabove-descri bedenbodi ment.
For exanpl e, the present invention al so makes it possible
to determ ne a protein-proteininteraction by expressing
inacell orintroducingintoacell thefirst fusionprotein
and the second fusion protein separately, and then
reconstitutingthefusionproteinsinthecell. Tobenore
specific, the present i nventi on can al so enconpass second
to fifth embodi ments descri bed bel ow.

<Met hod 2 for DetectingProtein-Proteinlnteraction>

A second embodi ment of the method for determ ning
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a protein-proteininteraction of the present inventionis
a method for detecting an interaction between a first
protein and a second protein, the method conprising the
follow ng steps (1) to (3):
(1) expressing inacell or introducing into a cell

a third fusion protein conprising the first
protein and a nultimerizable protein,

a fourth fusion protein conprisingthe second
protein and a nultimerizable protein, and

a fifth fusion protein conpri si ng a
mul ti merizable protein and a fluorescent protein;

(2) detecting a fluorescent focus formed by an
associ ation ampong the third fusion protein, the fourth
fusion protein, and the fifth fusion proteininthe cell;
and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

According to the method, as described in Exanpl es
| ater 13 and 14, when the third fusion protein conmprising
the first protein and the nultinmerizable protein, the
fourth fusion protein conmprising the second protein and
the multimerizable protein, and the fifth fusion protein
conprisingthemultimerizable proteinandthefluorescent
protein are expressedinacell or introducedinto acell,

the multimerizable proteins associates with each ot her.
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Thereby, thethirdfusionproteinbindstothefifthfusion
proteinwhilethe fourth fusionproteinbindstothefifth
fusion pr ot ein, Yo) t hat pr ot ei ns respectively
corresponding to the first fusion protein and the second
fusion protein described above are expressed in the cell
(see Fig. 3). Moreover, as in the <case of the
above-descri bed method utilizingthefirst fusionprotein
andt he secondfusionprotein, aninteractionif any between
the first protein and the second protein induces nultimer
formati on between the nultimeri zabl e protein and anot her
mul ti merizabl e protein. Thereby, the fusion proteins
aut ononousl y f or man assenbly, andthe fl uorescent protein
containedinthefusionproteinisdetectedasafl uorescent
focus.

The "third fusion protein" according to the present
i nvention should conprise the first protein and the
mul ti meri zabl e protein, whilethe "fourthfusionprotein”
according to the present invention should conprise the
second protein and the nultimerizable protein. As |ong
as the formati on of an assenbly (fl uorescent focus) i s not
i nhi bited, the nmultimerizable protein may be fused to
either theN-term nusor theC-term nusof thefirst protein
or thesecondprotein. Moreover, theproteinsinthe”"third
fusionprotein" andthe"fourthfusionprotein" my befused
to each other directly, or may be fused indirectly via a

| i nker or a spacer protein.
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Further, as long as the formation of an assenmbly
(fluorescent focus) is not inhibited, each of the "third
fusion protein" and the "fourth fusion protein" my
compri se anot her functional protein. |In this case, the
ot her functional protein nmay be fused to one or both of
the N-term nus and the C-term nus of each fusion protein,
or may be fused directly or indirectly between the first
proteinor second proteinandthe multimerizabl e protein.
The ot her functional proteinis not particularly limted,
and selected as appropriate depending on a function
desirably providedtothe fusi on proteins accordingtothe
present invention as in the cases of the above-descri bed
first and second fusion proteins.

The "fifth fusion protein” according to the present
i nvention should conprise the multinmerizable protein and
the fluorescent protein. As long as the formati on of an
assembly (fluorescent focus) is not inhibited, the
mul ti merizable protein my be fused to either the
N-term nus or the C-term nus of the fluorescent protein.
Mor eover, the proteins may be fusedto eachother directly,
or my be fusedindirectlyviaalinker or aspacer protein.

Further, as long as the formation of an assenmbly
(fluorescent focus) is not inhibited, the "fifth fusion
protein" may conpri se anot her functi onal protein. Inthis
case, the other functional protein nmay be fused to one or

both of the N-term nus and the C-term nus of the fusion
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protein, or may be fused directly or indirectly between
the multimerizable protein and the fluorescent protein.
The ot her functional proteinis not particularly limted,
and selected as appropriate depending on a function
desirably provided to the fusion protein accordingtothe
present invention as in the cases of the above-descri bed
first and second fusion proteins.

<Met hod 3for DetectingProtein-Proteinlnteraction>

A third enmbodi ment of the nmethod for determ ning a
protein-protein interaction of the present invention is
a met hod conprising the followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

afirst | abel ed proteinconprisinganaffinity
tag and the first protein,

asecond | abel ed proteinconprisinganaffinity
tag and the second protein, and

a si xth fusion protein conmpri si ng a
mul ti merizable protein, a fluorescent protein, and a
bi ndi ng partner having an affinity for any of the affinity
tags and bound to the sixth fusion protein;

(2) detecting a fluorescent focus formed by an
associ ation among the first | abeled protein, the second
| abel ed protein, and the sixth fusion protein conmprising
t he binding partner bound thereto in the cell; and

(3) determning an interaction between the first

protein and the second protein accordingtothe detection
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of the fluorescent focus.

According to the met hod, as descri bed i n Exanpl e 15
| ater, when the first |abeled protein comprising the
affinity tag and the first protein, the second | abel ed
proteinconprisingtheaffinitytagandthe second protein,
and t he si xthfusionproteinconprisingthenmultimerizable
protein, the fluorescent protein, and the bi ndi ng partner
havi ng an affinity for any of the affinity tags and bound
to the sixth fusion protein are expressed in a cell or
introduced into a cell, each affinity tag binds to the
bi ndi ng partner. Thereby, thefirst | abel ed proteinbinds
tothesixthfusionproteinconmprisingthe binding partner
bound thereto while the second | abel ed protein binds to
the sixth fusion protein conmprising the binding partner
boundt hereto, sothat proteinsrespectivelycorrespondi ng
tothe first fusion protein and the second fusi on protein
shown in Figs. 1 and 2 are expressed in the cell (see Fig.
4). Moreover, asinthecase of the above-descri bed met hod
utilizing the first fusion protein and the second fusion
protein, an interaction if any between the first protein
and t he second proteininduces nultimer formati on bet ween
the multimerizable protein and another nultimerizable
protein. Thereby, the fusion proteins autonomously form
an assembly, and the fl uorescent protein containedinthe
fusion protein is detected as a fluorescent focus.

The "affinity tag" and the "binding partner”
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according to the present invention are not particularly
limted, as | ong as the two have such arelation that they
can bind to each other in a cell, and the two conpounds
are capabl e of binding to the proteins. For exanple, it
i's possible to use combinations of proteins known to
i nteract. As such combi nati ons, FKBP12 and a FRB domai n
of a mIfOR protein and ot her conbi nati ons are suitably used
as descri bedin Exanples later. 1Inaddition, phytochronme
B (PHYB) and phytochrome-interacting factor (PIF),
cryptochrome 2 (CRY2) and cryptochronme-interacting bHLH1
(CIB1), LOV and ePDZ, Dronpal45K-CAAX and mNeptune, and
ot hers which interact with each other dependi ng on | i ght
irradiation can al so be suitably used (as to conbi nati ons
of proteins which interact with each other dependi ng on
l'ight irradiation, see Nat Rev Mol Cell Biol., 2014, vol.
15, no. 8, pp. 551 to 558). Further, it is also possible
to suitably use subunits constituting enzymes such as
dihydrofolate reductase, pf-galactosidase, (-lactamase,
fireflyluciferase, and Gaussi al uciferase. Moreover, as
the "affinity tag" and the "bi ndi ng partner"” accordingto
t he present invention, it is also possibleto utilize not
only known protein-proteininteractionsasdescribedabove,
but also to utilize, for exanmple, biotin and avidin, a
| ectin and a sugar, Protein A( or G and an i munogl obul i n
constant region, an antigen and an anti body, and other

sim | ar conmbi nati ons.
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The affinity tag may bind to the binding partner
aut ononously as in antigen-antibody reactions, or the
bi ndi ng may be induced in response to a stimulus. The
stimulus for inducing the binding is not particularly
limted. Exanmples thereof include | ow nolecul ar-wei ght
conmpounds such as rapamycin which induces the binding
bet ween FKBP12 and a FRB domai n of a mTOR pr ot ei n, and | i ght
i rradi ati on whi ch can i nduce t he bi ndi ng bet ween PHYB and
PIF, and so on. 1In addition, in the case of using the
affinity tag and the binding partner whose binding is
i nduced by such a stimulus, it is necessary to apply the
stimulus to the cell inthe step (1) or between the steps
(1) and (2).

Inthe"first | abel edprotein” andthe"secondl abel ed
protein" according to the present invention, the first
protein and t he second protein should be | abeled with the
affinity tags, respectively. As long as the formati on of
an assenmbly (fluorescent focus) is not inhibited, the
affinity tag may be bound to any of the N-term nus, the
C-term nus, and a region at a m ddl e portion of the first
protein or the second protein.

The "sixth fusion protein" according to the present
i nvention shoul d conprisethemultimerizableprotein, the
fluorescent protein, and the bi nding partner bound to the
sixth fusion protein. As long as the formation of an

assenmbly (fluorescent focus) i s not i nhi bited, the binding
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partner may be boundtoany of theN-term nus, theC-term nus
andaregionat am ddl eportionof thesixthfusionprotein.
Mor eover, the proteins in the "sixth fusion protein" may
be fused to each other directly, or my be fusedindirectly
via a |linker or a spacer protein.

The "binding" of the affinity tag or the binding
partner to the correspondi ng proteinis not particularly
limted. The binding may be acconplished at a gene | evel,
or may be chem cal bondi ng. The binding at a gene | evel
is so-called "fusion" as described in Exanmpl es above or
| ater, and acconplished by adding or inserting a DNA
encodingtheaffinity tag or the bindi ng partner toor into
a DNA encoding the first protein, the second protein, or
the sixth fusion protein, in accordance with the readi ng
frame. Meanwhile, the chem cal bondi ng may be coval ent
bondi ng or may be non-coval ent bonding. The "coval ent
bondi ng" is not particularly limted. Exanples thereof
i ncl ude an am de bond bet ween an am no group and a car boxyl
group, an al kyl am ne bond between an am no group and an
al kyl halide group, a disulfide bond between thiols, and
athioester bond betweenathiol groupandamal ei mdegroup
or an al kyl halide group.

Further, all of thefirst | abel ed protein, the second
| abel ed protein, andthe sixth fusion proteinnmy conprise
anot her functional protein, as long as the formati on of

an assembly (fluorescent focus) isnot inhibited. Inthis
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case, the other functional protein nmay be fused to one or
bot h of the N-term nus and t he C-term nus of each protein,
or may be fused directly or indirectly between the
constituent proteins (for example, the multimerizable
protein and the fluorescent protein). The ot her
functional protein is not particularly limted, and
sel ect ed as appropri ate dependi ng on a functi on desirably
provided to the fusion protein according to the present
inventionasinthe cases of the above-described first and
second fusion proteins.
<Met hod 4 for DetectingProtein-Proteinlnteraction>
A fourth embodi ment of the method for determ ning
a protein-proteininteraction of the present inventionis
a met hod conprising the following steps (1) to (3):
(1) expressing inacell or introducing into a cell
a seventh fusion protein comprising the first
protein and a first partial peptide constituting a
fluorescent protein,
an ei ghth fusion protein conprisingthe second
protein and a first partial peptide constituting a
fluorescent protein, and
a ni nth fusion protein conpri si ng a
mul ti meri zabl eprotei nandasecondpartial pepti decapabl e
of reconstituting any of the fluorescent proteins by
binding to the first partial peptide;

(2) detecting a fluorescent focus formed by an
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associ ati on anong t he sevent h fusion protein, the eighth
fusion protein, and the ninth fusion proteininthe cell;
and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

According to the method, when the seventh fusion
proteinconmprisingthefirst proteinandthefirst parti al
pepti de constituting a fluorescent protein, the eighth
fusionproteinconmprisingthe second proteinandthefirst
parti al peptide constituting a fluorescent protein, and
the ninth fusion protein conprising the nmultimerizable
protein and the second partial peptide capable of
reconstituting any of the fluorescent proteins by binding
to the first partial peptide are expressed in a cell or
introduced into a cell, the fluorescent proteins are
expressedinthe cell by thereconstitution. Eventually,
proteins respectively corresponding to the first fusion
protein and the second fusi on protein showninFigs. 1 and
2 are expressed in the cell (see Fig. 5). Moreover, as
in the case of the above-descri bed method utilizing the
first fusion protein and the second fusion protein, an
interactionif any betweenthefirst proteinandthe second
protein I nduces mul ti mer formati on bet ween t he
mul ti meri zabl e protei nand anot her mul ti meri zabl e prot ein.

Ther eby, thefusi onproteinsautonomuslyformanassenbly,
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and the fluorescent proteins contained in the fusion
proteins are detected as fluorescent foci.

The "first partial peptide” and the "second parti al
pepti de" according to the present invention should be
capabl e of reconstituting a fluorescent proteininacell
as these peptides are linked to each other. Note that,
in the present invention, "reconstitution"” and related
terms mean that nmul ti ple partial peptides arereturnedto
a state where a protein the partial peptides having
originally constituted can function (for exanple, inthe
case of a fluorescent protein, astate where fluorescence
can be emtted; in a case of a nultimerizable protein, a
statewhereanmultimer canbefornmed) by linkingtheparti al
pepti des as descri bed above.

Additionally, those skilled in the art can design
and prepare the partial peptides capable of such
reconstitution as appropriate with reference to the
descriptions of, for exanple, Cabantous S et al., Nature
Bi ot echnol ogy, 2005, vol. 23, pp. 102 to 107 and so forth.

Not e that, as described in Cabantous S et al., Sci
Rep., October 2013, 4; 3: 2854 and so forth, it has been
reveal edt hat even when afl uorescent proteinissplitinto
three or nore parts, the fluorescent protein can be
reconstituted. Thus, the first partial peptide and the
second partial peptide may be sel ected fromsuch t hree or

nmore fragments. Further, in this case, the fragment(s)
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not used as the first and second partial peptides needto
be expressed in the cell or introduced into the cell in
the step (1) or between the steps (1) and (2).

In addition, the first partial peptide may be fused
to either the N-term nus or the C-term nus of the first
or second protein, while the second partial peptide may
be fused to either the N-term nus or the C-term nus of the
mul ti merizable protein. Further, the proteins in all of
t he sevent h fusi on protein, the eighth fusionprotein, and
theninthfusionproteinmybefusedtoeachother directly,
or my be fusedindirectlyviaalinker or aspacer protein.

Furt hernore, all of the seventh fusion protein, the
ei ghth fusion protein, and the ninth fusion protein my
compri se another functional protein, as long as the
formati on of an assenbly (fluorescent focus) is not
inhibited. Inthiscase, theother functional proteinnmy
be fused t o one or bot h of the N-term nus andthe C-term nus
of each fusion protein, or may be fused directly or
indirectly betweenthe constituent proteins (for exanpl e,
bet ween the first partial peptide and the first or second
protein, between the second partial peptide and the
mul ti merizabl e protein). The other functional proteinis
not particularly limted, and selected as appropriate
dependi ng on a function desirably provided to the fusion
proteins accordingtothe present inventionasinthecases

of the above-described first and second fusi on proteins.
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<Met hod 5for DetectingProtein-Proteinlnteraction>

A fifth enbodi ment of the method for determ ning a
protein-protein interaction of the present invention is
a met hod conprising the following steps (1) to (3):

(1) expressing inacell or introducing into a cell

a tenth fusion protein conprising the first
protein and a third partial peptide constituting a
mul ti merizabl e protein,

an eleventh fusion protein conprising the
second protein and a third partial peptide constituting
a multimerizable protein, and

a twelfth fusion protein conprising a
fluorescent protein and a fourth partial peptide capable
of reconstituting any of the nmultimerizable proteins by
binding to the third partial peptide;

(2) detecting a fluorescent focus formed by an
associ ati on anong the tenth fusion protein, the eleventh
fusionprotein, andthetwelfthfusionproteininthecell;
and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

Accordingtothemethod, whenthetenthfusionprotein
comprisingthefirst proteinandthethird partial peptide
constitutinganultimerizableprotein, theeleventhfusion

proteincomprisingthesecondproteinandthethirdparti al
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peptide constituting a multimerizable protein, and the
twel fth fusionproteinconprisingthefluorescent protein
and the fourth partial peptide capabl e of reconstituting
any of the multimerizabl e proteins by bindingtothethird
parti al peptide are expressedinacell or introducedinto
acell, the nmultimerizable proteins are expressed in the
cell by +the reconstitution. Eventual | y, proteins
respectivelycorrespondingtothefirst fusionproteinand
thesecondfusionproteinshowninFigs. 1and2areexpressed
inthe cell (see Fig. 6). Moreover, as inthe case of the
above-descri bed method utilizingthefirst fusionprotein
andt hesecondfusionprotein, aninteractionif any between
the first protein and the second protein induces nultimer
formati on between the nultimeri zabl e protein and anot her
mul ti merizabl e proteinthus reconstituted. Thereby, the
fusion proteins autononously form an assenbly, and the
fluorescent protein contained in the fusion protein is
detected as a fluorescent focus.

The "third partial peptide” and the "fourth parti al
pepti de" according to the present invention should be
capabl e of reconstituting a multimerizable proteinin a
cell as these peptides are linked to each other. Those
skilled in the art can design and prepare the parti al
pepti des as appropri ate as descri bed above with reference
to the descriptions of Chashi K et al., Biotechniques.,

2012, vol. 52, no. 1, pp. 45 to 50 and so forth.
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In addition, the third partial pepti de may be fused
to either the N-term nus or the C-term nus of the first
or second protein, while the fourth partial peptide may
be fused to either the N-term nus or the C-term nus of the
mul ti meri zabl e protein. Moreover, the proteinsinall of
thetenth fusi onprotein, theeleventh fusionprotein, and
the twelfth fusion protein may be fused to each other
directly, or mmy befusedindirectlyviaalinker or aspacer
pr ot ein.

Further, all of thetenthfusionprotein, theeleventh
fusionprotein, andthetwel fthfusionproteinmay conmprise
anot her functional protein, as long as the formati on of
an assembly (fl uorescent focus) isnot inhibited. Inthis
case, the other functional protein may be fused to one or
both of the N-term nus and the C-term nus of each fusion
protein, or may be fused directly or indirectly between
t he constituent proteins (for example, between the third
parti al peptide and the first or second protein, between
the fourth partial peptide and the fluorescent protein).
The ot her functional proteinis not particularly limted,
and selected as appropriate depending on a function
desirably providedtothe fusi on proteins accordingtothe
present invention as in the cases of the above-descri bed
first and second fusion proteins.

Her ei nabove, the description has been given of the

second to fifth enmbodi ments of the met hod for determ ning
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a protein-protein interaction of the present invention.
In these met hods, since the first fusion protein and the
second fusion proteinareexpressedinacell or introduced
into a cell separately, this allows a reduction in the
nol ecul ar wei ght of tags such as the proteins fusedtothe
first or second proteinto be analyzed. Therefore, inthe
determ nati onandtheli keof aprotein-proteininteraction,
the functions of proteins to be anal yzed, change in the
| ocalization, and so forth are hardly affected.

Additionally, proteins to be analyzed can be kept
inacell while beingfusedto atag having al ownol ecul ar
wei ght in this manner. This makes it possible to set a
statewhereaprotein-proteininteractioncanbedeterm ned
at any timng by constructing a systemin which the fusion
protein(s) according to the present invention are
reconstitutedinresponsetoastimlussuchastheaddition
of a compound, |light irradi ation, or thelike, as descri bed
above.

Mor eover, preparingcellsconstitutively expressing
a fusion protein(s) comprising a fluorescent protein in
advance reduces the influence of a variation in the
fluorescent signal amongthecells, evenif fusi onproteins
comprising proteins to be analyzed are transiently
expressed in these cells. This makes it al so possible to
nore stably determ ne a protein-protein interaction.

<Met hod 6 f or Det ectingProtein-Proteinlnteraction>
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For a case where anal ysis targets are three or nmore
proteins, the present invention can also apply the
above-described first embodiment to provide a nethod
comprising the following steps (1) to (3) as a sixth
embodi ment of the met hod f or determ ni ng a protei n-protein
I nteraction:

(1) expressing inacell or introducing into a cell

a thirteenth fusion protein conprising the
first protein and a nmultimerizable protein,

a fourteenth fusion protein conprising the
second protein and a nmultimerizable protein, and

afifteenthfusionproteinconmprisingthethird
protein and a fluorescent protein;

(2) detecting a fluorescent focus formed by an
associ ation among the thirteenth fusion protein, the
fourteenthfusionprotein, andthefifteenthfusi onprotein
in the cell; and

(3) determning an interaction among the first
protein, the second protein, and the third protein
according to the detection of the fluorescent focus.

According to the method, as described in Exanpl es
16 to 18 later, when the thirteenth fusion protein
comprisingthefirst proteinandthemulti merizabl eprotein,
thefourteenthfusionproteinconmprisingthesecondprotein
and the mul timerizabl e protein, and the fifteenth fusion

protein conmprising the third protein and the fluorescent

79



10

15

20

25

protein are expressedinacell or introducedinto acell,
an interactionif any anong the first protein, the second
protein, and the third proteininduces nultimer formation
bet ween t he mul ti merizabl e protein and anot her
mul ti merizabl eprotein, asinthecases of thesystens shown
in Fig. 1 and so forth. Thereby, the fusion proteins
aut ononously f orman assenbly, andthe fl uorescent protein
containedinthefusionproteinisdetectedasafl uorescent
focus (see Fig. 7).

As the "third protein" according to the present
invention, it is possibletouse desiredproteinsintended
for detection of interaction as in the cases of the
above-descri bed first and second proteins. Moreover, the
first protein, the second protein, and the third protein
may be different fromeach other. Alternatively, two of
them may be the same, or all the three may be the sane.

The "interactionamngthe first protein, the second
protein, and the third protein" according to the present
i nventionincludes not only direct interactions, but al so
i ndi rect interactions such as an interaction for form ng
acompl ex i nwhi ch anot her nol ecul e (protein, nucl ei c acid,
sugar, lipid, | ow-nol ecul ar-wei ght conmpound, or thelike)
is interposed anong the proteins.

The "thirteenth fusion protein" according to the
present i nventi on shoul d be a proteinconprisingthefirst

protein and the multimerizable protein. Moreover, the
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"fourteenth fusionprotein” shouldbeaproteinconmprising
thesecondproteinandthenul timerizableprotein. Ineach
of these fusion proteins, the nulti merizabl e protein may
be fused to either the N-term nus or the C-term nus of the
first or second protein, as long as the formation of an
assembly (fluorescent focus) is not inhibited. I n
addition, the proteins may be fusedto each other directly,
or my be fusedindirectlyviaalinker or aspacer protein.

The "fifteenth fusion protein” according to the
present i nventi on shoul d be a proteinconprisingthethird
protein and the fluorescent protein. As long as the
formation of an assenbly (fluorescent focus) is not
i nhi bited, the fluorescent protein may be fused to either
the N-term nus or the C-termnus of the third protein.
Mor eover, the proteins may be fusedto each ot her directly,
or my be fusedindirectlyviaalinker or aspacer protein.

<Met hod 7 for DetectingProtein-Proteinlnteraction>

The present i nvention can al so providethe foll ow ng
met hod as a seventh enbodiment for determning a
protein-protein interaction.

A met hod for determ ning an interaction between a
first protein and a second protein, wherein

afirst multimerizableproteinisadifferent protein
froma second multimerizable protein, and

t he met hod conprises the foll owi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell
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asixteenthfusionproteinconmprisingthefirst
protein, the first multimerizable protein, and a
fluorescent protein, and

a seventeenth fusion protein conprising the
second protein and the second multimerizabl e protein;

(2) detecting a fluorescent focus formed by an
associ ati on between t he si xteenth fusion protein and the
seventeenth fusion protein in the cell; and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

The "si xteenth fusion protein” and the "seventeenth
fusion protein" according to the present invention are
proteinsrespectivelysimlartotheabove-describedfirst
fusion protein and second fusion protein, except that the
mul timerizableproteins (thefirst multimerizableprotein
and the second nultinmerizable protein) are different.
Not e that the fusion proteins are the same regarding the
first protein and the second protein, too, so that these
proteins may be different fromeach other, or may be the
sanme. As described in Exanples l|ater, the seventh
enmbodi ment for determ ning a protein-proteininteraction
of the present invention is nmore useful when the first
protein is different fromthe second protein.

Her ei nabove, preferred enbodi ments for determ ning

a protein-protein interaction have been described.
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Additionally, the present inventioncanalsoutilizethese
met hods to provide met hods described bel ow.

<Met hod for Obtaining Tenporal Information and the
| i ke on Protein-Protein Interaction>

As descri bed in Exanpl es such as Exanples 2 and 11
tol3later, the method of the present i nventionis capable
of determ ning not only a protein-protein interaction
t aki ng pl ace, but al soaprotein-proteininteracti onendi ng
on the basis of the present or absence of a fluorescent
focus. Moreover, it is also possibletotrace occurrence
or thelikeof suchaprotein-proteininteractionover time.
Further, the present invention is also capable of
determ ning a protein-protein interaction in any region
in a cell without being influenced by |localization of a
mul ti merizabl e protein and a fluorescent protein, and so
forth.

Thus, the present invention can provide a nethod,
wherein a fluorescent focus is detected to determ ne a
protein-protein interaction taking place or ending, a
period until the interaction takes place or ends, or a
duration of the interaction.

In determning the "protein-protein interaction
t aki ng pl ace or ending” inthe manner descri bed above, the
present invention is also capable of specifying an
intracel | ul ar regi on wher e t he protein-protein

interaction takes place. Additionally, accordingto the
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present invention, determning the "protein-protein
I nteraction taking place or ending" makes it possible to
determ ne a signal transduction occurring and endi ng, in
whi chtheprotein-proteininteractionisinvolved, aperiod
until thesignal transducti onoccurs or ends, andaduration
of the signal transduction, and also to specify an
intracellul ar regi onwherethesignal transducti onoccurs.
Mor eover, the present inventionis capabl e of determ ning
the interacti on between the first protein and the second
protein (or the interaction anong the first protein, the
second protein, and the third protein) even if the
interactiontakes pl ace or endsinresponsetoaparticular
stimulus. Thus, the present invention can al so provide
a met hod for detecting the fluorescent focus accordingto
t he present invention, wherein the fluorescent focus is
detected to determ ne the protein-protein interaction
t aki ng pl aceor endi nginresponsetoaparticul ar stimul us,
a period until the interaction takes place or ends, or a
duration of the interaction.

It is only necessary that the "particul ar sti nmul us”
according to the present invention be a stimulus capable
of directly or indirectly inducing or inhibiting a
protein-protein interaction. Moreover, the "particular
stimulus" may be a stinmulus attri butable to an endogenous
factor producedinacell (for exanpl e, i ncrease or decr ease

inintracell ul ar cal ci umi on concentrati on, activati on or
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i nactivation of an enzyme), or may be a sti nmul us applied
to acell fromthe outside (for exanple, adm nistration
of aligand (agoni st or antagoni st) toareceptorinacell).

Further, the net hod of the present inventionis also
capabl e of determ ning a particular stimulation starting
or ending, aperioduntil the stimulation starts or ends,
or adurationof thestimulation, bydetectingafluorescent
focus.

Furt hernore, the met hod of the present inventionis
al so capabl e of determ ning an i ncrease or decrease of a
protein-protein interaction in accordance with a degree
of the particular stimulus (for exanmple, in a case where
the particular stimulus is a drug, its concentration).
Thus, inthe case where the particular stinmulus is adrug,
the 50% effective concentration (EC50) and the 50%
i nhibitory concentration (1C50) of the drug against a
protein-protein interaction can be determ ned by the
present invention.

I n addition, the method of the present inventionis
capabl e of determning, in asingle cell, nultiple types
of protein-protein interactions, multiple types of
protein-protein interactions dependent respectively on
particular stimuli, and eventually a signal transduction
inwhichthese protein-proteininteractions areinvol ved.

<Screening Method for Protein Interacting with

Parti cul ar Protein>
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The present i nventi on makes it possi bl eto determ ne
any protein-protein interaction. Thus, the present
i nvention can provi de a net hod for screening for a protein
interacting with a particul ar protein, wherein one of the
first protein and the second protein is the particular
protein, while the other is atest protein, and a protein
interacting with the particular protein is selected
according to the detection of the fluorescent focus
according to the present invention. Moreover, for a case
of targeting aninteraction anong three or nore proteins,
t he present invention can provide a method for screening
foraproteininteractingw thparticul ar proteins, wherein
two proteins of the first to third proteins are the
particul ar proteins, while the remaining one is a test
protein, and a protein interacting with the particul ar
proteins is selected according to the detection of the
fluorescent focus according to the present invention.

The "t est protein” accordingtothe present i nvention
is not particularly limted. Protein groups encoded by
CDNAl i braries can be suitablyusedfromthe vi ewpoi nt t hat
it is possible to conprehensively and efficiently sel ect
proteins interacting with particul ar proteins.

<Met hod for Identifying Am no Aci d Resi due I nvol ved
in Protein-Protein Interaction>

As described in Exanples such as Example 2 | ater,

the present invention is also capable of quantitatively

86



10

15

20

25

analyzing a strength of a protein-protein interaction by
utilizingafluorescenceintensityof afluorescent focus

Thus, the present invention can provide a nmethod for
i dentifying any one of an amno acid residue inthe first
protein and an am no acid residue in the second protein
(or amno acid residues inthe first to third proteins),
whi ch are involved in the protein-protein interaction,
wherein in a case where a protein in which a nutation is
i ntroduced i s used as any one of the first protein and the
second protein (or anutationis introduced in any one of
the first to third proteins), if an intensity of the
fluorescent focus is reduced in conparison with a case of
using a protein in which no mutation is introduced, the
am no acid residue in which the nutationis introducedis
determ ned to be involved in the interaction.

The"fl uorescenceintensityof thefluorescent focus"”
according to the present invention includes not only a
fluorescence intensity of asinglefluorescent focus, but
also a total fluorescence intensity of fluorescent foc
present in acertainregion (for exanple, in one cell, in
one field of viewand in one fluorescence i mage observed
with a fluorescence m croscope).

Those skilled in the art can prepare the "protein
obt ai ned by i ntroducing anutationintothe first protein
andthelike" by sel ectingknowntechni ques as appropri ate

An exanmpl e of such known t echni ques i ncl udes site-directed
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mut agenesi s.

<Scr eeni ng Met hodf or Subst ance Capabl e of Modul ati ng
Protein-Protein Interaction>

As descri bed above, in the method of the present
i nvention, astrengthof aprotein-proteininteractioncan
be grasped on the basis of the fluorescence intensity of
the fluorescent focus. Thus, the present invention can
provi de a method comprising the steps of:

expressing in a cell or introducing into a cell a
first fusionproteinandasecondfusionproteininpresence
of a test conpound;

detecting a fluorescent focus formed by an
associ ati onbetweenthefirst fusionproteinandthe second
fusion protein in the cell; and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
i's higher than an intensity of a fluorescent focus forned
in absence of the test conmpound, or selecting the test
compound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus forned in the absence
of the test conpound.

The test compound used in the screeni ng met hod of
the present invention is not particularly limted.
Exanpl es t her eof i ncl ude an expressi on product froma gene

l'i brary, a synthetic |ow- nolecul ar-wei ght compound
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l'i brary, a peptide library, an antibody, a substance
rel eased by a bacterium a liquid extract and a culture
super nat ant of cells (m croorgani sns, plant cells, ani mal
cells), apurifiedor partially purified polypepti de, an
extract derived froma mari ne organi sm plant, or ani mal,
soil, and a random phage peptide display library.

Mor eover, exanpl es of astateof beinginthepresence
of thetest compoundi ncludeastatewherethecell accordi ng
tothepresent inventionisincontact withthetest compound
by addition or the |li ke of the test compound to a medi um
and a state where the test compound is introduced in the
cell according to the present invention.

Note that, the screening method of the present
Inventionisnotlimtedtotheabove-descri bedenbodi ment,
as long as the nmethod is based on the intensity of the
fluorescent focus. Thus, the method can al so enconpass
embodi ments descri bed bel ow as ot her embodi nents.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
third fusionprotein, afourth fusionprotein, andafifth
fusion protein in presence of a test conpound;

detecting a fluorescent focus formed by an
associ ation among the third fusion protein, the fourth
fusion protein, and the fifth fusion proteininthe cell;
and

sel ecting the test compound as a substance i nduci ng
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the interaction if an intensity of the fluorescent focus
I s higher than an intensity of a fluorescent focus formed
in absence of the test conpound, or selecting the test
conmpound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus fornmed in the absence
of the test conpound.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
first | abel ed protein, asecondl| abel edprotein, andasi xth
fusion proteinconprising abinding partner bound thereto
in presence of a test conpound,

detecting a fluorescent focus formed by an
associ ation among the first | abeled protein, the second
| abel ed protein, and the sixth fusion protein conmprising
t he binding partner bound thereto in the cell; and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
i's higher than an intensity of a fluorescent focus forned
in absence of the test conmpound, or selecting the test
compound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |lower than the
intensity of the fluorescent focus fornmed in the absence
of the test conpound.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
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seventh fusion protein, an eighth fusion protein, and a
ninth fusion protein in presence of a test conmpound;

detecting a fluorescent focus formed by an
associ ati on anong t he seventh fusion protein, the eighth
fusion protein, and the ninth fusion proteininthecell;
and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
i's higher than an intensity of a fluorescent focus fornmed
in absence of the test conmpound, or selecting the test
compound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus forned in the absence
of the test conpound.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
tenth fusion protein, an eleventh fusion protein, and a
twelfth fusion protein in presence of a test compound;

detecting a fluorescent focus formed by an
associ ati on anong the tenth fusion protein, the eleventh
fusionprotein, andthetwelfthfusionproteininthecell;
and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
i's higher than an intensity of a fluorescent focus fornmed

in absence of the test conmpound, or selecting the test
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compound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus forned in the absence
of the test conpound.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
thirteenth fusion protein, a fourteenth fusion protein,
and a fifteenth fusion protein in presence of a test
compound;

detecting a fluorescent focus formed by an
associ ation among the thirteenth fusion protein, the
fourteenthfusionprotein, andthefifteenthfusi onprotein
in the cell; and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
I's higher than an intensity of a fluorescent focus fornmed
in absence of the test conpound, or selecting the test
conpound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus fornmed in the absence
of the test conpound.

A met hod conprising the steps of:

expressing in a cell or introducing into a cell a
si xteenth fusion proteinand a seventeenth fusi on protein
in presence of a test conpound,

detecting a fluorescent focus formed by an
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associ ati on between t he si xteenth fusion protein and the
seventeenth fusion protein in the cell; and

sel ecting the test compound as a substance i nduci ng
the interaction if an intensity of the fluorescent focus
i's higher than an intensity of a fluorescent focus forned
in absence of the test conmpound, or selecting the test
compound as a substance suppressingtheinteractionif the
intensity of the fluorescent focus is |ower than the
intensity of the fluorescent focus forned in the absence
of the test conpound.

<Kit for Use in Methods of the present invention>

The present invention can provide a kit for use in
t he above-descri bed nethods. The kit of the present
inventionis akit conprising aninstruction and at | east
one substance selected fromthe group consisting of the
following (a) to (h):

(a) a vector conprising a DNA encoding a
mul ti merizable protein, a DNA encoding a fluorescent
protein, and a cloning site, whereinthe vector is capable
of expressing a fusion protein conprising the
mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(b) a vector encoding the first fusion protein;

(c) a vector encoding the second fusion protein;

(d) atransformed cell comprising a vector encodi ng
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the first fusion protein;

(e) atransformed cell comprising a vector encodi ng
the second fusion protein,

(f) atransformed cell comprising a vector encodi ng
the first fusion protein and a vector encodi ng t he second
fusion protein;

(g) the first fusion protein; and

(h) the second fusion protein.

It is only necessary that the vectors according to
the present invention conprise a regulatory sequence
necessary for an expressi on (transcription and
transl ation) of the inserted DNA in the above-descri bed
cell. Examples of such a regul atory sequence include a
pronoter, an enhancer, asilencer, aterm nator, apoly(A)
tail, and a ri bosomal binding site (Shine-Dal garno (SD)
sequence). Further, the vectors accordingtothe present
i nvention may conpri se a sel ection marker (such as a drug
resi stance gene), and areporter gene (suchas aluciferase
gene, a B-galactosidase gene, a chloramphenicol
acetyltransferase (CAT) gene). Moreover, exanples of a
type of such vectors according to the present invention
i nclude a plasm d vector, an epi somal vector, and a viral
vect or.

The proteins encoded by the vectors accordingtothe
present i nventi on are t he above-descri bed fusi on proteins

and the |l i ke. Fromthe viewpoint of further i mprovingthe
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efficiency of expressingsuchproteins, aDNAhavi ng codons
optimzed in accordance with the species of a cell
expressingtheproteins (for exanpl e, humani zed- codon DNA)
may be inserted in the vectors according to the present
i nvention.

Additionally, those skilled in the art can prepare
the vectors according to the present invention as
appropriate by utilizing known techniques such as DNA
chem cal synthesis methods and genetic recombi nation
techni ques as described in Exanples |ater.

Exanpl es of the "cloning site allowi ng an i nsertion
of a DNA encoding a certain protein” in (a) above i ncl ude
a mltiple cloning site <containing one or nore
restriction-enzyme recognition sites, a TAcloning site,
and a GATEWAY(regi stered trademark) cloning site.

Those skilled in the art can synthesi ze and prepare
the fusion proteins according to the present invention
based on t he nucl eoti de sequences of these fusi on protein
by genetic techniques using acell-free proteinsynthesis
system (for exanple, reticulocyte extract, wheat germ
extract), Escherichia coli, animal cells, insect cells,
plant cells, or the I|ike. Al ternatively, the fusion
proteins according to the present invention can be
chem cally synt hesi zed and prepar ed basedonthe am no aci d
sequences by using a comercially-avail abl e pol ypeptide

synt hesi zer.

95



10

15

20

25

To preparations of the vectors or the fusi on proteins
according tothe present invention, other components such
asabuffer, astabilizer, apreservative, andananti septic
may be added.

The transformed cell according to the present
invention can be prepared, as described above, by
i ntroduci ngthe vectors accordingtothepresent invention
intoacell. Moreover, toapreparationof thetransformed
cell accordingtothe present i nventi on, amedi umnecessary
for storage and cul turing of the cell and ot her conponents
such as a stabilizer, a preservative, and an antiseptic
may be added or attached.

The "instruction” accordingtothe present i nvention
Is an instruction for wutilizing the vectors or the
transformed cell in the met hods of the present i nvention.
The instruction may conprise, for exanple, experinental
t echni ques and experi mental conditions for the met hods of
t he present i nventi on, andi nformationonthe preparations
of the present invention (for exanple, information such
as avector map i ndi catingthe base sequence, cloningsite
and the | i ke of the vectors, information onthe origin and
nature of the transformed cell, culture conditions of the
cell, and so forth).

Note that the kit of the present invention is not
l[imted to the above-descri bed enmbodi nent and can al so

enconmpass embodi nents as follows in accordance with the
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above-descri bed embodi ment s for det er m ni ng a
protein-protein interaction.

A kit for use in the second nmet hod for determ ning
a protein-protein interaction, the kit conmprising an
instruction and at | east one substance sel ected fromt he
group consisting of the following (a) to (h):

(a) a vector conmprising a DNA encoding the
mul ti merizable protein and a cloning site, wherein the
vector i s capabl e of expressingafusionproteinconprising
the multimerizable protein and a certain protein when a
DNA encodingthe certainproteinisinsertedinthecloning
Site;

(b) a vector encoding the third fusion protein;

(c) a vector encoding the fourth fusion protein;

(d) a vector encoding the fifth fusion protein;

(e) atransformed cell comprising a vector encodi ng
the fifth fusion protein;

(f) the third fusion protein;

(g) the fourth fusion protein; and

(h) the fifth fusion protein.

A kit for use in the third method for determ ning
a protein-protein interaction, the kit comprising an
instruction and at | east one substance sel ected fromt he
group consisting of the following (a) to (h):

(a) a vector conprising a DNA encoding the affinity

tag and a cloning site, wherein the vector is capabl e of
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expressing a fusion protein conprising the affinity tag
when a DNA encoding a certain proteinis inserted inthe
cloning site;

(b) a vector encoding the first | abel ed protein;

(c) a vector encoding the second | abel ed protein;

(d) a vector encoding the sixth fusion protein
compri sing the binding partner bound thereto;

(e) atransformed cell comprising a vector encodi ng
the sixth fusion protein conprising the binding partner
bound t hereto;

(f) the first | abel ed protein;

(g) the second | abel ed protein; and

(h) the sixth fusion protein conprisingthe binding
partner bound thereto.

A kit for use in the fourth method for determ ning
a protein-protein interaction, the kit conmprising an
instruction and at | east one substance sel ected fromthe
group consisting of the following (a) to (h):

(a) a vector conprising a DNA encoding the first
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthefirst
parti al peptide when a DNA encoding a certain proteinis
inserted in the cloning site;

(b) a vector encoding the seventh fusion protein;

(c) a vector encoding the eighth fusion protein;

(d) a vector encoding the ninth fusion protein;
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(e) atransformed cell conmprising a vector encoding
the ninth fusion protein;

(f) the seventh fusion protein,;

(g) the eighth fusion protein; and

(h) the ninth fusion protein.

A kit for use in the fifth method for determ ning
a protein-protein interaction, the kit comprising an
I nstruction and at | east one substance sel ected fromthe
group consisting of the following (a) to (h):

(a) a vector comprising a DNA encoding the third
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthethird
parti al peptide when a DNA encoding a certain proteinis
inserted in the cloning site;

(b) a vector encoding the tenth fusion protein;

(c) a vector encoding the eleventh fusion protein;

(d) a vector encoding the twelfth fusion protein;

(e) atransformed cell comprising a vector encodi ng
the twelfth fusion protein;

(f) the tenth fusion protein;

(g) the eleventh fusion protein; and

(h) the twelfth fusion protein.

A kit for use in the sixth method for determ ning
a protein-protein interaction, the kit comprising an
instruction and at | east one substance sel ected fromt he

group consisting of the following (a) to (h):
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(a) a vector conmprising a DNA encoding the
mul ti merizable protein and a cloning site, wherein the
vector i s capabl e of expressingafusionproteinconprising
the mul timerizabl e protein when a DNA encodi ng a certain
protein is inserted in the cloning site;

(b) avector conprisingaDNAencodi ngthefl uorescent
protein and a cloning site, wherein the vector i s capable
of expressing a fusion proteinconprisingthe fluorescent
protei n when a DNA encodi ng a certain proteinis inserted
in the cloning site;

(c) avector encodingthethirteenth fusion protein;

(d) avector encoding the fourteenth fusi on protein;

(e) a vector encoding the fifteenth fusion protein;

(f) the thirteenth fusion protein;

(g) the fourteenth fusion protein; and

(h) the fifteenth fusion protein.

A kit for use in the seventh method for determ ning
a protein-protein interaction, the kit conmprising an
instruction and at | east one substance sel ected fromt he
group consisting of the following (a) to (f):

(a) a vector conprising a DNA encoding the first
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capabl e
of expressing a fusion protein comprising the first
mul ti merizable protein, the fluorescent protein, and a

certain protein when a DNA encodi ng the certain protein
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is inserted in the cloning site;

(b) a vector comprising a DNA encodi ng the second
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capable
of expressing a fusion protein conprising the second
mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(c) a vector encodi ng the sixteenth fusi on protein;

(d) avector encodi ngthe seventeenthfusionprotein;

(e) the sixteenth fusion protein; and

(f) the seventeenth fusion protein.

[ Exanmpl es]

Her ei nafter, the present i nventionw || be descri bed
nor e speci ficallybasedonExanpl es and Conpar ati ve Exanpl e.
However, the present invention is not limted to the
foll owi ng Exampl es.

(Exampl e 1)

The present i nventorscanmeupwi thanideaof utilizing
indetermninganinteractionbetweentwo proteins(afirst
protein and a second protein): a first fusion protein
conprising the first protein, a nultimerizabl e protein,
and a fluorescent protein; and a second fusion protein
conprisingthe secondproteinandanultimerizableprotein
(see Fig. 1). To be nmore specific, the inventors cane up

with a construction of a systemas follows. When these
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two fusionproteins are expressedinacell, aninteraction
I f any between the first protein and the second protein
i nduces multimer formation between the nultimerizable
protei nand another multimerizabl e protein. Thereby, the
fusion proteins autononously form an assenbly, and the
fluorescent protein contained in the fusion protein is
detected as a fluorescent focus.

Then, the effectiveness of this systemwas actually
exam ned by sel ecting a PB1 donmai n of a p62 protein as the
mul ti merizabl eproteinandsel ecti ngnmonomeric Azam Green
1 (mMAGl) as the fluorescent protein. Further, this
exam nati on was conducted on an enbodi ment in which both
of the first fusion protein and the second fusi on protein
conprised mMAGL in order to facilitate detection of a
fluorescent focus (see Fig. 2). Additionally, a
humani zed- codon DNA encoding the fluorescent protein
(humani zed- codon mononeri ¢c Azam Green 1, hmAGl) was used
for the expression of mMAGL.

Moreover, in this exam nation, a FKBP12 protein
mut ant was used whi ch had been known to forma honmodi mer
by anaddi ti onof adrug (AP1903 or AP20187). Specifically,
in the exam nation this time, the first protein was the
same protein as the second protein, and the first fusion
proteinwas the same protein as the second fusi on protein.
Note that, as to the homodi mer formation of the FKBP12

protein mutant controll ed by AP1903 or the |i ke, see TIM
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CLACKSON et al., Proc. Natl. Acad. Sci. USA, 1998, vol.

95, pp. 10437 to 10442. Hereinafter, the materials and

met hods for constructing this detection systemw |l be
descri bed.
<Pr eparation of pPB1- hmAGLl- MCLi nker and

phmAGl- PB1- MCLi nker >

In this detection system prepared were expression
vectors (pPBl-hmAGl- MCLi nker and phmAGl- PB1- MCLi nker)
respectively encodi ng as the fusion proteins conposed of
the multimerizable protein and the fluorescent protein:
a protein tag (PBl-mAGl) conmposed of mAGL fused to the
C-term nus of the PB1domai nof t he p62protein; andaprotein
tag (mAGL-PB1l) conposed of mMAGL fused to the N-term nus
of the PB1 domai n of the p62 protein. Specifically, a DNA
havi ng the nucleotide sequence of SEQ ID NO 27 was
artificially synthesized which contained restriction
enzyme sites at either end of a DNA having a nucl eotide
sequence encodi ng t he PB1- mMAGL (t he DNA encodi ng a protein
havi ngthe am no aci d sequence of SEQI DNO: 28). Moreover,
a DNA havi ng the nucl eoti de sequence of SEQID NO. 29 was
artificially synthesized which contained restriction
enzyme sites at either end of a DNA having a nucl eotide
sequence encodi ng t he mAGl- PB1 (t he DNA encodi ng a protein
havi ng the am no acid sequence of SEQID NO. 30). Then,
the synthetic DNAs obtained in this manner were cl eaved

with Nhel and Agel, and inserted into phmAGl- MCLi nker
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(manuf acturedbylimtedconpany Amal gaamCo., Ltd.) havi ng
been treated with a conbination of the same restriction
enzymes. Thus, pPB1- hmAGl- MCLi nker and
phmAGl- PB1- MCLi nker were constructed.

<Preparation of pPBl-hmAGl- FKBP12 Mut ant >

Next, t he pPBl- hmAGl- MCLi nker prepared as descri bed
above was usedto prepare avector for expressingthefusion
protein accordingtothe present invention (FKBP12 nmut ant
fused to the PB1-mAGl). Specifically, a DNA having the
nucl eoti de sequence of SEQ ID NO 31 was artificially
synt hesi zed whi ch contained restriction enzyme sites at
ei ther end of a DNA having a nucl eoti de sequence encodi ng
t he FKBP12 nmut ant (the DNA encodi ng a protein having the
am no aci d sequence of SEQIDNG: 32). Then, the obtained
syntheti c DNAwas cl eaved wi t h EcCoRI and Xhol, andi nserted
into the pPBl- hmAGl- MCLi nker havi ng been treated with a
combi nation of the sanme restriction enzynes. Thus, a
pPB1- hmAGl- FKBP12 mut ant was constructed.

<Cell Culturing and Transfection>

Next, the pPB1l-hmAGl-FKBP12 mutant prepared as
descri bed above was i ntroduced i nt o HEK293 cel I s, and t he
fusion protein according to the present invention was
expressedinthecells. Specifically, first, HEK293 cel |l s
were cul tured i n DMEM( hi gh gl ucose, manuf act ured by SI GVA
ALDRI CH CO.) supplemented with 10% FBS ( manuf act ured by

Equitech-Bio Inc.) and 1% penicillin-streptonycin
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(manuf actured by Life Technol ogi es Corporation). Then,
on the day before the transfection, the HEK293 cells
culturedinthis manner were seeded onto an 8-wel |l chamber
slide (manufactured by Nunc A/S), and cultured in 200 pL
of the culture solution per well. Subsequently, 100 ng
of the pPBl- hmAGl- FKBP12 nut ant was diluted with 10 pL of
Opti MEM ( manuf actured by Li fe Technol ogi es Cor poration),
and 0. 4 pL of Tur bofect Transfecti on Reagent (manuf act ur ed
by Thermo Fi sher Scientific Inc.) was added thereto and
thenstirred. Thereafter, theresultant was further m xed
wi t h 100 pL of the cul turesolution, thenaddedtothe HEK293
cells, and cultured for 20 hours.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
were observed using an [IX-71 inverted fluorescence
m croscope (manufactured by O ynmpus Corporation, the
magni fi cati on of the objective lens: 20x), a U-MGFPHQ
filter (manufactured by O ynpus Corporation), and an
ORCA-ER digital camera (manufactured by Hamamatsu
Photonics K. K.). The homodi mer formati on of the FKBP12
mut ant was i nduced by adding 500 nM B/ B Honodi meri zer
(AP20187, manufactured by Takara Biolnc.) tothe medium
I naddition, after the drug was added, i mages wer e obt ai ned
over time. Fig. 9 shows the obtained result.

As apparent from the result shown in Fig. 9, no

fluorescent focus was detected before the drug was added,
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and fl uorescent signals were di spersedly observed in the
cytoplasns (see the image on the left in Fig. 9). Then,
38 m nutes after the drug addition, fluorescent foci were
observed in nultiple cells (see the image in the m ddle
of Fig. 9). Astheobservationwas further conti nued, many
cells which exhibited distinctive fluorescent foci were
observed 76 m nutes after the addition (see the i mage on
theright inFig. 9). Thus, theresult of this exam nation
reveal ed that the use of the systemutilizingthe protein
tag composed of the multimerizable protein and the
fluorescent protein shown in Fig. 1 or 2 enabled
determ nati on of homodi mer formati on, eventual ly
determ nati onof aprotein-proteininteraction. Further,
as shown in Fig. 9, it was also reveal ed that the present
invention made it possible to determ ne the honodi ner
formati on of the FKBP12 nutant in the cytoplasm that is,
an intracellular environment unique to the homodi mer
formati on.
(Conmparative Exanmple 1)

The present inventors have i nvented anot her system
for determining a protein-protein interaction, that is,
asysteminwhichafirst fusionproteinconmprisingafirst
protein and an associ ati on-induci ng protein, and a second
fusion protein conmprising a second protein and a
fluorescent multimerizabl eproteinareexpressedinacell,

and a fluorescent focus fornmed by an associ ati on between
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the first fusion protein and the second fusion proteinis
detected to determ ne an interaction between the first
protein and the second protein (see PTL 4).

Hence, using this system the honmodi mer formation
of t he FKBP12 pr ot ei n nut ant descri bed above was det er mi ned
and conpared with the result descri bed in Exanpl e 1 above
to evaluate the effectiveness of the present invention.
Herei nafter, the materi als and nmet hods for constructing
t he detection systemdescribedinPTL 4w Il be described.

<Preparation of pPBl- FKBP12 Mut ant and phAG FKBP12
Mut ant >

In the detection systemdescribed in PTL 4, the PB1
domain of the p62 protein was selected as the
associ ati on-i nduci ng protein. Moreover, AGwas sel ected
as the fluorescent multimerizable protein, and a DNA
encodi ng humani zed-codon AG (hAG) was used.

Furt her, an expression vector (pPBl-FKBP12 nutant)
encodi ng a fusion protein conposed of the FKBP12 mut ant
fusedtothe C-term nus of t he PB1 domai n of the p62 protein
was prepared as follows. Specifically, a DNA having the
nucl eoti de sequence of SEQ ID NO 31 was artificially
synt hesi zed which contained restriction enzyme sites at
ei ther end of a DNA having a nucl eoti de sequence encodi ng
t he FKBP12 nmut ant (the DNA encodi ng a protein having the
am no aci d sequence of SEQIDNG:. 32). Then, the obtained

syntheti c DNAwas cl eaved wi t h EcoRI and Xhol, andi nserted
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i nt o pAsh- MCLi nker (manufactured by MEDI CAL & Bl OLOGI CAL
LABORATORIES CO., LTD.) having been treated with a
combi nation of the sanme restriction enzynmes. Thus, a
pPB1- FKBP12 mut ant was constructed.

Mor eover, an expression vector (phAG FKBP12 nut ant)
encodi ng a fusion protein conposed of the FKBP12 mut ant
fused to the C-term nus of the AGprotein was constructed
by i nserting the synthetic DNA encodi ng t he FKBP12 nut ant
i nto phAG- MCLi nker (manufactured by MEDI CAL & Bl OLOGI CAL
LABORATORI ES CO., LTD.) according to the same net hod as
t hat descri bed above.

Further, 100 ng of each of the expression vectors
t hus constructed was m xed, that is, 200 ng of these were
m xed in total, and fluorescent foci in cells before and
after thedrug additi onwere detectedaccordingtothe same
met hods as <Cell Culturing and Transfection> and
<Observation of Cells> described in Exanple 1. Fig. 10
shows the obtained result.

As shown in Fig. 10, it was confirmed that the method
described in PTL 4 was also capable of detecting a
fluorescent focus indicating the homodi mer formation of
t he FKBP12 protein nutant. However, in this method, even
at the time point when 66 m nutes el apsed after the drug
addition, fluorescent foci wereformedonlyinafewcells.
This reveal ed t hat t he met hod of the present i nventi on was

superior to the method described in WO2013/ 084950 i n at
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|l east the efficiency of the honmodimer formation
det erm nati on.
(Exampl e 2)

Next, an exam nati on was conduct ed on whet her or not
the method of the present invention was capable of
determ ni ngreversi bl ehonmodi mer f ormati on, i not her wor ds,
whet her or not fluorescent foci having been formed were
extingui shed as the homodi mer di ssoci at ed.

It has beenknownt hat ahomodi mer of t he FKBP12 protein
mut ant i nduced and fornmed by the above-described B/B
Honodi meri zer (AP20187) is dissociated by B/ B Washout
Li gand (manufactured by Takara Bio Inc.). Hence, the
exam nation was conducted using materials and met hods
descri bed bel ow.

<Preparation of Cells Constitutively Expressing
PB1- hmAGl- FKBP12 Mut ant >

The pPB1- hmAGl- FKBP12 mut ant was introduced into
HEK293 cells, and cells constitutively expressing the
fusion protein according to the present invention
(PB1- hmAGl- FKBP12 nmut ant) were prepared. Specifically,
ont heday beforetheintroductionof theexpressionvector,
HEK293 cell s were seeded onto a 35-mmdi sh (manufactured
by BDFal con), andcul turedinl.5mof theculturesol ution.
Then, 1 ug of the pPB1- hmAGl- FKBP12 mut ant was dil utedwi th
100 pL of Opti MEM (manufactured by Life Technol ogies

Cor poration), and 10 pL of Pol yFect (regi stered trademar k)
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Transfecti on Reagent (manufactured by Q AGEN N.V.) was
added thereto and then stirred. Subsequently, the
resultant was further m xed with 600 pL of the culture
sol ution, then added to t he HEK293 cel |l s, and cul tured for
20 hours. Thereafter, G418 was added thereto at a
concentrati on of 500 pg/ m., and further cultured for one
week. After that, viable cells were detached using a
trypsin solution, diluted with a culture solution
contai ning G418 (500 ug/ m), andthenculturedina96-well
plateat 0.5cells/well. Subsequently, cells whichformed
single colonies were cultured to expand.

<Observation of Cells>

The cells constitutively expressi ng the
PB1- hmAGl- FKBP12 nut ant established above were observed
by t he same met hod as t hat descri bedi n Exanmplel. Moreover,
after nofluorescent focuswasconfirmedinthesteadystate,
500 nMB/ BHonmodi meri zer was addedto the cul ture sol ution,
and t he cell s were phot ographed over time for 150 m nut es.
Note that, in this observation, the formation of
fluorescent foci indicatingthe homodi mer formati on of the
FKBP12 nmut ant wer e observed as i n Exanpl e 1 above. Next,
the cells were washed by replacing the culture solution
cont ai ning the B/ B Homodi meri zer with a culture sol ution
normal ly used for culturing. Then, 500 nM B/ B Washout
Li gand was added, and i nrages wer e obtai ned over tinme for

100 m nutes. Fig. 11 shows the obtained result.
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<l mage Anal ysi s>

The i mages captured over time by the above net hod
wer e anal yzed usi ng spot detection (spot detector) of an
icy i mge anal ysi s program
(http://icy.bioimgeanal ysis.org/). Moreover, fromthe
i mges, a graph was created in whichthe Xaxis represents
the operation time (m nutes), and the Y axis represents
a nunmerical value of a total fluorescence intensity in
regi ons of the fluorescent foci within boxes drawn around
theregions by lines. Notethat the analysiswi ththe spot
det ect or was performed by setting parameters (processing
pat hs) as foll ows.

Pre Processing: null,

Det ect or: UDWIWAvel et Det ector, Detect bright spot over
dar k background,

Scal e enabl ed: scale 3, Threshol d: 50.

Fig. 12 shows the obtained result.

As apparent fromtheresult showninFig. 11, simlarly
totheresult describedinExamle 1, nofluorescent focus
was detected before the drug addition, and fl uorescent
signals were di spersedly observed in the cytopl asns (see
the image onthe left inFig. 11). Then, 90 m nutes after
t he B/ B Homodi meri zer addition, distinctive fluorescent
foci were observedinnmultiplecells (seetheimgeinthe
mddle in Fig. 11).

Mor eover, it was reveal ed that as a result of addi ng
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t he B/ B Washout Ligand, nost of the fluorescent foci were
extingui shed (see the image on the right in Fig. 11).
Further, it can be seen fromthe graph shown in Fig. 12,
the fluorescent foci were formed and extinguished in a
stepwi se manner. These revealed that the present
invention was capabl e of grasping, on the basis of the
formati on and extinction of the fluorescent foci, achange
over timeinthe protein-proteininteractionattributable
to the drugs added. Furthermore, as shownin Fig. 11, it
was al so revealed that the present invention made it
possible to determne the homodinmer formation and
di sruption of the FKBP12 mutant inthe cytoplasm that is,
an intracellular environment unique to the homodi mer
formati on and disruption. Additionally, when the
formati on of the fluorescent foci started to be observed
under the m croscope observationinmedi ately after the B/ B
Homodi meri zer addition, the value of a fluorescence
intensitywas 1l.9tinmesas| argeasthat beforetheaddition.
This reveal ed that it was possi ble to determ ne formati on
of a fluorescent focus indicating the protein-protein
i nteraction when a detected val ue was at | east twi ce as
| arge as a fluorescence intensity in a negative control
(for exanple, cells before a protein-proteininteraction
t ook pl ace).

As descri bed above, it was also revealed that the

present i nvention was capabl e of determ ning areversible
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change in a protein-protein interaction on the basis of
formati onandextinctionof fluorescent foci tobedetected.
Mor eover, sincethefluorescent foci i ncreasedor decr eased
in a stepwi se manner as tinme el apsed, this reveal ed t hat
t he present invention was al so capabl e of quantitatively
analyzing a protein-protein interaction. Further, the
cells <constitutively expressing the fusion protein
according to the present invention were successfully
prepared by i ntroduci ngthe fusionproteinintothecells,
t hereby confirmng that the protein tag contained in the
fusion protein exhibited no cytotoxicity and the |iKke.
(Exampl e 3)

Whet her or not the present i nventi on was al so capabl e
of determ ni ng homorul ti mer formati on was exam ned usi ng
mat eri al s and net hods descri bed below. Note that this
exam nati on was conducted by targeting homonmulti mer
formati onof ap53protein(astothehomonultimer formati on,
see Yoko | tahana et al., J Biol Chem , 2009, vol. 284, no.
8, pp. 5158 to 5164).

<Preparation of phmAGl-PBl-p53 and phmAGl- p53>

A nucl eoti de sequence was desi gned i n which a BanmHI
recogni tionsequence was addedtothe 5" end of anucl eotide
sequence encodi ng p53 (the nucl eotide sequence encodi ng
a protein having the am no acid sequence of NCBI Ref Seq
ACCESSI ON No: NP_000537) while the stop codon and a Not |

recognition sequence were the 3" end. Then, a DNA havi ng
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the resulting nucleotide sequence was artificially
synt hesi zed, cl eaved wi t h BanmHI and Not |, and subsequently
inserted into phmAGl- PB1- MCLi nker and phmAGl- MCLi nker
(manufacturedbylimtedconmpany Amal gaamCo., Ltd. ) havi ng
been treated with a conbinati on of the same restriction
enzymes. Thus, phmAGl-PBl-p53 and phmAGl-p53 were
prepar ed.

<Preparation of pp53-hmAGl-PB1l and pp53- hmAGl>

In addition to the expressi on vectors encodi ng the
fusion protein having the protein tag at the N-term nus
of the p53 protein, expression vectors encodi ng a fusion
protein having the proteintag at the C-term nus were al so
prepared by a nethod described bel ow.

Specifically, the stop codon was renmoved fromthe
syntheti c DNA encodi ng p53. The resulting synthetic DNA
was cl eaved with BamHlI and Notl, and then inserted into
phmAGl- PB1- MNLi nker and phmAGl1- MNLi nker ( manuf actured by
limted company Amal gaam Co., Ltd.) having been treated
wi t h a combi nati on of the samerestricti onenzynes. Thus
pp53- hmAGl- PB1 and pp53- hmAGL were prepared.

<Cell Culturing and Transfection>

U20S cells were selected as cells into which the
expression vectors prepared above were i ntroduced. The
cells were first <cultured in DMEM (high glucose,
manuf act ured by SI GMA ALDRI CH CO. ) supplenented with 10%

FBS (manufactured by Equitech-Bio 1Inc.) and 1%
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penicillin-streptomycin (manuf act ur ed by Life
Technol ogi es Corporation). Then, on the day before the
i ntroduction of the expression vectors, these cells were
seeded onto a 35-mmdi sh (manuf actured by BD Fal con), and
culturedinl.5m of theculture solution. Subsequently,
1 ug of the expressionvector (phmAGl- PB1-p53, phmAGl- p53,
pp53- hmMAGL- PB1, or pp53-hmAGl) was diluted with 100 pL of
Opti MEM ( manuf actured by Life Technol ogi es Cor poration),
and 10 puL of Pol yFect (regi stered trademark) Transfection
Reagent (manufactured by Q AGEN N.V.) was added thereto
and then stirred. The resultant was further m xed with
600 pL of the culture solution. Thereafter, each m xture
sol utionof theexpressionvectors was addedtothecul tured
cells, and further cultured for 20 hours.

<Observation of Cells>

The cel | s transfected above were observedinabuffer
at pHof 7. 4 cont ai ni ng 20 mMMHEPES ( manuf act ur ed by Doj i ndo
Labor at ori es) and Hanks’ Bal anced Salt Sol uti ons
(manuf actured by Life Technol ogi es Corporation) having
been diluted with Hoechst 33342 (manufactured by Doji ndo
Laboratories) tolug/m . Figs. 13and 14 showt he obt ai ned
result. Note that m crographs shown in Figs. 13 and 14
are results of the observation with a 40x magnification
of the objective |ens.

As apparent from the result shown in Fig. 13,

distinctive fluorescent focus formati ons were observedin
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cell s expressingthe mAGl- PB1- p53 fusi onproteinandcells
expressingthe p53- mMAGl- PB1 fusi on protein, that is, cells
expressing the fusion proteins according to the present
I nventi on.

On t he ot her hand, as showninFig. 14, nofl uorescent
f ocus was observedincells expressingthe mAGl-p53 fusi on
protein and cell s expressingthe p53- mAGL fusi on protein,
and fl uorescent signal s were observedinadispersedstate.

Thus, it was reveal ed t hat the present i nventi on was
capabl e of determ ning not only the homodi mer formation
but al so the homonmulti mer formation. Further, as shown
inFig. 13, it was al soreveal edthat the present i nvention
was capabl e of uniform y determ ningthe p53 honmonul ti mer
formation in the nuclei and the cytoplasns in the cells
by wutilizing wuniform fluorescent focus formation.
Moreover, it was also confirmed that the protein tag
according to the present invention functioned even when
fused to any of the N-term nus and the C-term nus of the
anal ysi s-target protein.

(Exampl e 4)

It was confirmed that the systemshown in Fig. 1 was
effective in determning not only the above-described
homomul ti mer formati on but al so heteronul ti mer formati on.
Not e that the detection target inthis exam nation was an
i nteraction between a p53 proteinandan MDM2 protein, and

that Nutlin-3 known as ani nhi bitor against theinteraction
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was al sousedinthisconfirmationexperiment (seeVassilev
LT et al., Science, February 6, 2004, vol. 303, no. 5659,
pp. 844t0848). Further, inthisconfirmationexperiment,
a PB1 domai n of a p62 protei nwas usedasthenultimerizable
protein, and a mAGl protein was used as the fluorescent
protein.

<Preparation of pPBl-p53(70)>

To express a partial peptide of p53 whose N-term nus
was fusedtot he PB1 domai n of the p62 protein (PBl-p53(70))
as a second fusion proteinincells, apPB1-p53(70) vector
was prepared as foll ows.

In preparing pPBl-p53(70), first, a nucleotide
sequence was desi gned i nwhi chaBanmHlI recognitionsequence
was added to the 5' end of a DNA encodi ng a portion of p53
(a region (p53(70)) having the 1st to 70th am no aci ds of
the p53 protein, the region had the am no acid sequence
of SEQIDNO: 34) whilethestopcodonandaNotl recognition
sequence were added to the 3' end of the DNA. Then, a DNA
having the nucleotide sequence was artificially
synt hesi zed, cl eaved wi t h BanmHI and Not |, and subsequently
inserted into pAsh- MCLi nker having been treated with a
combi nation of the sanme restriction enzynes. Thus,
pPB1- p53(70) was prepared.

<Preparation of pPBl-hmAGl- VNDM2>

To express MDM2 whose N-term nus was fused to the

PB1 domai n of the p62 protein and mAGl ( PB1- mMAGl- MDM2) as
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afirst fusionproteinincells, apPBl-hmAGl- MDM2 vect or
was prepared as foll ows.

pPB1- MDM2 was cl eaved with BanmHI and Notl, and t hen
i nsertedintopPBl- hmAGLl- MCLi nker havi ngbeentreatedw th
a conbination of the same restriction enzymes. Thus,
pPB1- hmAGl- MDM2 was prepared.

Note that the pPBl1-MDM2 is a plasm d vector for
expressing, as a second fusion protein, an MDM2 protein
whose N-term nus was fused to the PB1 domain of the p62
protein (PB1-MDM2). As to the preparation nmethod and so
forth of the pPB1- MDM2, see Exanple 13 described | ater.

<Preparation of pp53(70)-hmAGl- PB1>

To express a partial pepti de of p53 whose C-term nus
was fused to the PBl1 domain of the p62 protein and mAGl
(p53(70)-mAGl1l-PBl)) as a first fusion protein in cells,
a pp53(70)-hmAGl- PB1 vector was prepared as foll ows.

I npreparingpp53(70)-hmAGL- PB1, first, anucl eotide
sequence was desi gnedi nwhi chaBanmHl recognitionsequence
and a Notl recognition sequence were respectively added
tothe 5 end and the 3' end of the DNA encodi ng p53(70).
Then, a DNAhavi ngthe nucl eoti de sequencewas artificially
synt hesi zed, cl eaved wi t h BamHI and Not |, and subsequently
i nsertedintophmAGl- PB1- MNLi nker havi ngbeentreatedwith
a combination of the sane restriction enzymes. Thus,
pp53(70)- hmAGLl- PB1 was prepared.

<Cell Culturing and Transfection>
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To express the fusion proteins in a combination
accordingtothefollowing (A) or (B) incells, thevectors
encodi ngthese fusionproteinswereintroducedi nto HEK293
cells by a method descri bed bel ow:

(A) PB1-p53(70) and PB1l- mAGl- MDM2; and
(B) p53(70)-mAGLl- PB1 and PB1- MDM2.

First, HEK293 cells were cultured in a culture
sol uti on (DMEMhi gh gl ucose (manuf act ured by SI GMA ALDRI CH
CO.), 10% FBS (manufactured by Equitech-Bio Inc.), 1%
penicillin-streptonmycin (manuf actured by Life
Technol ogi es Corporation)). On the day before the
transfection, thecells were seeded onto an 8-wel | chanber
slide (manufactured by Nunc A/S), and cultured in 200 pL
of the culture solution per well. Then, a DNA solution
i nwhich 100 ng of each of the vectors were m xed was di | ut ed
with 10 pL of Opti MEM (manuf actured by Life Technol ogi es
Cor poration), and 0.8 ul of Fugene HD (manufactured by
Promega Cor poration) was added thereto and then stirred.
The resul tant was further m xed with 100 ul of the culture
solution, then added to the cultured cells, and cul tured
for 20 hours.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
were observed using an |X-81 inverted mcroscope, a
U- MNI BA3filter (manufacturedby O ympus Cor porati on), and

an ORCA- Fl ash4.0di gital camera (manuf actured by Hamamat su
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Phot oni cs K. K.). As an inhibitor against the
protein-proteininteracti onbetweenp53and MDM2, Nutlin-3
was addedtotheculturesolutiontothefinal concentration
of 40 uM  After the drug addition, the resultant was | eft
st andi ng at roomtenperature for 30 m nutes, and the cells
wer e observed. Figs. 15 and 16 show i mages before the
Nutlin-3 addition and 30 m nutes after the addition.

As apparent fromthe result shown in Figs. 15 and
16, distinctive fluorescent foci were observed in cells
expressing the PBl-p53(70) and the PBl1- mMAGl- MDM2 and i n
cells expressing the p53(70)-mAGl- PB1 and t he PB1- NDM2.
Further, these fluorescent foci were extinguished by the
Nutlin-3 addition, and the fluorescent signals were
di spersed. As apparent fromthese, it was confirmed that
the fluorescent foci were formed dependently on the
protein-protein interaction between the p53 protein and
the MDM2 protein.

Thus, it was confirmed that the present invention
was capable of determ ning not only the homonultimer
formati on but also the heteromultimer formation. As
verified in Exanple 3 al so, Example 4 confirmed that the
proteintags accordingtothe present i nventionfuncti oned
even when fused t o any of the N-term nus and the C-term nus
of the anal ysis-target protein.

(Exampl e 5)

The effectiveness of the systemshown in Fig. 1 in
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determ ning a protein-protein interaction was confirmed
by a method described bel ow. Note that the detection
targets in this exam nation were a FRB domai n of a mIOR
protein (hereinafter also referred to as "mIOR(FRB
domai n) ") and a FKBP12 protein. These proteins have been
known to interact with each other in the presence of
rapamycin (see Chen J et al., Proc Natl Acad Sci U S A.,
May 23, 1995, wvol. 92, no. 11, pp. 4947 to 4951).
Additionally, inthis confirmation experinment al so, a PB1
domain of a p62 protein was used as the nmultimerizable
protein, and a mAGl protein was used as the fluorescent
protein, as in Exanmple 5.

<Preparation of pPBl-hmAGl- FKBP12>

In constructing a vector (pPBl-hmAGl- FKBP12) for
expressing aprotein(PBl- mMAGl- FKBP12) conposed of t he PB1
domai n of the p62 protein and the mAGL protein fused to
the N-term nus of the FKBP12 protein, first, a pPBl- FKBP12
vector was prepared as follows.

A DNA was artificially synthesized which contai ned
recognition sites of restrictionenzymes (EcoRI and Xhol)
and the stop codon at either end of a nucl eoti de sequence
encodi ng t he FKBP12 protein (the protein having the am no
aci d sequence of NCBI Ref Seq ACCESSI ON No: NP_463460.1).
Then, the obtained synthetic DNA was cl eaved with EcoRI
and Xhol, and inserted into pAsh-MCLi nker having been

treatedw thaconbinati onof thesamerestrictionenzynmes.
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Thus, an expression vector (pPBl-FKBP12) encoding
PB1- FKBP12 was constructed.

Next, t he pPB1l- FKBP12 was cl eaved wi t h BamHI and Not |,
and then inserted into pPB1l-hmAGl- MCLi nker havi ng been
treatedwi thaconbinati onof thesamerestrictionenzynmes.
Thus, pPBl- hmAGl- FKBP12 was prepar ed.

<Preparation of pmlrOR(FRB domai n) - PB1>

A vector (pmlOR(FRB domai n)-PBl) for expressing a
protein (MMOR( FRB domai n) - PB1) conposed of the PB1 domai n
of the p62 proteinfusedtothe C-term nus of the FRBdomai n
of the mIOR protein was prepared as follows. A DNA was
artificially synthesized which contained EcoRl and Xhol
recognitionsitesrespectivelyat bothends of anucl eoti de
sequence encoding a portion of the mlfOR protein (a region
havi ng the am no acids frompositions 2025 to 2114 of the
MIOR pr ot ei n; a pol ypeptide having the am no aci d sequence
of SEQID NO: 41). Then, the obtained synthetic DNA was
cleaved with EcoRl and Xhol, and inserted into
pAsh- MNLi nker havi ng been treated with a conmbi nati on of
the same restriction enzynmes. Thus, an expressi on vect or
(pmTOR( FRB domai n) - PB1) encodi ng mTOR( FRB donmai n) - PB1 was
prepared.

<Cell Culturing and Transfection>

To express the fusion proteins in a conbination
according to the following (C) in the cells, the vectors

encodi ngthese fusionproteinswereintroducedinto HEK293
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cells by the same met hod as t hat descri bed i n Exanpl e 4.
(C) PB1l- mAGl- FKBP12 and mIOR(FRB domai n) - PB1
<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed byt hesame net hodast hat descri bedi n Exampl e
4. Mor eover, as an inducer for the protein-protein
i nteractionbetween mTOR(FRBdomai n) and FKBP12, rapamycin
was addedtotheculturesolutiontothefinal concentration
of 500 nM  After the drug additi on, theresultant was | eft
st andi ng at roomtenperature for 30 m nutes, and the cells
wer e observed. Fig. 17 shows images before the drug
addi tion and 30 m nutes after the addition.

As apparent fromthe result shown in Fig. 17, no
fluorescent focus was observed in cells expressing the
PBl- mMAGl- FKBP12 and the mIOR(FRB domain)-PBl before
rapamycin was added. However, 30 m nutes after the
rapamycin addition, fluorescent foci were observed. As
descri bed above, since the fluorescent foci were formed
inamnner dependent on rapanmycin, it was confirmed that
these fluorescent foci were formed dependently on the
protein-protein interaction between FKBP12 and mlOR( FRB
domai n) .

Thus, as verifiedin Exanple 4 al so, it was confirmed
that the present i nventionis capabl e of detecting not only
t he homonul timer formati on as descri bed in Exanmples 1 to

3, but also an interaction between different proteins.
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(Exampl e 6)

The effectiveness of the systemshown in Fig. 2 in
determ ning a protein-protein interaction was confirmed
by amet hoddescri bedbel ow. Notethat thedetectiontarget
inthisexam nati onwas aninteracti onbetweenap53protein
and an MDM2 prot ein, andthat Nutlin-3knownas ani nhi bitor
agai nst theinteractionwas alsousedinthisconfirmation
experiment. Further, inthis confirmtion experinent, a
PB1 domai n of a p62 protein was used as the nmultinmeri zabl e
protein. Moreover, a mMAGL protein was used as the
fluorescent protein. Infusionproteinsused, both of the
p53 proteinandthe MDM2 proteinweredirectlyorindirectly
bound to the fluorescent protein.

<Preparation of pPBlhmAGl- MNLi nker >

A DNA (the DNA havi ng t he nucl eoti de sequence of SEQ
ID NO: 27) was artificially synthesized whi ch cont ai ned
Nhel and Agel recognition sites respectively at both ends
of a DNA fragment encodi ng a protei n conposed of mAG f used
tothe C-term nus of the PB1 domai n of the PB1p62 protein.
The DNA was cl eaved wit h Nhel and Agel, and inserted into
pAsh- MNLi nker fromwhich the DNA encodi ng t he PB1 domai n
of the PBlp62 protein had been renoved. Thus, a
pPB1hmAGLl- MNLi nker plasm d vector was prepared.

<Preparation of pp53(70)-PBl-hmAGl>

To express a partial pepti de of p53 whose C-term nus

was fused to the PBl1 domain of the p62 protein and mAGl
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(p53(70)-PB1-mAGLl) as a first fusion proteinincells, a
pp53(70) - PB1- hmAGlL vector was prepared as foll ows.

I npreparingpp53(70)-PBl-hmAGL, first, anucl eotide
sequence was desi gnedi nwhi chaBanmHl recognitionsequence
and a Notl recognition sequence were respectively added
tothe 5 end and the 3' end of the DNA encodi ng p53(70).
Then, a DNAhavi ngthe nucl eoti de sequencewas artificially
synt hesi zed, cl eaved wi t h BamHI and Not |, and subsequently
i nsertedintopPBl- hmAGL- MNLi nker havi ngbeentreatedwith
a combination of the sane restriction enzymes. Thus,
pp53(70)-PB1l- hmAGL was prepared.

<Cell Culturing and Transfection>

To express the fusion proteins in a combination
accordingtothefollowing (A) or (B) incells, thevectors
encodi ngthese fusionproteinswereintroducedi nto HEK293
cells by the same met hod as that described i n Exanpl e 5;
(A) p53(70)-mAGL- PB1 and PB1- mAGl- MDM2; and
(B) p53(70)-PBl-mAGL and PB1- mAGl- NDM2.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed byt hesame net hodast hat descri bedi n Exampl e
4. Specifically, as an inhibitor agai nst t he
protein-proteininteracti onbetweenp53and MDM2, Nutlin-3
was addedtotheculturesolutiontothefinal concentration
of 40 uM  After the drug addition, the resultant was | eft

st andi ng at roomtenperature for 30 m nutes, and the cells
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wer e observed. Figs. 18 and 19 show i mages before the
Nutlin-3 addition and 30 m nutes after the addition.

As apparent fromthe result shown in Figs. 18 and
19, distinctivefluorescent foci were observedinall cells.
Furt her, these fluorescent foci were extinguished by the
Nutlin-3 addition, and the fluorescent signals were
di spersed. As apparent fromthese, it was confirnmed that
the fluorescent foci were formed dependently on the
protein-protein interaction between the p53 protein and
the MDM2 protein. Moreover, it was also confirmed that
the method of the present invention was capable of
determ ningthe protein-proteininteracti onregardl ess of
whet her the protein directly fused to p53(70) was either
mMAGLl (in the case of (A) above) or the PB1 domain (in the
case of (B) above).

(Exampl e 7)

The effectiveness of the systemshown in Fig. 2 in
determ ning a protein-protein interaction was confirmed
by amet hoddescri bedbel ow. Notethat thedetectiontarget
in this exam nation was a protein-protein interaction
bet ween MITOR( FRB domai n) and a FKBP12 protein. Moreover,
toinducetheinteraction, rapamycinwas alsousedinthis
system Additionally, in this confirmation experi ment
also, a PBl1 domain of a p62 protein was used as the
mul ti meri zabl e protein, and a mAGL pr ot ei n was used as t he

fluorescent protein, as in Exanple 7.
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<Preparation of pmlrOR(FRB domai n)- hmAGl- PB1>

A vector (pmIrOR( FRB domai n) - hmAGl- PB1) for
expressingaprotein(mMMOR(FRBdomai n) - mMAGL- PB1) conposed
of MAGL and t he PB1 domai n of the p62 protein fusedtothe
C-term nus of t he FRBdomai nof t he mTORpr ot ei nwas pr epar ed
as follows.

The pmlTOR( FRB donmai n) - PB1 was cl eaved wi t h BanHl and
Not 1, andt he mfOR( FRBdomai n) fragment was purified. Then,
t he fragment was i nserted i nto phmAGl- PB1- MNLi nker havi ng
been treated with a conbination of the same restriction
enzymes. Thus, pmlfOR( FRBdomai n) - hmAGL- PB1 was pr epar ed.

<Cell Culturing and Transfection>

To express the fusion proteins in a combination
according to the following (C) in the cells, the vectors
encodi ngthese fusionproteinswereintroducedi nto HEK293
cells by the same met hod as that described i n Exanpl e 5.
(C) mMTOR(FRB donmi n) - mMAGL- PB1 and PB1- mAGl- FKBP12.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed byt hesame net hodast hat descri bedi n Exanmpl e
5. Specifically, as an inducer for the protein-protein
I nteractionbetween mTOR(FRBdomai n) and FKBP12, rapamycin
was addedtotheculturesolutiontothefinal concentration
of 500 nM After the drug addition, theresultant was | eft
st andi ng at roomtenperature for 30 m nutes, and the cells

wer e observed. Figs. 20 and 21 showi mages before the drug
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addition and 30 m nutes after the addition.

As apparent fromthe result shown in Figs. 20 and
21, no fluorescent focus was observed in cells expressing
the mMIOR(FRB domai n) - MAGl- PB1 and the PB1- mMAGl- FKBP12
bef ore rapanyci n was added. However, 30 m nutes after the
rapamyci n addition, fluorescent foci were observed. As
descri bed above, since the fluorescent foci were formed
I namnner dependent on rapanmycin, it was confirmed that
these fluorescent foci were formed dependently on the
protein-protein interaction between FKBP12 and mlrOR( FRB
domai n) .

As verifiedinExanplesl1to3also, theeffectiveness
of the systemfor detecting a fluorescent focus formed by
assenmbly formati on between a first fusion protein and a
second fusion protein shown in Fig. 2 was confirmed in
Exanples 6 and 7, too. Particularly, it was confirmedthat
thesystemshowninFig. 2accordingtothepresent i nvention
was capable of determning not only the honmonul ti mer
formati ons as described in Exanples 1 to 3, but also the
i nteractions between different proteins.

(Exampl e 8)

It was confirmed that the fluorescent protein used
inthe present i nventi onwas not limtedto mAGL by a met hod
descri bed bel owi nwhichthefl uorescent proteininExanple
1 was changed from mAGL to DGl or nCherry.

<Preparation of pPBl-hDGl- FKBP12 Mut ant >
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A vector (pPBl-hDGl-FKBP12 mutant) for expressing
a protein (PB1l-DGl-FKBP12 nutant) conposed of the PBl
domain of the p62 protein and the Dronpa—Greenl fluorescent
protein fused to the N-term nus of the FKBP12 mut ant was
prepared as follows.

A DNA sequence was artificially synthesized which
encoded DGl (a protein having the am no acid sequence of
Genbank ACCESSI ON No: BAD72874), and which had a Spel
recogni tion sequence at the 5° end and an Agel recognition
sequence at the 3' end. Then, the obtai ned DNAwas cl eaved
with these restriction enzynes, and inserted into the
pPB1l- hmAGl- FKBP12 mut ant which had been treated with a
combi nati onof thesamerestrictionenzymes, andfromwhi ch
the hmAGlL portion had been removed. Thus, a
pPB1- hDGl- FKBP12 mut ant was prepared.

<Preparation of pPBl-mCherry-FKBP12 Mut ant >

Avector (pPBl- mCherry- FKBP12 nut ant) f or expressi ng
a protein (PBl- mCherry- FKBP12 mut ant) conmposed of t he PB1
domain of the p62 protein and the mCherry fluorescent
protein fused to the N-term nus of the FKBP12 mut ant was
prepared as follows.

In preparing pPB1- mCherry- FKBP12, first, a
nucl eoti de sequence was designed in which a Spel
recogni tionsequence and an Agel recogni ti on sequence were
respectively added to the 5° end and the 3" end of a DNA

encodi ng nCherry (a proteinhavingthe am no aci d sequence
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of Genbank ACCESSI ON No: AAV52164). Then, a DNA having
the nucl eotide sequence was artificially synthesized,
cl eaved wi t h Spel and Agel, and subsequently insertedinto
t he pPB1- hmAGl- FKBP12 nut ant whi ch had been treated with
a conbi nation of the same restriction enzymes, and from
whi ch the hmAGlL portion had been renoved. Thus, a
pPB1- mCherry- FKBP12 nmut ant was prepared.

<Cell Culturing and Transfection>

To express the PBl-hDGl-FKBP12 nmutant or the
PBl- mCherry- FKBP12 nmutant in cells, the vectors encoding
t hese fusion proteins were introduced i nto HEK293 cell s
by the same method as that described in Exanple 4.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed using an | X-81 inverted m croscope and an
ORCA-Fl ash 4.0 digital canera. A U-MNIBA3 filter
(manuf act ur ed by O ynpus Cor poration) andaU-MNG3filter
(manufactured by O ynmpus Corporation) were used
respectively for the DGL and mCherry observations. The
homodi mer formati on of the FKBP12 nmutant was i nduced by
addi ng 500 nMB/ B Honodi meri zer. After the drug addition
the resultant was | eft standi ng at roomtenperature. The
cell s were observed after 1, 2, and 3 hours el apsed. Figs.
22 and 23 show i mages before the drug addition and 1, 2,
and 3 hours after the addition.

As apparent fromthe result shown in Figs. 22 and
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23, drug-additi on dependent i ncreases influorescent foci
were observed in both of cells expressing the
PB1- DG1- FKBP12 mut ant and cells expressi ng the
PBl- mCherry- FKBP12 mutant. Thus, it was confirnmed that
the fl uorescent proteinusedinthe present i nventi on was
not limted to mAGL

(Exampl e 9)

It was confirmed that a protein other than the PB1
domain of the p62 protein was also utilizable as a
mul ti merizable protein in the present i nvention
Specifically, a SAM domain of a Tankyrase 1 protein was
used in place of the PB1 domain in the method descri bed
in Exanple 1, and the honodi mer formation of the FKBP12
protein mutant was detected using materials and net hods
descri bed bel ow.

<Preparation of pTankyrase-hmAGl- FKBP12 Mut ant >

A vector (pTankyrase-hmAGl- FKBP12 nmutant) for
expressing a protein (Tankyrase-mAGl- FKBP12 nutant)
composed of the SAMdonmai n of the Tankyrase 1 protein and
MAGL fused to the N-term nus of the FKBP12 nutant was
prepared as follows.

A DNA sequence was artificially synthesized which
encoded a protein (Tankyrase-mAGl, the protein had the
am no aci d sequence of SEQI DNO:. 43) conposed of mAGL f used
totheC-term nus of t he SAMdomai n of t he Tankyrase 1 protein,

and whi ch had a Nhel recognition sequence at the 5 end
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and an Agel recognition sequence at the 3" end. The DNA
was cl eaved wi t h Nhel and Agel, and then insertedintothe
pPB1- hmAGl- FKBP12 mut ant whi ch had been treated with t he
sane restriction enzymes, and from which the PB1l- hmAGl
porti onhadbeenremved. Thus, apTankyrase- hmAGl- FKBP12
mut ant vector was prepared.

<Cell Culturing and Transfection>

HEK293 cells were cultured in DMEM (high glucose)
suppl emented with 10%FBS and 1%penicillin-streptomycin.
Then, on the day before the transfection, the cells were
seeded onto an 8-well chanber slide. The cells were
cultured in 200 pL of the culture solution per well.
Subsequently, a DNA sol ution was prepared by m xing 200
ng of theplasmdw th 10 pL of Opti MEM and 0. 8 pul of Fugene
HD (manuf act ur ed by Promega Cor porati on) was added t hereto
and then stirred. The resultant was further m xed with
100 pl of the culture solution, then added to the HEK293
cells, and cultured for 20 hours.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed using an | X-81 inverted m croscope and an
ORCA- Fl ash 4. 0digital canmera. AU-MNIBA3filter was used
for theobservation. Thehomodi mer formati onof t he FKBP12
nmut ant was i nduced by addi ng 500 nM B/ B Honmodi meri zer to
the medium In addition, after the drug was added, the

resul tant was | eft standi ngat roomtenperature. Thecells
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wer e observed after 3 hours el apsed. Fig. 24 shows i mages
obt ai ned before the drug addition and 3 hours after the
addi tion.

As apparent from the result shown in Fig. 24,
fluorescent focus formations attri butabletothe addition
of the drug for inducing the homodi mer formati on of the
Tankyrase- mMAGl- FKBP12 nutant were observed in cells
expressing this mutant. Thus, it was confirmed that if
a protein was capable of forming a nultimer, the protein
was utilizable in the present invention.

(Exampl e 10)

As i n Exanpl e 9, it was confirmed that proteins other
t han t he PB1 domai n of the p62 proteinwere alsoutilizable
as a nmultimerizable protein in the present invention.
Specifically, a SAMdonmai n of a Tankyrase 1 protein, a PB1
domai n of a PKCi ota protein, a SAMdomai n of a TEL pr ot ein,
or a SAM domain of a DGK delta protein was used in place
of the PB1 domain in the method descri bed in Example 3,
and the homonultimer formation of the p53 protein was
detected using materials and met hods descri bed bel ow.

<Preparation of pTankyrase- hmAGl- p53>

A vector (pTankyrase-hmAGl-p53) for expressing a
protein (Tankyrase- mMAGl- p53) conposed of the SAM domai n
of the Tankyrase 1 proteinand mAGL fusedto the N-term nus
of p53 was prepared as foll ows.

A DNA sequence was artificially synthesized which
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encoded a protein (Tankyrase-mAGl, the protein had the
am no aci d sequence of SEQI DNO:. 43) conposed of mAGL f used
totheC-term nus of t he SAMdomai n of t he Tankyrase 1 protein,
and which had a Nhel recognition sequence at the 5 end
and an Agel recognition sequence at the 3" end. The DNA
was cl eaved wi t h Nhel and Agel, and then insertedintothe
phmAGLPB1- p53 which had been treated with the sanme
restriction enzymes, and fromwhi ch the hmAGLPB1 portion
had beenrenoved. Thus, apTankyrase- hmAGl- p53 vect or was
prepared.

<Preparation of pPKCi-hmAGl-p53>

A vector (pTankyrase-hmAGl-p53) for expressing a
protein (PKCi - mMAGLl- p53) composed of t he PB1 domai n of the
PKCi ota protein and mAGlL fused to the N-term nus of p53
was prepared as foll ows.

A DNA sequence was artificially synthesized which
encoded a protein (PKCi-mAGl, the protein had the am no
aci d sequence of SEQ I D NO. 45) composed of mAGL fused to
the C-term nus of the PBl1 domai n of the PKCi ota protein,
and which had a Nhel recognition sequence at the 5 end
and an Agel recognition sequence at the 3" end. The DNA
was cl eaved wi t h Nhel and Agel, and then insertedintothe
phmAGLPB1- p53 which had been treated with the sanme
restriction enzymes, and fromwhi ch t he hmAGl- PB1 portion
had been renmpved. Thus, a pPKCi-hmAGl- p53 vector was

prepared.
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<Preparation of pTEL-hmAGl-p53>

A vector (pTEL-hmAGLl-p53) for expressing a protein
( TEL- MAGL- p53) conposed of t he SAMdonai n of t he TEL protein
and mMAGlL fused to the N-term nus of p53 was prepared as
fol |l ows.

A DNA sequence was artificially synthesized which
encoded a protei n (TEL- mMAGL1, t he protei n hadthe am no aci d
sequence of SEQ I D NO: 47) conposed of mAGl fused to the
C-term nus of the SAMdomai n of t he TEL protein, and which
had a Nhel recognition sequence at the 5 end and an Agel
recogni tion sequence at the 3' end. The DNA was cl eaved
with Nhel and Agel, and then inserted into the
phmAGl- PB1- p53 which had been treated with the sanme
restriction enzynmes, and fromwhi ch t he hmAGl- PB1 portion
had been renoved. Thus, a pTEL- hmAGl- p53 vector was
prepared.

<Preparation of pDGKd-hmAGl-p53>

A vector (pDGKd- hmAGl- p53) for expressing a protein
( DGKd- mAGL- p53) conmposed of t he SAMdonai n of t he DGK del t a
proteinand mAGl fusedtothe N-term nus of p53 was prepar ed
as follows.

A DNA sequence was artificially synthesized which
encoded a protein (DGKd-mAGlL, the protein had the am no
aci d sequence of SEQID NO. 49) conmposed of mAGL fused to
the C-term nus of the SAMdomai n of the DCGK delta protein,

and whi ch had a Nhel recognition sequence at the 5 end
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and an Agel recognition sequence at the 3" end. The DNA
was cl eaved wi t h Nhel and Agel, and then insertedintothe
phmAGLPB1- p53 which had been treated with the sanme
restriction enzymes, and fromwhi ch t he hmAGl- PB1 portion
had been renmpved. Thus, a pDGKd- hmAGl- p53 vector was
prepared.

<Cell Culturing and Transfection>

HEK293 cells were cultured in DMEM (high glucose)
suppl emented with 10%FBS and 1%penicillin-streptomycin.
Then, on the day before the transfection, the cells were
seeded onto an 8-well chanber slide, and cultured in 200
ML of the culture solution per well. Subsequently, a DNA
sol ution was prepared by m xi ng 200 ng of the plasm d with
10 pL of Opti MEM and 0. 8 pul of Fugene HD was added t hereto
and then stirred. The resultant was further m xed with
100 pl of the culture solution, then added to t he HEK293
cells, and cultured for 48 hours.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
wer e observed using an | X-81 inverted m croscope and an
ORCA- Fl ash 4. 0digital canera. AU-MNIBA3filter was used
for the observation. Fig. 25 shows the obtained result.

As apparent from the result shown in Fig. 25,
fluorescent focus formati ons i ndicating the homonul ti mer
formati on of p53 were observed in all of cells expressing

t he Tankyrase- mMAGl- p53, cells expressing t he
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PKCi - mMAGl- p53, cells expressing the TEL-mAGL-p53, and
cells expressing the DGKd-mAGL-p53. Thus, it was
confirmed that any protein capable of forming a multimer
was utilizable in the present invention.
(Exampl e 11)

It was confirnmed by a met hod descri bed bel ow t hat
t he present i nventi on was capabl e of detecti ng a honodi mer
formedi namanner dependent onasi gnal transducti on. When
a signal transducti on pat hway i nvol vi ng EGF, GPCR, and so
forth is activated, ERK2 |ocated downstream thereof is
phosphoryl ated and activated. In addition, it has been
known t hat ERK2 f or ms a honodi mer after the activation (see
Harvey CD et al., Proc Natl Acad Sci USA, 2008, vol. 105,
no. 49, pp. 19264 to 19269, Khokhl atchev AV et al., Cell,
1998, vol. 93, iss. 4, pp. 605t0615). Hence, thedetection
of this homodi mer formati on was tested according to the
present invention. Note that, in this confirmation
experiment, a PBl domain of a p62 protein was used as the
mul timerizabl e protein, and a mAGl protei n was used as t he
fluorescent protein. Additionally, it has also been
reveal ed that the ERK2 activation takes place in the
cytoplasm and the nucl eus (see Ebisuya Met al., J Cell
Sci., 2005, 118 (Pt 14), pp. 2997 to 3002).

<Pr eparation of pPERK2- hmAGl- PB1 and
pERK2- PB1- hmAGl>

Vectors (pERK2- hmAGl- PB1 and pERK2- PB1- hmAGl) f or
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expressing proteins (ERK2-mAGLl- PB1 and ERK2-PBl- mAGl)
each conposed of mAGl and t he PB1 domai n of the p62 protein
fused to the C-term nus of ERK2 were prepared as foll ows.

A nucl eoti de sequence was desi gned i n which an Xhol
recogni tion sequence and a Notl recognition sequence were
respectively added to the 5 end and the 3' end of a
nucl eoti de sequence encodi ng ERK2 (a protein having the
am no acid sequence of NCBI RefSeq ACCESSION No:
NP_002736.3). Then, aDNAhavingtheresultingnucleotide
sequence was artificially synthesized, and cl eaved with
Xhol and Notl. Meanwhi |l e, phmAGl- PB1- MNLi nker and
pPB1- hmAGLl- MNLi nker weretreatedw th a conbi nati on of t he
samerestrictionenzymes. Subsequently, thesynthetic DNA
fragment was inserted into these vectors. Thus, vectors
( pPERK2- hmAGl1- PB1 and PERK2- PB1- hmAGl) encodi ng
ERK2- mMAGl- PB1 and ERK2- PB1- mMAGl wer e prepared.

<Cell Culturing and Transfection>

HEK293 cells were selected as cells into which the
expression vectors prepared above were i ntroduced. The
cells were first <cultured in DMEM (high glucose)
suppl emented with 10% FBS ( manuf actured by Equitech-Bio
Inc.) and 1% penicillin-streptomycin. Then, on the day
before the i ntroducti on of the expressi on vectors, these
cells were seeded onto a 35-mmdi sh, and cultured in 1.5
m of the culture solution. Subsequently, 1 pg of the

expression vector (pERK2-hmAGl-PB1 or pERK2-PBl- hmAGl)
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was diluted with 100 pL of Opti MEM and 10 pL of
Pol yFect (regi stered trademark) Transfecti on Reagent was
added thereto andthenstirred. Theresultant was further
m xed with 600 pL of the culture solution. Thereafter,
each sol ution of the expression vectors was added to the
culturedcells. ThepERK2-hmAGLPBltransfectedcell swere
observed 20 hours after the vector introduction. To the
PERK2- PB1- hmAGl transfected cells, (418 was added at a
concentrati on of 500 pg/ m., and further cultured for one
week. After that, viable cells were detached using a
trypsin solution, diluted with a culture solution
containing 418 (500 pg/ m ), andthenculturedina96-well
plateat 0.5cells/well. Subsequently, cells whichfornmed
single colonies were cultured to expand.

<Observation of Cells>

After the transfection treatment, the HEK293 cells
were cul turedfor 4 hoursinabuffer at pHof 7.4 cont ai ni ng
Hanks’ Bal anced Salt Sol utions and 20 mM HEPES, so that
the cel | s were under aserum starved condition. Then, the
cells were observed using an I X-71 i nverted fl uorescence
m croscope (the magni fi cati on of the objectivelens: 20x),
a U-MGFPHQ filter, and an ORCA-ER digital canera. The
homodi mer formation of ERK2 was induced by adding EGF
(epidermal growth factor, manufactured by Sigma-Aldrich
Co.) tothe buffer tothe final concentrati on of 50 ng/ nl.

Figs. 26 and 27 show i mmges before the EGF addition and
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8 mnutes after the addition.

As apparent fromthe result shown in Fig. 26, no
fluorescent focus was detected before EGF was added, and
fluorescent signals were dispersedly observed in the
cyt opl asns. Then, 8 mnutes after the EGF addition,
fluorescent foci were observed in nmultiple cells.

Mor eover, as apparent fromthe result shown in Fig.
27, fluorescent foci indicating the homodi mer formation
of ERK2 were detected throughout HEK293 cells
constitutively expressing the ERK2-PBl- hmAGL.

Thus, it was confirmed that the present invention
was capabl e of detecting the homodi mer formati on of ERK2
attri butabletotheactivationof theintracellular signal
transduction pathway. Moreover, the present invention
confirmed that detecting a fluorescent focus enabl ed
detection of an activation attributable to the
phosphoryl ati on of ERK2, and al so eventual l y anactivation
of asignal transducti on pat hway i nvol vi ng EGFand soforth
| ocat ed upstream of ERK2.

(Exampl e 12)

It was confirmed by a met hod descri bed bel ow t hat
t he present i nventi on was capabl e of detecti ng a homodi mer
formed in a manner dependent on a signal transduction.
Specifically, whenasignal transducti on pat hway i nvol vi ng
IL-6 and so forth is activated, STAT3 | ocated downstream

t hereof i s phosphoryl ated and activated. |Inaddition, it
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has been known that STAT3 forns a honodi mer after the
activationandtransmtsthe extracellular signal intothe
nucl eus (see Becker Set al., Nature, 1998, vol. 394, nol.
6689, pp. 145to 151, Johnston PAet al., Mol Interv., 2011,
vol. 11, no. 1, pp.18to 26). Hence, the detection of the
STAT3 honodi mer formati on was tested according to the
present 1invention. Note that, in this confirmation
experiment, a PBl domain of a p62 protein was used as the
mul ti meri zabl e protein, and a mAGL pr ot ei n was used as t he
fluorescent protein.

<Preparation of pPBl-hmAGl- STAT3>

Avector (pPBl- hmAGl- STAT3) for expressingaprotein
(PB1- MAGl- STAT3) conposed of the PBl1 domain of the p62
protein and mMAGL fused to the N-term nus of STAT3 was
prepared as follows.

A nucl eoti de sequence was desi gned i n which an Xhol
recogni ti on sequence was addedtothe 5" end of anucl eotide
sequence encodi ng STAT3 (a protein having the am no acid
sequence of NCBI Ref Seq ACCESSI ON No: NP_644805.1) while
the stop codon and a Notl recognition sequence were added
tothe3' endof thenucl eoti desequence. Then, a DNAhavi ng
the resulting nucleotide sequence was artificially
synt hesi zed, cl eaved wi t h Xhol and Notl, and theninserted
into pPBl-hmAGl- MCLi nker having been treated with a
combi nation of the same restriction enzynes. Thus,

pPB1- hmAGl- STAT3 was prepared.
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<Cell Culturing and Transfection>

HEK293 cells were selected as cells into which the
expression vector prepared above was introduced. The
cells were first <cultured in DMEM (high glucose)
suppl emented with 10%FBS and 1%penicillin-streptomycin
Then, on the day before theintroduction of the expression
vector, these cells were seeded onto a 35-mm di sh, and
culturedinl1l.5m of theculturesolution. Subsequently,
1 pg of the expression vector (pPBl-hmAGl-STAT3) was
diluted with 100 pL of OptiMEM and 10 puL of
Pol yFect (regi stered trademark) Transfecti on Reagent was
added t hereto andthenstirred. Theresultant was further
m xed with 600 puL of the culture solution. Thereafter,
the m xture solution of the expression vector was added
totheculturedcells. After that, G418 was added t hereto
at a concentration of 500 pug/ mL, and further cultured for
one week. Next, viablecellsweredetachedusingatrypsin
solution, dilutedwith aculture solution containing G418
(500 pg/ M), and then cultured in a 96-well plate at 0.5
cells/well. Subsequently, cells which formed single
col onies were cultured to expand.

<Observation of Cells>

The HEK293 cells constitutively expressing the
PB1- mMAGl- STAT3 were cul tured for 4 hours in a buffer at
pH of 7.4 containing Hanks’ Bal anced Salt Sol uti ons and

20 mMM HEPES, so that the cells were under a serum st arved
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condition. Then, the cells were observed using an | X-71
invertedfluorescencem croscope (themagnificationofthe
obj ective lens: 20x), a U-MGFPHQ filter, and an ORCA- ER
digital canera. The homodi mer formation of STAT3 was
i nduced by addi ng Human Reconbi nant |1 L-6 (manufactured by
R&D SYSTEMS, I NC.) tothe buffer tothe final concentration
of 100ng/ mM . Fig. 28shows i mages beforethellL-6addition
and 50 m nutes after the addition.

As apparent fromthe result shown in Fig. 28, no
fluorescent focus was detected before | L-6 was added, and
fluorescent signals were dispersedly observed in the
cytoplasnms. Then, 50 m nutes after the IL-6 addition,
fluorescent foci were observed in multiple cells.

Thus, it was confirmed that the present invention
was capabl e of detecting the homodi mer formati on of STAT3
attributabletotheactivationof theintracellul ar signal
transducti on pathway. Moreover, the present invention
confirmed that detecting a fluorescent focus enabl ed
detection of an activation attributable to the
phosphoryl ati onof STAT3, andal soeventual |l yanactivati on
of asignal transducti onpat hwayinvolvinglL-6andsoforth
| ocat ed upstream of STAT3.

(Exampl e 13)

As described in Exanples 1 to 12, it was reveal ed

that the systens shown in Figs. 1 and 2 were effective in

determ ning a protein-protein interaction. Next, the
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present inventors came up with a systemshown in Fig. 3
as anot her enbodi ment of such systens.

Specifically, whenathirdfusionproteincomprising
a first protein and a nultimerizable protein, a fourth
fusion protein conmprising a second protein and a
mul ti merizable protein, and a fifth fusion protein
comprising a multimerizable protein and a fluorescent
protein are expressedinacell or introducedinto acell,
the multimerizabl e proteins associates with each ot her.
Thereby, thethirdfusionproteinbindstothefifthfusion
proteinwhilethe fourth fusionproteinbindstothefifth
fusion protein, SO t hat proteins respectively
corresponding to the first fusion protein and t he second
fusion protein shown in Figs. 1 and 2 are presumably
expressed in the cell. Moreover, if such a presunption
Is correct, as in the cases of the systenms shown in Figs.
1 and 2, the following is presumed also fromthe system
shown in Fig. 3: an interaction if any between the first
protein and the second proteininduces nmultimer formation
bet ween t he mul ti merizabl e protein and anot her
mul ti merizable protein; thereby, the fusion proteins
aut ononousl y f or man assenbly, andthe fl uorescent protein
containedinthefusionproteinisdetectedasafl uorescent
focus.

Hence, the effecti veness of the systemshown in Fig.

dindeterm ningaprotein-proteininteracti onwasexam ned
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using materi als and met hods descri bed bel ow. Note that
the detectiontarget inthisexam nationwas aninteraction
bet ween a p53 protei nand an MNDM2 protein, andthat Nutlin-3
known as an i nhi bitor agai nst theinteracti onwas al so used
in this exam nation (see Vassilev LT et al., Science,
February 6, 2004, vol. 303, no. 5659, pp. 844 to 848).
Further, inthis exam nation, a PB1 domai n of a p62 protein
was used as the nmul ti meri zabl e protein, and a hmAGl protein
was used as the fluorescent protein.

<Preparation of pp53-PBl1 and pPB1- NDM2>

To express in cells the third and fourth fusion
proteins according to the present invention, that is, a
fusion protein (p53-PBl) conprising the p53 protein and
t he PB1 domai n of the p62 proteinaswell asafusionprotein
(PB1- MDM2) conmprising the VMDM2 protein and t he PB1 donmai n
of the p62 protein, expressionvectors encodi ngthe fusion
proteins were prepared by methods described bel ow.

A DNA (the DNA havi ng t he nucl eoti de sequence of SEQ
ID NO: 33) was artificially synthesi zed whi ch cont ai ned
restriction enzynme sites at either end of a nucleotide
sequence encodi ng a portion of the p53 protein (a region
havi ng the am no acids frompositions 1 to 70 of the p53
protein, the region had the am no aci d sequence of SEQID
NO:. 34, hereinafter alsoreferredtoas "p53(70)"). Then,
t he obt ai ned synt heti ¢c DNAwas cl eaved wi t h EcoRI and Xhol ,

and i nserted i nto pAsh- MNLi nker (manufactured by MEDI CAL
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& Bl OLOGI CAL LABORATORI ES CO., LTD.) having been treated
wi t h aconbinationof thesanerestrictionenzynes. Thus,
an expression vector (pp53(70)-PBl) encodi ng p53(70)-PB1
was constructed. Note that inserting a DNA encoding a
certain protein into a multiple cloning site of the
pAsh- MNLi nker in accordance with the reading frame all ows
an expression, incells, of aproteinhavinganAsh protein
tag (the PBl1 domain of the p62 protein) fused to the
C-term nus of the certain protein via a |linker peptide.

Moreover, a DNA (the DNA having the nucleotide
sequence of SEQ I D NO:. 35) was artificially synthesized
whi ch contained restriction enzynme sites at either end of
a nucl eoti de sequence encodi ng a portion of MDM2 (a regi on
havi ng t he am no acids frompositions 1to 119 of the VDWW
protein, the region had the am no aci d sequence of SEQID
NO: 36). Then, the obtai ned synthetic DNAwas cl eavedwith
EcoRI and Xhol, and inserted into pAsh-MCLi nker
(manufactured by MEDI CAL & Bl OLOGI CAL LABORATORI ES CO. ,
LTD.) having been treated with a combi nati on of the sane
restriction enzynmes. Thus, an expression vector
(pPB1- MDM2) encodi ng PB1- MDM2 was constructed. Notethat
inserting a DNA encoding acertainproteinintoanultiple
cloning site of the pAsh-MCLi nker in accordance with the
readi ng frame al | ows an expression, incells, of aprotein
havi ngan Ash proteintag (the PB1 domai nof the p62 protein)

fusedtothe N-term nus of thecertainproteinviaalinker
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pepti de.

<Preparation of phmAGlLPB1>

To express the fifth fusion protein in cells, an
expressionvect or was preparedby amethod descri bed bel ow.
Specifically, first, a DNA havi ng the nucl eoti de sequence
of SEQ ID NO: 37 was artificially synthesized which
contained restriction enzyme sites at either end of a DNA
havi ng a nucl eoti de sequence encodi ng the PB1 domai n of
the p62 protein (the DNAencodi ng a proteinhavingthe am no
acid sequence of SEQ ID NO 38). Then, the obtained
syntheti c DNAwas cl eaved wi t h ECoRI and Notl, andi nserted
into phmAGl- MCLi nker (manufactured by |limted conpany
Amal gaamCo., Ltd.) having beentreated with a conbi nati on
of the same restriction enzymes. Thus, an expression
vector (phmAGl- PB1) encodi ng a fusi on protein ( mMAGl- PB1)
composed of MAGL and t he PB1 domai n of the p62 protein was
constructed.

<Preparation of Cells Constitutively Expressing
mAGl- PB1>

Next, the phmAGl- PB1 prepared above was i ntroduced
into HeLaS3 cells to establish cells constitutively
expressing the fifth fusion protein (mAGl-PB1) according
to the present invention. Specifically, first, HelLaS3
cells were cultured in DMEM (| ow gl ucose, manuf actured by
S| GMA ALDRI CHCO. ) suppl enented wi t h 10%FBS ( manuf act ur ed

by Equitech-Bio Inc.). Then, on the day before the
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transfection, the HeLaS3 cells were seeded onto a 35-mm
di sh (manufactured by BD Fal con) and cultured in 1.5 mL
of the culture solution. Subsequently, 1 pg of the
phmAGl- PB1 was di | utedwi th 100 pL of Opti MEM( manuf act ur ed
by Life Technologies Corporation), and 10 puL of
Pol yFect (regi stered trademark) Transfection Reagent
(manuf actured by QN AGEN N. V.) was added thereto and t hen
stirred. The resultant was further m xed with 600 pL of
theculturesolution, thereafter addedtothe HeLaS3 cel | s,
and cultured for 20 hours. After that, G418 was added
thereto at a concentration of 500 pg/nmL, and further
cul tured for one week. Next, viable cells were detached
using atrypsinsolution, diluted with a culture solution
containing 418 (500 pg/ m ), andthenculturedina96-well
plateat 0.5cells/well. Subsequently, cells whichfornmed
single colonies were cultured to expand.

<Cell Culturing and Transfection>

To additionally express the p53(70)-PBl1 and the
PB1-MDM2 in the cells constitutively expressing the
mAGl- PB1, the pp53(70)-PB1 and the pPBl-MDM2 were
introduced into the cells by a method descri bed bel ow.

Specifically, first, the <cells <constitutively
expressing the mAGl- PB1 est abli shed above were cul tured
i n DVEM ( hi gh gl ucose, manuf actured by SI GMA ALDRI CH CO. )
suppl emented with 10% FBS (Equitech-Bio Inc.) and 1%

penicillin-streptomycin(LifeTechnol ogi es Corporation).
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Then, on the day before the transfection, the cells were
seeded onto an 8-wel | chamber slide (manufactured by Nunc
A/'S), and cultured in 200 pL of the culture solution per
wel | . Subsequently, a DNAsol ution prepared by m xi ng 100
ng of each of t he pp53(70) - PB1 andthe pPB1- MDM2 was di | ut ed
with 10 pL of Opti MEM (manuf actured by Life Technol ogi es
Cor poration). Thereafter, 0.4 pL of Tur bof ect
(manuf actured by Thernmo Fi sher Scientific lnc.) was added
theretoandthenstirred. Theresultant was further m xed
with 100 pl of the culture solution. After that, the
obt ai ned m xture sol uti on was added to the cultured cells
and cultured for 20 hours.

Meanwhi | e, as negative controls, a DNA solution
prepared by m xi ng 100 ng of each of the pp53(70)-PB1 and
pAsh- MNLi nker, and a DNA sol uti on prepared by m xi ng 100
ng of each of the pPBl1-MDM and pAsh-M\Li nker were
respectively introduced into the cells constitutively
expressingthe mAGl- PB1 by t he same met hod as t hat descri bed
above.

<Observation of Cells>

Thethreetypes of cell s prepared above and descri bed
bel ow wer e observed by the met hod descri bed i n Exanpl e 1:

cells constitutively expressing the mAGl-PBl1 and
further expressing the p53(70)-PB1 and the PB1l- MDMZ;

cells constitutively expressing the mAGl-PB1 and

further expressing the p53(70)-PB1 and the PB1 domai n of
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the p62 protein (negative control); and

cells constitutively expressing the mAGl- PB1 and
further expressing the PB1- MDM and t he PB1 domai n of the
p62 protein (negative control).

Fig. 29 shows the obtained result.

Mor eover, to the cells expressing the p53(70)-PB1
and the PB1-MDM2, Nutlin-3 was added to the final
concentrati onof 20 uM  Then, thecell s were al so observed
under a condition of inhibiting the interaction between
p53 and MDM2. Fig. 30 shows the obtained result. Note
that Fig. 29 shows the result of the observation with a
20x magni ficati on of the objective I ens as in Exanmple 1,
while Fig. 30 shows the result of the observation with a
40x magni fication of the objective |ens.

As apparent from the result shown in Fig. 29,
fluorescent foci were detectedinthecells expressingthe
mAGl- PB1, t he p53(70)-PB1, and the PB1- MDM2 (see t he i mage
ontheleft inFig. 29). Onthe other hand, no fl uorescent
focus was detected in the cells expressing the mAGL- PB1,
the p53(70)-PBl, and the PB1 domain of the p62 protein,
and in the cells expressing the mAGl- PB1, the PB1l- MDM2,
and the PB1 domain of the p62 protein.

Further, Nutlin-3 was added to the cells fromwhich
the fl uorescent foci were detected, and observed 15 m nut es
t hereafter. As a result, the fluorescent foci were

extingui shed as shown in Fig. 30. Thus, it was confirmed
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that the fluorescent foci were formed dependently on the
interaction between p53 and NDM2.
(Exampl e 14)

As in Example 13, the effectiveness of the system
shown in Fig. 3 in determning a protein-protein
interaction was confirmed by a method described bel ow.
Not e t hat the detection target in this exam nation was a
protein-proteininteraction between mlfOR(FRB domai n) and
a FKBP12 protein. Moreover, to induce the interaction,
rapanmycin was al so used inthis system Further, inthis
confirmati on experi ment, a PB1 domai n of a p62 protein was
used as the mul timeri zabl e protein, and a mMAGL pr ot ei n was
used as the fluorescent protein.

<Preparation of pmlfrOR(FRB domai n) - PB1>

A vector for expressing a protein (mlOR(FRB
domai n) - PB1) conposed of the PB1 domai n of the p62 protein
fused to the C-term nus of mMIMOR(FRB domai n) as the third
fusion protein according to the present invention was
prepared as descri bed in Exanple 5.

<Preparation of pPBl-mlOR(FRB domai n) >

A vector (pPBl-mlOR(FRB domain)) for expressing a
protein (PBl1- mTOR(FRB domai n)) conposed of the PB1 domain
of the p62 protein fused to the N-term nus of mMIOR(FRB
domai n) asthethirdfusionproteinaccordingtothepresent
i nventi on was prepared as foll ows.

A DNA was artificially synthesized which contained
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recognition sites of restrictionenzymes (EcoRI and Xhol)
and the stop codon at either end of a nucl eoti de sequence
encodi ng MIMOR( FRB domai n). Then, the obtained synthetic
DNA was cleaved with EcoRl and Xhol, and inserted into
pAsh- MCLi nker havi ng been treated with a conmbi nati on of
the same restriction enzynmes. Thus, an expressi on vect or
(pPB1- mMTOR( FRB domai n) ) encodi ng PB1- mITOR( FRB domai n) was
constructed.

<Preparation of pFKBP12-PBl>

A vector (pFKBP12-PBl) for expressing a protein
( FKBP12- PB1) conposed of t he PB1 domai n of the p62 protein
fusedtothe C-term nus of the FKBP12 protein as the fourth
fusion protein according to the present invention was
prepared as follows.

A DNA was artificially synthesized which contai ned
EcoRI and Xhol recognitionsites  respectively at both ends
of a nucl eoti de sequence encodi ng t he FKBP12 protein (the
protein having the am no acid sequence of NCBI Ref Seq
ACCESSI ON No: NP_463460.1). Then, the obtained synthetic
DNA was cleaved with EcoRl and Xhol, and inserted into
pAsh- MNLi nker havi ng been treated with a conmbi nati on of
the same restriction enzynmes. Thus, an expressi on vect or
(pFKBP12- PB1) encodi ng FKBP12-PB1 was construct ed.

<Preparation of pPBl-FKBP12>

A plasm d vector (pPBl-FKBP12) for expressing a

protein (PBl- FKBP12) conposed of the PB1 domai n of the p62
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protein fusedtothe N-term nus of FKBP12 protein as the
fourth fusion protein according to the present invention
was prepared as described in Exanple 5.

<Cell Culturing and Transfection>
(A) PB1- mTOR(FRB domai n), PB1-FKBP12, and mAGLPB1
(B) PB1-mTOR(FRB domai n), FKBP12-PB1, and mAGLPB1
(C) mTOR(FRB donmi n) - PB1, PB1- FKBP12, and mAGLPB1
(D) mTOR(FRB domai n) - PB1, FKBP12-PB1, and mAGLPB1

To express the fusion proteins in combinations
accordingtotheabove(A) to(D), eachvector wasi ntroduced
into HEK293 cells by a method descri bed bel ow.

Specifically, first, HEK293 cells were cultured in
DVEM (high glucose) supplenented with 10% FBS and 1%
penicillin-streptomycin. Then, on the day before the
transfection, the cells were seeded onto a 96-well
mul tiwell plate, and cultured in 140 pL of the culture
sol ution per well. Subsequently, a DNA sol uti on prepared
by m xi ng 133 ng of each of the plasm d vectors was dil uted
with 10 pL of Opti MEM Thereafter, 0.8 pL of Fugene HD
was added thereto and then stirred. The resultant was
further m xed with 90 pl of the culture solution. After
that, the obtained m xture solution was added to the
cultured cells and cultured for 20 hours.

<Observation of Cells>

The culture solution of the cells prepared above was

di scarded, and 100 pL of a buffer at pH7. 4 cont ai ni ng Hanks’
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Bal anced Salt Sol utions and 20 mM HEPES was added. Then,
the cells were observed using IN Cell Analyzer 1000.
Mor eover, rapanycin was added to each well to the fina

concentration of 500 nM After left standing at room
tenperature for 1 hour, the cells were observed. Fig. 31
shows the obtained result.

As apparent fromthe result shown in Fig. 31, no
fluorescent focus was detected in any cells before
rapamyci n was added. However, as a result of adding
rapamycin, fluorescent foci were detected. As described
above, sincethefluorescent foci weredetectedinamnner
dependent on rapanycin, it was confirmed that the
fluorescent foci wereformeddependentlyontheinteraction
bet ween MIOR(FRB domai n) and FKBP12. Moreover, this
Exanpl e al so confirmed that the protein tag according to
the present invention (the protein conprising the
mul ti merizable protein or the fluorescent protein)
functioned even when fused to any of the N-term nus and
the C-term nus of the analysis-target protein.

Her ei nabove, the present invention revealed as
described in Exanples 4 and 5 that it was possible to
determ ne a protein-proteininteractional sobyutilizing
an associ ati on between the multi meri zabl e protein and t he
fluorescent protein in a cell as a result of an
aut ononopus- associ ati onbetweenthenmulti meri zabl eprotein

and another nmultimerizable protein as shown in Fig. 3.
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Further, since the cells constitutively expressing the
fifth fusion protein according to the present invention
wer e successfully established, it was confirmed that the
protein exhibited no cytotoxicity and the |ike.

Mor eover, in the method shown in Fig. 3, the protein
fusedtoproteinstobeanal yzed (first andsecond proteins)
was a multimerizable protein. On the other hand, in the
met hods showninFigs. 1and2, theproteinfusedtoproteins
to be anal yzed i ncl udes a fluorescent proteininaddition
to a nultimerizable protein. Thus, the method shown in
Fig. 3 allows a reduction in the nol ecul ar wei ght of the
protein tag fused to the proteins to be analyzed, in
comparison with the methods shown in Figs. 1 and 2.
Therefore, the functions of the proteins to be analyzed
are hardly affected.

Furthernore, in the method shown in Fig. 3, cells
constitutively expressing the fusion protein comprising
the fluorescent protein are prepared in advance as
descri bed in Exanple 4. This reduces the influence of a
variationinthe fluorescent signals amongthe cells, even
if the fusion proteins conprising the proteins to be
analyzed are transiently expressed in these cells. This
makes it possible to nmore stably determne a
protein-protein interaction.

(Exampl e 15)

As descri bed above, it was reveal ed t hat the systens
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shown in Figs. 1 to 3 were effective in determning a
protein-proteininteraction. Next, thepresent inventors
came up with asystemshown in Fig. 4 as anot her embodi ment
of these systens.
Specifically, whenafirst | abel edproteinconprising
anaffinitytagandafirst protein, asecondl| abel edprotein
comprisinganaffinitytagandasecondprotein, andasixth
fusion protein conmprising a nultimerizable protein, a
fluorescent protein, and a binding partner having an
affinity for any of the affinity tags are expressed in a
cell or introduced into a cell, each affinity tag binds
tothebindingpartner. Thereby, thefirst | abel edprotein
bi nds to the sixth fusion protein conprising the binding
partner bound thereto while the second | abeled protein
bi nds to the sixth fusion protein conprising the binding
partner bound thereto, so that proteins respectively
corresponding to the first fusion protein and t he second
fusion protein showninFigs. 1 and 2 are expressed inthe
cell. Moreover, as in the cases of the systens shown in
Figs. 1 and 2, when these proteins are expressed, an
interactionif any betweenthefirst proteinandthesecond
protein I nduces mul ti mer formati on bet ween t he
mul ti merizable protein and another mul timerizabl e
protein; thereby, the fusion proteins autononmously form
an assembly, and the fl uorescent protein containedinthe

fusion protein is detected as a fluorescent focus.

156



10

15

20

25

Then, the effectiveness of the systemshown in Fig.
4 in determning a protein-protein interaction was
confirmed using materials and net hods descri bed bel ow.
Note that the detection target in this confirmation
experi ment was honodi mer formati on of acell transmenbrane
protein CD80. |In addition, a cell transmenmbrane protein
CD2 known to be present in the formof monomer in cells
was also used as the negative control (as to the
protein-proteininteractions of these proteins, see Janmes
JR et al., Nat Methods., 2006, vol. 3, nol. 12, pp. 1001
to 1006).

<Preparation of pCD80-FRB>

The mMITOR(FRB domai n) was selected as the affinity
tag. To express a CD80 protein (CD80-FRB) having thistag
fused thereto as the first and second | abel ed proteins in
cells, a pCD80-FRB vector was prepared as foll ows.

First, a DNA was artificially synthesized which
contai ned BanHI and EcoRl recognition sequences
respectivel y at bot hends of anucl eoti de sequence encodi ng
CD80 (aproteinhavingtheam noaci dsequence of NCBI Ref Seq
ACCESSI ON No: NP_005182.1). Then, the obtained synthetic
DNA was cl eaved with BamH and EcoRI, and inserted into
phmAGl- MNLi nker havi ng beentreated with a conbi nati on of
the same restriction enzynmes. Thus, a pCD80- hmAGl vect or
was constructed.

Next, a DNA was artificially synthesized which
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cont ai ned Agel and Xbal recognition sequences andthe stop
codon at either end of a nucleotide sequence encoding
MIOR( FRB domai n). Then, the obtained synthetic DNA was
cleaved with Agel and Xbal, and inserted into the
pCD80- hmAGl whi ch had been treated with a combi nati on of
the same restriction enzynes, and from which the hmAGl
regi on had been renoved. Thus, an expression vector
(pCD80- FRB) encodi ng CD80- FRB was construct ed.
<Preparation of pCD2-FRB>

As descri bed above, toexpress aCD2protein(CD2- FRB)
having the affinity tag mlrOR( FRB domai n) fused thereto as
the first and second | abel ed proteins in cells, a vector
was prepared as foll ows.

First, a DNA was artificially synthesized which
contai ned BanHI and EcoRI recognition sequences
respectivel y at bot hends of anucl eoti de sequence encodi ng
a CD2 protein (the protein having the am no acid sequence
of Genbank ACCESSI ON No: AAA51946.1). Then, the obtained
synt heti c DNAwas cl eaved wi t h BanHI and EcoRIl, andi nserted
I nt o phmAG1- MNLi nker havi ngbeentreatedw thaconbi nati on
of the same restriction enzymes. Thus, pCD2-hmAGlL was
constructed.

Next, a DNA was artificially synthesized which
cont ai ned Agel and Xbal recognition sequences andthe stop
codon at either end of a nucleotide sequence encoding

MIOR( FRB domai n). Then, the obtained synthetic DNA was
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cl eavedwi t h Agel and Xbal, andi nsertedintothe pCD2- hmAGl
whi ch had been treated with a conbination of the same
restriction enzymes, and fromwhich the hmAGl regi on had
been renoved. Thus, an expression vector (pCD2-FRB)
encodi ng CD2- FRB was construct ed.

<Preparation of pPBl-hmAGl- FKBP12>

FKBP12 was sel ected as the binding partner having
an affinity for the affinity tag, a PB1 domai n of p62 was
selected as the nmultinmerizable protein, and mMAGL was
sel ectedasthefluorescent protein. Moreover, toexpress
PB1- hmAGl- FKBP12 conmposed of t hese proteins fused to each
other as the sixth fusion protein in cells, a
pPBl1- hmAGl- FKBP12 vector was prepared as described in
Exanpl e 5.

<Cell Culturing and Transfection>

To express the fusion proteins in a conbination
accordingtothe followi ng (A) or (B), the plasm d vectors
prepared above werei ntroducedi nt o HEK293 cel | s by a met hod
descri bed bel ow;
(A) CD80-FRB and PB1- mAGl- FKBP12; and
(B) CD2-FRB and PBl- mAGl- FKBP12.

Specifically, first, HEK293 cells were cultured in
a culture solution (DMEM high glucose, 10% FBS, 1%
penicillin-streptonycin). Then, on the day before the
transfection, thecells wereseededontoan8-well chanber

and cultured in 100 pL of the culture solution per well.
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Subsequently, a DNA sol ution prepared by m xi ng 200 ng of
each of the plasmds was diluted with 10 pL of Opti MEM
Thereafter, 0.8 pL of Fugene HD was added t hereto and t hen
stirred. The resultant was further m xed with 90 pul of
the culture solution. After that, the obtained m xture
sol ution was added to the cultured cells and cul tured for
20 hours.

<Observation of Cells>

After the transfection treatment but before the
observation, the culture solution of the HEK293 cel | s was
repl aced with an observation buffer (buffer at pHof 7.4
cont ai ni ng Hanks’ Bal anced Salt Sol uti ons and 20 mM HEPES)
cont ai ning 500 nMrapamycin. After the replacement with
the drug-supplemented buffer, the resultant was |eft
standing at roomtenmperature for 30 m nutes. Then, the
cells were observed using an I X-71 inverted fl uorescence
m croscope, a U-MGFPHQ filter, and an ORCA-ER digital
canmera. Fig. 32 shows the obtained result.

As shown in Fig. 32, when the CD80 was used as the
detection target, fluorescent foci were observed at the
cell menmbrane. On the other hand, when the CD2 was used
asthedetectiontarget, nofluorescent focus was obser ved.
Thus, the effectiveness of the systemshown in Fig. 4 was
confirmed.

Moreover, in the third method for determning a

protein-proteininteractionof thepresent inventi onshown
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in Fig. 4, as in the case of the method shown in Fig. 3,
it is not necessary to directly or indirectly fuse a
fluorescent proteinto the proteins to be analyzed. This
all ows a reductioninthe nol ecul ar wei ght of the protein
tag fused to the proteins to be analyzed, in conparison
with the methods shown in Figs. 1 and 2. Therefore, the
functions of the proteins to be analyzed are hardly
af fected.

Further, since the proteins to be analyzed can be
kept in a cell while being fused to the tag having a | ow
nol ecul ar wei ght in this manner, this makes it possible
to set a state where a protein-proteininteraction can be
determ ned at any ti m ng by constructing a systemin which
the fusion proteins accordingtothe present i nventi on are
reconstituted inresponse to a stinulus such as rapanmycin
addition as descri bed above.

Furt her nore, preparing cells constitutively
expressing the sixth fusion protein conprising the
fluorescent protein in advance reduces the influence of
a variation in the fluorescent signals anmng the cells,
even if the fusion proteins conprisingthe proteins to be
analyzed are transiently expressed in these cells. This
makes it also possible to nmore stably determne a
protein-protein interaction.

Meanwhi |l e, cell transmenbrane proteins such as CD80

pass t hrough organel | es such as Gol gi body andarel ocalized
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at the cell menmbrane. For thisreason, when such a protein
fused to a tag is expressed, this makes it difficult for
the protein to pass through the organelle and reach the
cell membrane. Therefore, it is generally said that it
is difficult to detect an interaction of a cell menbrane
proteinunlikethose of cytoplasm c proteins andthelike.

On t he ot her hand, according tothe third method for
determ ning a protein-proteininteraction of the present
i nvention, sincethetagtobefusedcanberelativelysmall,
this makes it easy for cell transmenbrane proteinstoreach
the cell menbrane. Moreover, expressing the tag-fused
cell transmenbrane proteins such as CD80 on t he nmenbr ane
and then binding the nultinmerizable protein and the
fluorescent protein expressedinthe cytoplasmto the tag
make it possible to easily detect protein-protein
interactions of the cell transmenbrane proteins, too, as
apparent fromthe result shown in Fig. 26.

Further, the use of this third determ nation met hod
also makes it possible to determ ne protein-protein
interactions between separate cells (for exanple, a
protein-proteininteraction between PD1 and PDL1), which
cannot be detected by techniques such as FRET/ BRET/ Bi FC
utilizing the proximty of tags.

(Exampl e 16)
Next, based on the systems shown in Fig. 1 and so

forth, the present inventors canme up with a system shown
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in Fig. 7 as one enbodi ment for detecting an interaction
among three or nore proteins.

Specifically, when a thirteenth fusion protein
conprising afirst protein and a multimeri zabl e protein,
a fourteenth fusion protein conprising a second protein
and a multimerizable protein, and a fifteenth fusion
protein conmprising a third protein and a fluorescent
protein are expressedinacell or introducedinto acell,
an interactionif any among the first protein, the second
protein, andthethirdprotein, asinthecasesof thesystens
shown in Fig. 1 and so forth, induces nultimer formation
bet ween t he mul ti merizabl e protein and anot her
mul ti merizable protein; thereby, the fusion proteins
aut ononousl y f or man assenbly, andthe fl uorescent protein
containedinthefusionproteinisdetectedasafl uorescent
focus.

Then, the effectiveness of the systemshown in Fig.
7 in determning a protein-protein interaction was
confirmed using materials and net hods descri bed bel ow.
Note that the detection target in this confirmation
experi ment was heterotrimer formati on anong p50, p60, and
IxBa.

Note that it has been known that p50 and p65 form
aheterodimer, constitutingNFkB. Further, NFxB functions
in the nucleus as a transcription factor playing a role

i nnodul atinginflammtorycyt oki ne expressi on. However
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it has been known that a further interaction with IxBx
retains NFxB in the cytoplasm, suppressing the
transcription function (see Marc D. Jacobs et al., Cell,
Decenber 11, 1998, vol. 95, pp. 749to 758). Thus, inthis
Exampl e, multimeri zabl e proteins were respectively fused
to p50 and p65, while a fluorescent protein was fused to
IkBa. These proteins were expressed in cells. Thereby,
p50and p65interactedw theachother andfornmedanassenbly,
and further the IxBa fused to the fluorescent protein
accumul at ed on t he assenbly, form ng a fl uorescent focus.
Thus, it wasconfirmedthat thedetecti onof atri mer conpl ex
was possi bl e.

<Preparation of pPBl-p50>

To express, as the thirteenth fusion protein, a p50
protein whose N-term nus was fused to a PB1 domai n of p62
as the multimerizable protein (PB1l-p50) in cells, a
pPB1- p50 vector was constructed as descri bed bel ow.

A DNA was artificially synthesized which contai ned
EcoRl and Xhol recognition sequences respectively at both
ends of anucl eoti de sequence encodi ng p50 (aproteinhaving
the am no acid sequence of NCBI RefSeq ACCESSI ON No:
NP_003989. 2) . Then, the obtained synthetic DNA was
treated with EcoRI and Xhol, and inserted into
pAsh- MCLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, a pPBl-p50 was prepared.

<Preparation of pp65-PBl>
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To express, as the fourteenth fusion protein, a p65
protein whose C-term nus was fused to a PB1 domai n of p62
as the multimerizable protein (p65-PBl) in cells, a
pp65- PB1 vector was constructed as descri bed bel ow.

A DNA was artificially synthesized which contai ned
BamHI and Xhol recognition sequences respectively at both
ends of anucl eoti de sequence encodi ng p65 (aproteinhaving
the am no acid sequence of NCBI RefSeq ACCESSI ON No:
NP_068810. 3) . Then, the obtained synthetic DNA was
treated with BanHi and Xhol, and inserted into
pAsh- MNLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, a pp65-PBl vector was prepared.

<Preparation of phmKO2-IxkBo>

To express, as the fifteenth fusion protein, an IkKBa
protein whose N-term nus was fused to nKO2 as the
fluorescent protein (mKO2-IxBa) in cells, a phmKO2-IxBx
vector was constructed as descri bed bel ow.

A DNA was artificially synthesized which contai ned
BamHI and EcoRI recognitionsequences respectively at both
ends of a nucleotide sequence encoding IxBa (a protein
havi ng the am no aci d sequence of NCBI Ref Seq ACCESSI ON
No: NP_065390.1). Then, the obtained synthetic DNA was
treated with BamHI and EcoRl, and inserted into
phmKO2- MCLi nker (manufactured by MEDI CAL & Bl OLOGI CAL
LABORATORI ES CO., LTD.) having beentreated with the sane

restriction enzymes. Thus, a phmKO2-IkxBa vector was
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prepar ed.

<Cell Culturing and Transfection>

To express the fusion proteins in a conbination of
thefoll owi ng(A) or (B), theplasm dvectors preparedabove
were i ntroduced into HEK293 cells by the sanme net hod as
t hat described in Exanple 12:

(A) PBl-p50, p65-PBl, and mKO2-IxkxBoa; and
(B) PB1l-p50 and mKO2-IxkBoa (negative control).
<Observation of Cells>

After the transfection treatment, the HEK293 cells
were observed using an [IX-71 inverted fluorescence
m croscope, a U-MGFPHQ filter, and an ORCA-Flash 4.0
digital camera. Fig. 33 shows the obtained result.

As apparent fromthe result shown in Fig. 33, when
the PB1-p50, the p65-PB1l, and the mKO2-IkBa were expressed
inthecells, fluorescent foci were detected. Ontheother
hand, when the PBl1-p50 and the mKO2-IxkxBua were expressed
in the cells, no fluorescent focus was detected. Thus,
it was confirmed that, as showninFig. 7, theinteraction
bet ween p50 and p65 formed an assembly by utilizing the
multimerizable proteins, and further that the IxBa fused
to the fluorescent protein accunul ated on the assenbly,
thereby formng the fluorescent foci. To put it
differently, it was confirmed that detecting the
fluorescent foci enabl ed determ nati on of an interaction

among three types of proteins.
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(Exampl e 17)

As in Example 16, the effectiveness of the system
shown in Fig. 7 in determning a protein-protein
interaction was confirmed using materials and nmet hods
descri bed bel ow. Note that the detection target in this
confirmati on experi ment was heterotrimer formation anmong
CDK4, Cyclin D1, and p21. It has been known that, in the
nucl eus of a cell, p21 recognizes and interacts with a
compl ex conposed of CDK4 and Cyclin D1 (see LaBaer J et
al., Genes Dev., April 1, 1997, vol. 11, no. 7, pp. 847
to 862). Moreover, it has also been reveal ed that such
heterotrimer formation inhibits cell-cycle progression
(transitionfromaGl phasetoan Sphase) ot herwi se pronot ed
by a conpl ex conposed of CDK4 and Cyclin DI1.

<Preparation of pp2l-PBl>

To express, as the thirteenth fusion protein, a p21
protein whose C-term nus was fused to a PB1 domai n of p62
as the multimerizable protein (p21l-PB1l) in cells, a
pp21- PB1 vector was constructed as descri bed bel ow.

A DNA was artificially synthesized which contai ned
BamHI and Notl| recognition sequences respectively at both
ends of anucl eoti de sequence encodi ng p2l1 (aproteinhaving
the am no acid sequence of NCBI RefSeq ACCESSI ON No:
NP_510867.1). Then, the obtained synthetic DNA was
treated with BamHl and Notl, and inserted into

pAsh- MNLi nker havi ngbeentreatedwiththesamerestriction
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enzymes. Thus, a pp2l-PB1 vector was prepared.

<Preparation of pCDK4-PB1>

To express, as the fourteenth fusi on protein, a CDK4
protein whose C-term nus was fused to a PB1 domai n of p62
as the multimerizable protein (CDK4-PBl), in cells, a
pCDK4- PB1 vector was constructed as descri bed bel ow.

A DNA was artificially synthesized which contai ned
BamHI and Not|l recognition sequences respectively at both
ends of a nucl eotide sequence encoding CDK4 (a protein
havi ng the am no aci d sequence of NCBI Ref Seq ACCESSI ON
No: NP_000066.1). Then, the obtained synthetic DNA was
treated with BanHi and Notl, and inserted into
pAsh- MNLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, a pCDK4-PBl vector was prepared.

<Preparation of pCDK4>

To express, as a negative control, a CDK4 protein
(CDK4) not fused to other proteins, a pCDK4 vector was
constructed as described bel ow.

A DNA was artificially synthesized which contai ned
a BamHI recognition sequence at one end of the nucl eoti de
sequence encodi ng CDK4 while the stop codon and a Notl
recogni tion sequence at t he ot her end. Then, the obt ai ned
synthetic DNAwas treated wi t h BanHl and Notl, andi nserted
into pAsh- MNLi nker having been treated with the sanme
restriction enzymes. Thus, a pCDK4 vector was prepared.

<phmAGl- Cyclin D1>
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To express, asthefifteenthfusionprotein, aCyclin
D1 protein whose N-term nus was fused to mMAGL as the
fluorescent protein (mAGLl-Cyclin Dl) in cells, a
phmAGl- Cycl inDlvect or was construct edas descri bedbel ow.

A DNA was artificially synthesized which contai ned
a BamHl recognition sequence at one end of a nucl eotide
sequence encoding Cyclin D1 (a protein having the am no
aci d sequence of NCBI Ref Seq ACCESSI ON No: NP_444284.1)
whil e the stop codon and a Notl recognition sequence at
t he ot her end. Then, theobtai nedsyntheti c DNAwastreated
with BamHI and Notl, and inserted into phmAGl- MCLi nker
havi ng been treated with the same restriction enzynes.
Thus, a phmAGl-Cyclin D1 vector was prepared.

<Cell Culturing and Transfection>

To express the fusion proteins in a conbination of
thefollowing(A), (B), or (C), theplasm dvectors prepared
above were i ntroduced i nt o HEK293 cel I s by t he same net hod
as that described in Exanmple 14:
(A) mMAGL- Cyclin D1, p21-PBl, and CDK4- PB1;
(B) mMAGLl-Cyclin D1, p21-PB1l, and PBl1 (negative control);
and
(C) mAGL-CyclinDl, p21-PBl1, and CDK4 (negative control).

Note that, in (B), to express PBl1 (a PB1 domai n of
a p62 protein), pAsh-MLi nker was introduced into the
cells.

<Observation of Cell s>
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After the transfection treatment, the HEK293 cells
wer e observed byt hesame net hodast hat descri bedi n Exanmpl e
14. Fig. 34 shows the obtained result.

As apparent from the result shown in Fig. 34,
fluorescent foci were detected in cells expressing the
mAGl- Cycl inD1, t hep2l-PBl1, andt he CDK4- PB1. Onthe ot her
hand, when no CDK4 was expressed in the cells, and when
the CDK4 not fused to any multinmerizable protein was
expressedinthecells, nofluorescent focus was det ect ed.
Thus, it was confirmed that, as shown in Fig. 7, the
i nteraction between CDK4 and Cyclin D1 formed a conpl ex
having the multinmerizable protein and the fluorescent
protein, and that the p2l1l fused to the multimerizable
protein interacted with the compl ex, thereby form ng t he
fluorescent foci. Toputitdifferently, it was confirmed
t hat detectingthe fluorescent foci enabl ed determ nati on
of an interaction anong three types of proteins.

(Exampl e 18)

As in Exanples 16 and 17, the effectiveness of the
system shown in Fig. 7 in determ ning a protein-protein
interactionwas confirmed. Notethat thedetectiontarget
inthisconfirmati onexperi ment wastetramer formati onfrom
cal modul i n and a partial sequence (ML3 peptide) of myosin
| ight chain kinase 2. It has been revealed that the
i nteraction between cal modulin and an ML3 pepti de takes

pl aceinresponsetoatransient increaseinintracellul ar
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cal ciumion concentration (second nmessenger) that occurs
when a Gprotein-coupl ed receptor (GPCR) receives aligand
(see M yawaki Aet al., Nature, August 28, 1997, vol. 388,
no. 6645, pp. 882 to 887). In addition, it has al so been
reveal ed that an interaction between cal nodulin and a
cal modul i n- bi ndi ng peptide such as ML3 peptide fornms a
tetramer conposed of two sets of these nolecul es (see Ye
Qet al., Biochem stry, January 24, 2006, vol. 45, no. 3,
pp. 738 to 745). Then, it was confirmed using materials
and met hods descri bed bel owthat the systemshown in Fig.
7 was capable of detecting such tetramer formation.
Further, it was al soconfirmedthat detectingafluorescent
focus enabl ed detection of a change in intracellular
cal ciumion concentration over tine.

<Preparation of pML3peptide-PBl>

To express, as the thirteenth and fourteenth fusion
proteins, an ML3 pepti de whose C-term nus was fused to a
PB1 domain of p62 as the nultimerizable protein
(ML3peptide-PBl) in cells, a pML3pepti de-PBl vector was
constructed as described bel ow.

A DNA was artificially synthesized which contai ned
BamHI and EcoRI recognitionsequences respectively at both
ends of a nucl eoti de sequence encodi ng an ML3 pepti de (the
nucl eoti de sequence of SEQIDNO: 50). Then, the obtai ned
syntheti c DNAwastreatedw t hBanHl and EcoRl, andi nserted

into pAsh- MNLi nker having been treated with the sanme
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restriction enzynes. Thus, a pML3pepti de-PB1 vector was
prepared.

<Pr eparation of pCal unmodul i n- hmAGl and
pCal unmodul i n- hmUk G1>

To express, as the fifteenth fusion protein, a
cal modul i n protein whose C-term nus was fused to mAGl as
thefl uorescent protein(Cal unodulin-mAGl), or toexpress,
asthefifteenthfusionprotein, acal modulinproteinwhose
C-term nus was fused to mUkGl as the fluorescent protein
(Cal unodul i n-mJkGl) incells, apCal umodul i n- hmAGl vect or
and a pCal unodulin-hmUkGl vector were constructed as
descri bed bel ow.

A DNA was artificially synthesized which contai ned
BamHI and EcoRI recognitionsequences respectively at both
ends of a nucl eotide sequence encoding cal nodulin (the
nucl eoti de sequence of SEQIDNO: 52). Then, the obtai ned
syntheti c DNAwastreatedw t hBanHl and EcoRl, andi nserted
i nto phmAGLl- MNLi nker and phmUk G1- MNLi nker (both
manuf actured by MEDI CAL & BI OLOGI CAL LABORATORI ES CO.
LTD.) havingbeentreatedwiththesanmerestrictionenzynes.
Thus, a pCal umodul i n- hmAG1 vect or and a
pCal umodul i n- hmUkGl vector were prepared.

<Cell Culturing and Transfection>

To express the fusion proteins in a conmbi nati on of
thefoll owi ng(A) or (B), theplasm dvectors preparedabove

were i ntroduced into HeLaS3 cells by a nmethod descri bed
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bel ow:
(A) Cal umpdul i n-mAGL and Ml3peptide-PB1; and
(B) Cal unodul i n-mUkGl and ML3pepti de- PB1.

First, HeLaS3 cells were cultured in DMEM (| ow
gl ucose) cont ai ni ng 10%FBS ( manuf act ured by Equi tech-Bi o
Inc.). Then, onthedaybeforethetransfection, theHelLaS3
cel |l swereseededontoa35-nmgl ass base di sh ( manuf act ur ed
by Asahi Gl ass Co., Ltd.). Subsequently, at the tinme of
the transfection, the plasmds (1 pg + 1 pg) were dil uted
with Opti MEM and 10 pl of Pol yFect (regi stered tradenarKk)
Transfecti on Reagent was added thereto and stirred. The
resultant was further m xed with 600 ul of the culture
solution, thereafter added to the HeLaS3 cells, and
cul tured for 22 hours.

<Observation of Cells>

Using an | X-71 inverted fluorescence m croscope, a
U-MGFPHQ filter, and an ORCA-ER digital canmera, the
transfected Hel aS3 cells cultured for 22 hours above were
observedinabuffer at pHof 7.4 cont ai ni ng Hanks’ Bal anced
Salt Solutions and 20 mM HEPES. Then, 100 puM hi stam ne
(manuf act ur ed by Wako Pure Chem cal | ndustries, Ltd.) was
added t hereto, and fluorescence i mages were captured over
time. Note that it has been revealed that histam ne
functions as aligandof an Hl receptor, one of GPCRs, whi ch
is expressed also in HeLaS3 cells. Figs. 35 and 36 show

t he obtained result.
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As apparent fromthe result shown in Figs. 35 and
36, before the ligand (histam ne) was added, the
Cal modul i n- MAGL and t he Cal modul i n- mUKGL wer e present in
a di spersed manner in the cells. Meanwhile, 60 seconds
after the |ligand was added, fluorescent focus formation
was det ect ed, confirm ngtheassenblyformati oncontai ni ng
the ML3peptide-PBl. Moreover, as a result of the
subsequent conti nuous observation, 300 seconds after the
| i gand addition, the fluorescent foci (assenblies) were
extingui shed as shown in Fig. 35 because the cytoplasm
cal ciumion concentrationtransientlyincreased by addi ng
the |igand was decreased.

Thus, it was confirmed that the present invention
was al socapabl e of detecti ngsuchheterotetranmer formati on.
Further, it was al so reveal ed that the use of the method
for detectingaprotein-proteininteractionof thepresent
i nventionenabl edreal -ti me measurenment of the cal ci umi on
concentration transiently increased by the signal
transduction fromthe Hl receptor. Moreover, the result
of this Exanpl e al so denmonstrated t hat the applicati on was
eventual |y possi bl e to detecti on of and screeni ng for: an
endogenous factor such as a second nmessenger causing a
protein-protein interaction; a signal transduction to
whi ch the second nessenger or the |Iike contri buted; and
astimulus fromthe outsidesuchas anextracellular ligand

eliciting the signal transduction.
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(Exampl e 19)

Based on the above results, the present inventors
came up with a system shown in Fig. 8 as a system for
determ ning a protein-protein interaction.

Specifically, the inventors cane up wth a
constructionof asysteminwhichasixteenthfusionprotein
comprisingafirst protein, afirst multimerizabl eprotein,
and afl uorescent protein, andaseventeenthfusi onprotein
comprising a second protein and a second nultimerizable
protein are expressedinacell or introducedinto acell.
In a case where the first proteinis a different protein
from the second protein and the first multimerizable
protein is a different protein from the second
mul ti merizable protein, the first protein and the second
proteininteract witheachother, further induci ngmultimer
formati on between the nultimeri zabl e protein and anot her
mul ti merizable protein; thereby, the fusion proteins
aut ononousl y f or man assenbly, andthe fl uorescent protein
containedinthefusionproteinisdetectedasafl uorescent
focus.

Then, the effectiveness of the systemshown in Fig.
8 in determning a protein-protein interaction was
confirmed using materials and net hods descri bed bel ow.
Not e that the detection target inthis exam nation was an
i nteraction between a p53 proteinandan MDM2 protein, and

aninhibitor Nutlin-3against theinteracti onwas al soused
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inthis exam nation. Further, inthis exam nation, a SAM
domai n of a Tankyrase 1 protein, a PB1 domai n of a PKCi ot a
protein, a SAMdomain of a TEL protein, and a SAM domai n
of a DGK delta protein were used as the nmultimerizable
proteins in appropriate conbi nati ons. Moreover, a mAGl
protein was used as the fluorescent protein. Note that,
inthe systemshown in Fig. 8, the fluorescent proteinis
fused to only one of the proteins to be analyzed for the
proteininteraction. Nevertheless, inthis Exanple, the
fluorescent protein was fused to both of the proteins for
t he exam nati on.

<Preparation of Plasmd Vectors for Expressing
Various Fusion Proteins>

pTankyrase- hmAGl- p53, pPKCi - hmAGl- p53,
PTEL- hmAGLl- p53, and pDGKd- hmAGLl- p53 pr epar ed as descri bed
above weretreatedwithrestrictionenzymes Nhel and Agel .
Ther eby, nucl eotidefragments Tankyrase- hmAGl, PKCi - hmAGL,
TEL- hmAGl, and DGKd- hmAGl1 wer e prepared. Then, these were
insertedinto pPB1-p53(70) which had beentreatedwiththe
same restriction enzymes, and from which the PB1 region
had beenremved. Thus, thefoll owi ngplasm dvectors were
prepared:
(a) pTankyrase- hmAGl- p53(70),
(b) pPKCi - hmAGl- p53(70),
(c) pTEL-hmAGLl-p53(70), and

(d) pDGKd- hmAGL- p53( 70) .
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I naddition, the pPB1- MDM2 prepared i n Exanmpl e 4 was
treated wi t h Nhel and Agel torenovethe PB1region. Then,
t he above nucl eotide fragnents were i nserted thereinto.
Thus, the follow ng plasm d vectors were al so prepared:
(e) pTankyrase- hmAGl- VDM2,

(f) pPKCi - hmAGL- NDM2,
(g) pTEL-hmAGl- MDM2, and
(h) pDGKd- hmAGl- NDM2.

<Cell Culturing and Transfection>

The pl asm d vectors (a) to (h) prepared as descri bed
above were introduced into HEK293 cells by a nmethod
descri bed below in the follow ng conbinations:
combi nation 1: plasm d vectors (b) and (h),
combi nation 2: plasm d vectors (b) and (g),
combi nation 3: plasm d vectors (a) and (f),
combi nation 4: plasm d vectors (a) and (h),
combi nation 5: plasm d vectors (a) and (g),
combi nation 6: plasm d vectors (d) and (f),
combi nation 7: plasm d vectors (d) and (g),
combi nation 8: plasm d vectors (c) and (e), and
combi nation 9: plasm d vectors (c) and (h).

HEK293 cells were cultured in DMEM (high glucose)
suppl emented with 10%FBS and 1%penicillin-streptomycin
Then, on the day before the transfection, the cells were
seeded onto a 96-well nmultiwell plate (manufactured by

Greiner Bio-One International GnbH), and cultured in 100
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uL of the culture solution per well. Subsequently, a DNA
sol ution prepared by m xi ng 200 ng of each of the plasm ds
was diluted with 10 pL of Opti MEM Thereafter, 0.8 pL of
Fugene HDwas addedt heretoandthenstirred. Theresultant
was further m xedwi th 90 pl of theculturesolution. After
that, the obtained m xture solution was added to the
cultured cells and cultured for 20 hours.

<Observation of Cells>

After theculturing, theculturesolutionof thecells
was di scarded, and 100 pL of a buffer at pH7.4 containing
Hanks’ Bal anced Salt Sol uti ons and 20 mM HEPES was added.
Then, the cells were observed using I NCell|l Analyzer 1000.
Next, Nutlin-3 was added to each well to the final
concentration of 40 uM After left standing at room
tenperature for 1 hour, the cells were observed. Figs.
37 to 45 show the obtained result.

As apparent fromthe result shown in Figs. 37 to 45,
di stinctive fluorescent foci were observed in all the
combi nati ons bef ore Nutlin-3was added. Ontheother hand
as a result of the re-observation 30 mnutes after the
Nutlin-3addition, thefluorescent foci wereextingui shed,
and the fluorescent signals were dispersed.

In this manner, the systemshown in Fig. 8 was al so
capabl e of detecting fluorescent foci formed dependently
on the interaction between p53 and MDM2, and the

effecti veness of the system was denonstrat ed.
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[ I ndustrial Applicability]

As has been descri bed above, the present invention
makes it possible to determine a protein-protein
interactioninanintracel lular environnment uni quethereto,
and to obtain positional information and tenporal
informationontheprotein-proteininteraction. Moreover,
inthe present invention, astrength of a protein-protein
interactioncorrelateswiththe fluorescenceintensity of
a fluorescent focus. Accordingly, the method is
utilizable inidentifying an am no acid resi due invol ved
in a protein-protein interaction, and also in screening
for a substance nodul ati ng a protein-proteininteraction,
on the basis of the fluorescence intensity.

Thus, the net hod for determ ning a protein-protein
interaction and so forth of the present invention and a
vector or a kit for usein these nethods are useful inthe
devel opment of pharmaceuti cal products and so on through
el uci dati ons of various signal transductions in vivo,
various biological reaction controls, and the |i ke, and
eventual ly, through elucidations of di sease mechani sns.
[ Sequence Listing Free Text]

SEQ ID NOs: 1 and 2
<223> PB1 donmai n of p62
SEQ ID NOs: 3 and 4
<223> PB1 domai n of TFG

SEQ ID NOs: 5 and 6
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<223> PB1 domai n of PKCiota

SEQ I D NOs: 7 and 8

<223> SAM domai n of TEL

SEQ ID NOs: 9 and 10

<223> SAM domai n of DGK delta

SEQ I D NOs: 11 and 12

<223> SAM domai n of Tankyrase-1

SEQ I D NOs: 13 and 14

<223> humani zed- codon mononeric Azam Green 1 (mAGl)
SEQ I D NOs: 15 and 16

<223> nonomeric Um ki noko- Green (mJkG)
SEQ I D NOs: 17 and 18

<223> nonomeric Kusabira-Orange 2 (nKO2)
SEQ I D NOs: 19 and 20

<223> nonomeric M doriishi-Cyanl (mvi Cy)
SEQ I D NOs: 21 and 22

<223> Kusabira-Cyanl (KCyl)

SEQ I D NOs: 23 and 24

<223> dimeric Azam - Green (AB) (dAG (AB))
SEQ I D NOs: 25 and 26

<223> TGuv

SEQ I D NOs: 27 and 28

<223> PB1hmAGl

SEQ I D NOs: 29 and 30

<223> hmAGl1PB1

SEQ I D NOs: 31 and 32
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<223> FKBP12 nut ant
SEQ I D NOs: 33 and 34
<223> p53

SEQ I D NOs: 35 and 36
<223> NDM2

SEQ I D NOs: 37 and 38
<223> PB1

SEQ I D NOs: 39 and 40
<223> Fusi onRed

SEQ I D NOs: 42 and 43
<223> Tankyrase- hmAGl
SEQ I D NOs: 44 and 45
<223> PKCi ot a- hmAG1
SEQ I D NOs: 46 and 47
<223> TEL- hmAGl

SEQ I D NOs: 48 and 49
<223> DGK del t - hmAGL
SEQ I D NOs: 50 and 51
<223> ML3 peptide
SEQ I D NOs: 52 and 53

<223> cal nodulin
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[ CLAI MS]
[Claim 1]

A met hod for determ ning an interaction between a
first protein and a second protein, the method conmpri sing
the followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a first fusion protein conprising the first
protein, a multimerizable protein, and a fluorescent
protein, and

a second fusion protein conprising the second
protein and a nultimerizable protein;

(2) detecting a fluorescent focus formed by an
associ ati onbetweenthefirst fusionproteinandthe second
fusion protein in the cell; and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[Claim 2]

The met hod according to claiml, whereinthe second
fusion protein further conmprises a fluorescent protein.
[Cl ai m 3]

The met hod according to claim1l or 2, wherein the
fluorescent protein is a nonomeric fluorescent protein.
[Clai m 4]

Anmet hod for detectinganinteracti onbetweenafirst

protein and a second protein, the method conprising the
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followi ng steps (1) to (3):
(1) expressing inacell or introducing into a cell

a third fusion protein conprising the first
protein and a nultimerizable protein,

a fourth fusion protein conmprising the second
protein and a nultimerizable protein, and

a fifth fusion protein conmpri si ng a
mul ti merizable protein and a fluorescent protein;

(2) detecting a fluorescent focus formed by an
associ ation among the third fusion protein, the fourth
fusion protein, and the fifth fusion proteininthe cell;
and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[ Cl ai m 5]

The nmethod according to claim 4, wherein the
fluorescent protein is a nonomeric fluorescent protein.
[Cl ai m 6]

A vector conprising a DNA encoding a nulti meri zabl e
protein, aDNAencodi ngafluorescent protein, andacl oning
site, wherein

t he vector i s capabl e of expressing a fusion protein
conprising the nmultimerizable protein, the fluorescent
protein, and a certain protein when a DNA encodi ng the

certain protein is inserted in the cloning site.
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[Claim 7]

A kit for use in the method according to any one of
claims 1 to 3, the kit conprising an instruction and at
| east one substance sel ected fromthe group consi sting of
the following (a) to (h):

(a) the vector according to claim6;

(b) a vector encoding the first fusion protein;

(c) a vector encoding the second fusion protein;

(d) atransformed cell conprising a vector encoding
the first fusion protein;

(e) atransformed cell conmprising a vector encoding
the second fusion protein;

(f) atransformed cell conprising a vector encoding
the first fusion protein and a vector encodi ng the second
fusion protein;

(g) the first fusion protein; and

(h) the second fusion protein.

[ Cl ai m 8]

A kit for use in the method according to claim4 or
5, the kit conprising an instruction and at | east one
substance selected from the group consisting of the
following (a) to (h):

(a) a vector conmprising a DNA encoding the
mul ti merizable protein and a cloning site, wherein the
vector i s capabl e of expressingafusionproteinconprising

the multimerizable protein and a certain protein when a

184



10

15

20

25

DNA encodingthe certainproteinisinsertedinthecloning
site;

(b) a vector encoding the third fusion protein;

(c) a vector encoding the fourth fusion protein;

(d) a vector encoding the fifth fusion protein;

(e) atransformed cell comprising a vector encodi ng
the fifth fusion protein;

(f) the third fusion protein;

(g) the fourth fusion protein; and

(h) the fifth fusion protein.

[Clai m 9]

Amet hod for detectinganinteractionbetweenafirst
protein and a second protein, the method conprising the
follow ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

afirst | abel ed proteinconprisinganaffinity
tag and the first protein,

asecond | abel ed proteinconprisinganaffinity
tag and the second protein, and

a si xth fusion protein conpri sing a
mul ti merizable protein, a fluorescent protein, and a
bi ndi ng partner having an affinity for any of the affinity
tags and bound to the sixth fusion protein;

(2) detecting a fluorescent focus formed by an
associ ation anong the first | abeled protein, the second

| abel ed protein, and the sixth fusion protein conprising
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t he binding partner bound thereto in the cell; and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[Claim10]

A kit for use in the method according to claim?9,
thekit conprisinganinstructionandat | east one subst ance
sel ected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the affinity
tag and a cloning site, wherein the vector is capabl e of
expressing a fusion protein conprising the affinity tag
when a DNA encoding a certain proteinis inserted inthe
cloning site;

(b) a vector encoding the first |abel ed protein;

(c) a vector encoding the second | abel ed protein;

(d) a vector encoding the sixth fusion protein
conprising the binding partner bound thereto;

(e) atransformed cell conmprising a vector encoding
the sixth fusion protein conmprising the binding partner
bound t hereto;

(f) the first | abeled protein;

(g) the second | abel ed protein; and

(h) the sixth fusion protein conprisingthe binding
partner bound thereto.

[Claim 11]
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Anmet hod for detectinganinteracti onbetweenafirst
protein and a second protein, the method conprising the
followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a seventh fusion protein comprising the first
protein and a first partial peptide constituting a
fluorescent protein,

an ei ghth fusion protein conprisingthe second
protein and a first partial peptide constituting a
fluorescent protein, and

a ni nt h fusion protein conmpri si ng a
mul ti meri zabl eprotei nandasecondpartial pepti decapabl e
of reconstituting any of the fluorescent proteins by
bi nding to the first partial peptide;

(2) detecting a fluorescent focus formed by an
associ ati on anong t he seventh fusion protein, the eighth
fusion protein, and the ninth fusion proteininthe cell;
and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[Claim 12]

A kit for use in the method according to claim11,
thekit conprisinganinstructionandat | east one subst ance
sel ected fromthe group consisting of the followi ng (a)

to (h):
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(a) a vector conprising a DNA encoding the first
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthefirst
parti al peptide when a DNA encoding a certain proteinis
inserted in the cloning site;

(b) a vector encoding the seventh fusion protein;

(c) a vector encoding the eighth fusion protein;

(d) a vector encoding the ninth fusion protein;

(e) atransformed cell conmprising a vector encoding
the ninth fusion protein;

(f) the seventh fusion protein,;

(g) the eighth fusion protein; and

(h) the ninth fusion protein.

[ Claim 13]

Anmet hod for detectinganinteracti onbetweenafirst
protein and a second protein, the method conprising the
followi ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

a tenth fusion protein conprising the first
protein and a third partial peptide constituting a
mul ti meri zabl e protein,

an eleventh fusion protein conprising the
second protein and a third partial peptide constituting
a multimerizable protein, and

a twelfth fusion protein conprising a

fluorescent protein and a fourth partial peptide capable
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of reconstituting any of the nultimerizable proteins by
bi nding to the third partial peptide;

(2) detecting a fluorescent focus formed by an
associ ati on anong the tenth fusion protein, the eleventh
fusionprotein, andthetwelfthfusionproteininthecell;
and

(3) determning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[Claim14]

A kit for use in the method according to claim13,
thekit conprisinganinstructionandat | east one subst ance
selected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the third
parti al peptide and a cloning site, wherein the vector is
capabl e of expressingafusionproteinconprisingthethird
parti al peptide when a DNA encoding a certain proteinis
inserted in the cloning site;

(b) a vector encoding the tenth fusion protein;

(c) a vector encoding the eleventh fusion protein;

(d) a vector encoding the twelfth fusion protein;

(e) atransformed cell conmprising a vector encoding
the twelfth fusion protein;

(f) the tenth fusion protein;

(g) the eleventh fusion protein; and

189



10

15

20

25

(h) the twelfth fusion protein.
[ Clai m 15]

A met hod for detecting an interaction anong a first
protein, asecondprotein, andathird protein, the method
comprising the following steps (1) to (3):

(1) expressing inacell or introducing into a cell

a thirteenth fusion protein conmprising the
first protein and a nultimerizable protein,

a fourteenth fusion protein conmprising the
second protein and a nmultimerizable protein, and

afifteenthfusionproteinconmprisingthethird
protein and a fluorescent protein;

(2) detecting a fluorescent focus formed by an
associ ation anmong the thirteenth fusion protein, the
fourteenthfusionprotein, andthefifteenthfusi onprotein
in the cell; and

(3) determning an interaction among the first
protein, the second protein, and the third protein
according to the detection of the fluorescent focus.
[Claim 16]

A kit for use in the method according to claim15,
the kit conprisinganinstructionandat | east one subst ance
sel ected fromthe group consisting of the followi ng (a)
to (h):

(a) a vector conprising a DNA encoding the

mul ti merizable protein and a cloning site, wherein the
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vector i s capabl e of expressingafusionproteinconprising
the multimerizabl e protein when a DNA encodi ng a certain
protein is inserted in the cloning site;

(b) avector conprisingaDNAencodi ngthefl uorescent
protein and a cloning site, wherein the vector i s capable
of expressing a fusion proteinconprisingthefluorescent
protei n when a DNA encodi ng a certain proteinis inserted
in the cloning site;

(c) avector encodingthethirteenth fusion protein;

(d) avector encoding the fourteenth fusi on protein;

(e) a vector encoding the fifteenth fusion protein;

(f) the thirteenth fusion protein;

(g) the fourteenth fusion protein; and

(h) the fifteenth fusion protein.

[Claim 17]

A met hod for determ ning an interaction between a
first protein and a second protein, wherein

afirst multimerizableproteinisadifferent protein
froma second multimerizable protein, and

t he met hod conprises the follow ng steps (1) to (3):

(1) expressing inacell or introducing into a cell

asixteenthfusionproteinconmprisingthefirst
protein, the first nmultimerizable protein, and a
fluorescent protein, and

a seventeenth fusion protein conprising the

second protein and the second multinmerizabl e protein;
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(2) detecting a fluorescent focus formed by an
associ ati on between the si xteenth fusion protein and the
seventeenth fusion protein in the cell; and

(3) determ ning an interaction between the first
protein and the second protein accordingtothe detection
of the fluorescent focus.

[Clai m 18]

A kit for use in the method according to claim17,
thekit conprisinganinstructionandat | east one subst ance
sel ected fromthe group consisting of the followi ng (a)
to (f):

(a) a vector conmprising a DNA encoding the first
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capable
of expressing a fusion protein conprising the first
mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(b) a vector comprising a DNA encoding the second
mul ti merizable protein, a DNA encoding the fluorescent
protein, and a cloning site, whereinthe vector is capable
of expressing a fusion protein conmprising the second
mul ti merizable protein, the fluorescent protein, and a
certain protein when a DNA encodi ng the certain protein
is inserted in the cloning site;

(c) a vector encoding the sixteenth fusion protein;
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(d) avector encodi ngthe seventeenthfusionprotein;
(e) the sixteenth fusion protein; and

(f) the seventeenth fusion protein.
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