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[ DESCRI PTI ON]

[Titleof Inventi on] METHOD FOR DETECTI NG PROTEI N- PROTEI N
| NTERACTI ON

[ Techni cal Fi el d]

The present invention relates to a method for
detecting a protein-protein interaction, applications
t hereof, and a kit for use in the nmethod.

[ Background Art]

Met hods for detecting aprotein-proteininteraction
can beroughlycategorizedintotwogroups. Oneisanmethod
characterizedby usingaproteinhavingbeenseparatedfrom
living cells. Exanples of such a method include surface
pl asmon resonance, protein mass spectroscopy, and
ani sotropy measurenments. However, these methods have
difficulty detecting an interaction in an environment
simlar to an actual intracellular environment.

Then, ast hesecond met hod, anet hod has beendevel oped,
i n which a protein-proteininteractionis detected using
living cells. Typical methods thereof are a yeast two
hybrid systemwhi ch detects atranscriptional activity of
a reporter, and nodified nmethods thereof. Besi des,
anot her met hod 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 met hods have probl ens t hat they

are incapable of detecting a position where a
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protein-protein interaction has taken place (positional
i nformation on the protein-proteininteraction), as well
asaperioduntil aprotein-proteininteractiontakespl 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 hemet hodfor detectingaprotein-protein
interaction using living cells also includes a nmethod
utilizing reconstitution of a fluorescent protein.
Nevert hel ess, oncereconstituted, thefluorescent protein
does not dissociate. Accordingly, this method has a
problemthat it is incapable of detecting a period until
a protein-protein interaction ends, a duration of the
i nteraction, and the I|ike. Further, there is another
probl emt hat a perioduntil a protein-proteininteraction
takes pl aceandthel i kecannot be det ect ed because em ssi on
of fluorescence requires a certain time after a
protein-protein interaction takes pl ace.

Furthernmore, there is also a nethod utilizing a
| uci ferase reconstitution technique. |In such a nmethod,
aluciferaseisreversiblyreconstitutedand di ssoci at ed.
However, since the |um nescent signal emtted by a
reconstituted luciferase is weak, the exposure tinme has
to be along in order to obtain intracellul ar positional
information, and positional information and tenporal

information on a protein-protein interaction with high
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turnover rate cannot be obtained.

Additionally, in the methods wutilizing the
reconstitution of afluorescent protein, aluciferase, or
the like, a signal can be detected only after such a
reconstitution. Thisalsobringsabout suchaproblemthat
itisdifficult totrace, for exanple, bothbeforeandafter
aprotein-proteininteractiontakes place, proteins which
are |l ocated at different positions by the interaction.

On the other hand, as a nmethod for detecting a
protein-proteininteractioninlivingcells, fluorescence
resonance energy transfer (FRET) has been devel oped, whi ch
detects energy transfer dependent on a di stance between
nol ecul es. This nmethod has an advantage of obtaining
positional informati on and tenmporal informati on on where
and when a protein-protein interaction takes place.
Neverthel ess, since a positional relation between a donor
fluorescent protein and an acceptor fluorescent protein
used in the method 1is inportant to detect the
protein-protein interaction, the method involves a
complicated step of investigating the optim zati on of a
| i nker (spacer) connecting these fl uorescent 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 protein is excited, and

to bleed-through in which fluorescence of a donor
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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 probl em
that onlylimtedfl uorescent proteins are usableinorder
to detect information other than a detection-target
protein.

Recently, Tobi as Meyer et al. have reported a met hod
for detecting a protein-proteininteraction by utilizing
intracellular localization (translocation) (PTL 1). In
this method, one of proteins subjected to interaction
detection is fused to a protein that specifically binds
to a particular site in a cell, while the other of the
proteins subjected to interaction detection is fused to
a fluorescent protein or the |like. Then, these fusion
proteins were expressedinacell, andthe protein-protein
interaction is detected on the basis of a signal of the
fluorescent protein or thelike at the particular sitein
the cell.

In addition, Nibert et al. have reported a method
for detectingaprotein-proteininteraction, usingafusion
proteinin whichone of proteins subjectedtointeraction
detectionisfusedtoaproteinfor form ngaviral i nclusion
body, and usi ng, as ani ndi cator, accunul ati on of t he ot her

of the proteins subjectedtointeraction detectioninthe
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viral inclusion body (PTL 2).

However, in these methods for detecting a
protein-protein interaction by utilizing intracellular
| ocalization, one of proteins subjected to interaction
detection is forcibly (artificially) translocated and
confined at a particular siteinacell. Accordingly, the
detection is inpossible at a site where a protein-protein
interaction naturally takes place, that is, in an
intracellular environment unique to the protein-protein
i nteraction, which brings about a probl emthat positi onal
i nformation on the protein-proteininteraction cannot be
obt ai ned, and ot her sim | ar problems. Moreover, itisalso
i npossi ble to detect the interaction between proteins
| ocalized in a natural state at the same site as the site
of the intracellular |ocalization.

Agai nst thi s problem Sara Peterson Bjornet al. have
reported a method for detecting 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 theliketo thereby induce 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,
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and al so needs to renove the drug or the |l i ke used for the
stimulation to detect the presence or absence of an
i nteraction 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 incapable of detecting 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. W0O2006/ 099486
[PTL 3] United States Patent No. 7282347
[ Summary of | nvention]
[ Techni cal Probl em)

The present i nventi 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 detecting a protein-protein
interaction in a cell in an intracellular environment
uni quetotheprotein-proteininteraction, andal socapabl e
of detecting positional information and tenporal
information on the protein-protein interaction.

[ Sol ution to Problem

The present inventors have come up with an i dea of
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utilizing, indetectinganinteractionbetweentwoproteins
(a first protein and a second protein), a first fusion
protein conpri sing t he first protein and an
associ ati on-i nduci ng protein, and a second fusi on protein
comprising the second protein and a fluorescent protein
having a multinmerization ability. Specifically, the
i nvent ors have come up with a construction of a systemas
follows. When the two fusion proteins are expressed in
a cell, an interaction if any between the first protein
and the second protein induces an association action
bet ween the association-inducing protein and another
associ ati on-i nduci ng protein. Thereby, the fusion
prot ei nsaut onomously formanassenbly, andt hefl uorescent
protein contained in the fusion proteinis detected as a
fluorescent focus (see Figs. 1 and 2). Further, the
i nventors have cone up with the utilization, as the
associ ation-inducing protein, of a protein having such
nat ures of: being present in a dispersed manner in a cell
when fused to nmonomeric Azam Green 1 (mAGl), one of
monomeri c fl uorescent proteins; and formng afluorescent
focus (assenmbly) in a cell when fused to a fl uorescent
protein having a multimerization ability.

Hence, the present inventors, first, expressed in
cells candidate proteins fused to mMAGL or fl uorescent
proteins having a multimerization ability, and screened

for association-inducing proteins on the basis of
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fluorescent focus formation (see Figs. 3 and 4).

The screening result has reveal ed that a PB1 domai n
of p62, a PB1 domain of TFG, a PBl1 domain of PKCiota, a
SAM domai n of TEL, a SAM domai n of DGK delta, and a SAM
domai n of Tankyrase-1 are usabl e as the
associ ation-i nduci ng protein.

Then, the present inventors have reveal ed that the
use of these identified proteins as associ ati on-inducing
proteins in combinationwi th fluorescent proteins having
a multimerization ability indeed enables detection of
certain protein-protein interactions on the basis of
fluorescent foci.

Thi s met hodi s capabl e of detectingaprotein-protein
interactioninanintracellular environment uni que to the
protein interaction, and also capable of detecting
positional information and tenmporal information on the
protein-protein interaction. Moreover, it is also
possibletoidentify anam no acidresidueinvolvedinthe
protein-proteininteraction, andto screenfor asubstance
modul ating the protein-protein interaction.

Thus, the present invention relates to a method for
detecting a protein-protein interaction, applications
t hereof, andakit for useinthenmethod. Morespecifically,
t he present i nvention provides the follow ng inventions.
(1) Anmet hod for detectinganinteracti onbetweenafirst

protein and a second protein, the method conprising the
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steps of:

expressinginacell afirst fusionproteinconprising
thefirst proteinandanassociation-inducingprotein, and
a second fusi on protein conprisingthe second protein and
a fluorescent protein having a multimerization ability;

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

determ ninganinteracti onbetweenthefirst protein
and the second protein according to the detection of the
fluorescent focus.
(2) The met hod accordingto (1), whereinthe fl uorescent
focus is detected to detect the interaction taking place
or ending, a period until the interaction takes place or
ends, or a duration of the interaction.
(3) The met hod accordingto (1), whereinthe fl uorescent
focus is detected to detect the interaction taking place
or ending in response to a particular stimulus, a period
until the interaction takes place or ends, or a duration
of the interaction.
(4) The met hod according to any one of (1) to (3) for
screening for a protein interacting with a particular
protein, wherein

one of the first protein and the second protein is
the particul ar protein, whilethe other is atest protein,

and
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a protein interacting with the particular protein

is selected according to the detection of the fluorescent
focus.
(5) The met hod according to any one of (1) to (3) for
identifying any one of an am no acid residue in the first
protein and an am no acid residue in the second protein,
which are involved in the 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, if a fluorescence intensity of the
fluorescent focus is reduced in conmparisonwithaprotein
Inwhichnonutationisintroduced, the am no aci d resi due
in which the nmutation is introduced is determ ned to be
i nvolved in the interaction.
(6) A met hod for screening for a substance nodul ati ng
aninteractionbetweenafirst proteinandasecondprotein
the met hod conprising the steps of:

expressinginacell afirst fusionproteinconprising
thefirst proteinandanassociation-inducingprotein, and
a second fusi on protein conprisingthe second protein and
a fluorescent protein having a multimerization ability,
in presence of a test conpound,

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

sel ecting the test compound as a substance i nduci ng

10
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the interaction if a fluorescence intensity of the
fluorescent focus is higher than afluorescenceintensity
of afluorescent focusformedinabsenceof thetest conpound,
and sel ecting the test conpound as a substance suppressing
the interaction if the fluorescence intensity of the
fluorescent focusislower thanthefluorescenceintensity
of the fluorescent focus formed in the absence of the test
conmpound.
(7) The met hod accordi ngto any one of (1) to (6), wherein
t he associ ation-inducing proteinis at | east one protein
sel ected fromthe group consi sting of a PB1 domai n of p62,
a PB1 domai n of TFG, a PB1 domai n of PKCi ota, a SAMdomai n
of TEL, a SAM domain of DGK delta, and a SAM domai n of
Tankyrase- 1.
(8) A met hod for screening for an associati on-inducing
protein, the nmethod conprising the steps of:

(a) expressinginacell afusion proteinconmprising
a test protein and mAGL;

(b) expressinginacell afusion proteinconmprising
the test protein and a fluorescent protein having a
mul timerization ability; and

(c) sel ecting t he t est protein as an
associ ation-inducingproteinif afluorescent focusi s not
detected in step (a) but a fluorescent focus i s detected
in step (b).

(9) The met hod accordi ngto any oneof (1) to(8), wherein

11
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the fluorescent protein having a multimerization ability
i sat | east onefluorescent proteinselectedfromthe group
consi sting of monomeri c Kusabira-Orange 2, Azam - Green,

Kusabira- Orange 1, dimeric Kei ma- Red, Ki kume Green- Red,

nonomeri c Kei ma- Red, nonomeri c M doriishi-Cyanl,

nmononmeri ¢ Kusabi ra- Orange 1, nonomeri ¢ Ki kunme Gr een- Redl,

M doriishi-Cyanl, Kusabira-Cyanl, dimeric Azam - Green
(AB), di mericAzam - Green(AC), TGuv, Mom ji, COR3. 01, COR5,
and DsRed2.

(10) A Kkit for use in the method according to any one of

(1) to (9), the kit comprising aninstruction and at | east

one substance selected fromthe group consisting of the
following (a) to (j):

(a) a vector comprising a DNA encoding the
associ ation-inducing protein and a cloning site all owi ng
an insertion of a DNA encodi ng a certain protein in such
a manner that the certain protein is fused to the
associ ati on-i nduci ng protein when expressed;

(b) avector conprisingaDNAencodi ngthefl uorescent
proteinhavinganultimerizationabilityandacloningsite
al l owi ng an i nsertion of a DNA encodi ng a certain protein
in such a manner that the certain proteinis fused to the
fluorescent protein when expressed;

(c) a vector comprising a DNA encodi ng mAGL and a
cloning site allowing an insertion of a DNA encoding a

certain proteininsuch a manner that the certain protein

12
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is fused to the mMAGL when expressed;

(d) a vector encoding the first fusion protein;

(e) a vector encoding the second fusion protein;

(f) a vector set conmprising the vector accordingto
any one of (a) and (d) and t he vector according to any one
of (b) and (e);

(g) a vector set conprising the vector accordingto
(b) and the vector according to (c);

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

(i) atransformed cell conprising a vector encoding
the second fusion protein; and

(j) atransformed cell conprising a vector encoding
the first fusion protein and a vector encodi ng the second
fusion protein.
[ Advant ageous Effects of Invention]

The present invention nakes it possible to detect
a protein-protein interaction in an intracellular
environment wunique thereto, and to detect positional
i nformation and t enpor al i nformation on the
protein-protein interaction.
[Brief Description of Draw ngs]

[Fig. 1] Fig. 1is adiagramfor illustrating a concept

of a method for detecting a protein-protein interaction
of the present invention. Specifically, the diagram

il lTustrates that when a first fusion protein conmprising

13
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a first protein (B) and an associ ati on-inducing protein
and a second fusion protein conprising a second protein
(A) and a fluorescent protein having a multimerization
ability are expressed in a cell, an interaction between
the first protein (B) and the second protein (A) can be
determ ned according to the detection of a fluorescent
focus formedby assenmbly formati on bet weenthefirst fusion
protein and the second fusion protein in the cell

[Fig. 2] Fig. 2isadiagramfor illustratingthe concept
of the method for detecting a protein-proteininteraction
of the present invention. Specifically, the diagram
illustrates that in a case where afirst protein (C) does
not interact with a second protein (A), even if a first
fusion protein comprising the first protein (C) and an
associ ation-induci ng protein and a second fusi on protein
conprisingthesecondprotein(A) andafl uorescent protein
having a multimerization ability are expressedin acell,
the first fusion proteinandthe second fusion protein are
not associated with each other, and are present in a
di spersed manner inthe cell, sothat no fluorescent focus
i's detected.

[Fig. 3] Fig. 3is adiagramfor illustrating a concept
of a screeni ng method for an associ ati on-i nduci ng protein
according to the present invention. Specifically, the
di agramil lustrates that an associ ati on-i nduci ng protein

according to the present invention is capable of form ng

14
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an assembly (fluorescent focus) in a cell, when fused to
a fluorescent protein having a multimerization ability.

[Fig. 4] Fig. 4is adiagramfor illustratingthe concept
of thescreeni ngnmet hodfor anassoci ati on-i nduci ngprotein
according to the present invention. Specifically, the
di agramil lustrates that the associ ati on-i nduci ng protein

accordingtothepresent inventionispresent inadispersed

manner in a cell, when fused to nmonomeric Azam Green 1
(MAGL) .
[Fig. 5] Fig. 5 shows m crographs for illustrating the

result of anal yzing the presence or absence of fl uorescent
focus formati on by expressinginculturedcells aprotein
(mMAGl- p62(PB1)) conmposed of mAGl fused to a PB1 domai n of
p62 (p62(PBl)), and a protein (AG p62(PB1l)) conposed of
p62(PBl) fused to Azam Green (AG) serving as the
fluorescent protein having a multimerization ability.

[Fig. 6] Fig. 6 shows m crographs for illustrating the
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressing in cultured cells a fusion
protein conmposed of a FRB domai n of a mIOR protein and an
AG protein, and a fusi on protein conposed of p62(PB1) and
FKBP12. Note that a FRB domain of a mlOR protein
(MTOR( FRB) ) and a FKBP12 protei nare knowntointeract with
each other in the presence of rapanycin.

[Fig. 7] Fig. 7 shows m crographs for illustrating the

result of anal yzing the presence or absence of fl uorescent

15
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focus formati on by expressing in cultured cells a fusion
protein conposed of a FRB domain of a mlfOR protein and
p62(PBl), and a fusion protein conposed of an AG protein
and FKBP12. Note that, in the figure, the scale bars at
the | ower right portions represent 5 um

[Fig. 8 Fig. 8 shows m crographs for illustrating the
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressinginculturedcellsthe fusion
protein conposed of a FRB domain of a mlOR protein and
p62(PBl1), and a fusion protein conmposed of a mMAGL protein
and FKBP12. Note that, in the figure, the scale bars at
the | ower right portions represent 5 um

[Fig. 9] Fig. 9 shows m crographs for illustrating the
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressing in cultured cells a fusion
protein(mMIrOR- AG) conposed of a FRBdomai n of a mlfOR pr ot ei n
and an AG protein, and a fusion protein (p62(PB1)-FKBP12)
conposed of a p62(PB1) protein and FKBP12, in the absence
(-) or presence (+) of rapamycin.

[Fig. 10] Fig. 10 shows m crographs for illustratingthe
result of anal yzing the presence or absence of fl uorescent
focus formation by expressing in cultured cells a fusion
protein (mMIOR-mAGl) conposed of a FRB domain of a nmlOR
protein and a mMAGL protein, and the fusion protein
(p62( PBl) - FKBP12) conposed of ap62( PB1) protei nand FKBP12

in the absence (-) or presence (+) of rapamycin.

16
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[Fig. 11] Fig. 11 shows m crographs for illustratingthe
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressinginculturedcellsthe fusion
protein(mMIrOR- AG) conposed of a FRBdomai n of a mlfOR pr ot ei n
and an AG protein, and a fusion protein
(p62(PBl _nc)-FKBP12) composed of ap62(PB1) prot ei nnut ant
havi ng | ost no homonul ti merization ability and FKBP12, in
t he absence (-) or presence (+) of rapamycin.

[Fig. 12] Fig. 12 shows m crographs for illustratingthe
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressing incultured cells a protein
composed of a mMAGL protein or an AG protein (fluorescent
protein having a nmultimerization ability) fused to a PB1
domain of MEKS5 (MEK5(PB1)) or a PB1 domain of Nbrl
(Nbr1(PB1)).

[Fig. 13] Fig. 13 shows m crographs for illustratingthe
result of anal yzing the presence or absence of fl uorescent
focus formati on by expressinginculturedcells aprotein
composed of a MAGL protein or an AG protein fused to a PB1
domai n of PKCiota (PKCiota(PBl)) or a PBl domain of TFG
(TFG( PB1)) .

[Fig. 14] Fig. 14 shows m crographs for illustratingthe
result of anal yzingthe presence or absence of fl uorescent
focus formati on by expressinginculturedcells aprotein
composed of a MAGL protein or an AGprotein fused to a SAM

domai n of TEL (TEL(SAM ) or a SAMdonmai n of DGK del t a ( DGKd)
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(DGK del ta( SAM) ).

[ Fig. 15] Fig. 15 shows m crographs for illustratingthe
result of anal yzingthe presence or absence of fl uorescent
focus formati on by expressinginculturedcells aprotein
composed of a MAGL protein or an AGprotein fused to a SAM
domai n of Tankyrase (Tankyrase(SAM ) or a SAM domai n of
EphB2 (EphB2(SAM)).

[Fig. 16] Fig. 16 shows m crographs for illustratingthe
result of anal yzingthe presence or absence of fl uorescent
focus formation by expressing in cultured cells the
foll owi ng fusion-proteincombinations, inthe presence of
rapamycin: a conbination of a fusion protein (mMIrOR(FRB
domai n) - AG) conposed of a FRB domai n of a mIOR pr ot ei n and
an AG protein with a fusion protein (FKBP12-TFG(PB1))
composed of a FKBP12 protein and TFG(PB1l); a combination
of mT OR( FRB domai n)-AG with a fusion protein
(FKBP12- TEL(SAM)) conposed of a FKBP12 protein and
TEL(SAM); a combination of mMIOR(FRB domain)-AG with a
fusion protein (FKBP12-DGKd(SAM)) conposed of a FKBP12
protein and DGK del ta( SAM); and a combi nati on of mIrOR( FRB
domai n)-AGwi th a fusion protein (FKBP12- Tankyrase( SAM) )
composed of a FKBP12 protein and Tankyrase(SAM .

[Fig. 17] Fig. 17 shows m crographs for illustratingthe
result of anal yzi ng whether or not it i s possibletodetect
a rapamyci n-dependent interaction between mroR( FRB) and

a FKBP12 protein accordingto fluorescent focus formati on
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by usi ng KO1, dKei ma, Ki KGR, or AGast hefl uorescent protein
having amultimerization ability accordingtothe present
i nvention.

[Fig. 18] Fig. 18 shows a mcrograph for illustrating
the result of analyzing the presence or absence of
fluorescent focusformati onby expressinginculturedcells
a protein conposed of monomeri c Kusabira-Orange 2 (nKO2)
fused to p62(PBl).

[Fig. 19] Fig. 19 shows m crographsfor illustratingthat
the result of analyzing whether or not a fluorescence
intensity of a fluorescent focus formed by an associ ati on
bet ween mMIOR(FRB domain)-AG and FKBP12-p62(PBl) is
dependent on the rapamycin concentration.

[Fig. 20] Fig. 20 is a graph for illustrating that the
result of analyzing whether or not the fluorescence
intensity of the fluorescent focus formed by the
associ ation bet ween mTOR( FRB domai n) - AG and
FKBP12- p62( PB1) (S dependent on t he rapanycin
concentration.

[Fig. 21] Fig. 21 is a graph for illustrating that the
result of anal yzi ngwhet her or not afl uorescenceintensity
of a fluorescent focus formed by an associ ati on between
MIOR( FRB domai n) - AG and p62( PBl) - FKBP12 i s dependent on
t he rapanmycin concentration

[Fig. 22] Fig. 22 is agraphfor illustrating the result

of anal yzi ng whet her or not the fluorescence intensity of
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the fluorescent focus formed by the associati on between
MIOR( FRB domai n) - AG and p62( PBl) - FKBP12 in the presence
of rapamycin is suppressed in a manner dependent on the
concentrati on FK506. Note that FK506 conpetitively
i nhi bits between an interaction between a FKBP12 protein
and rapamycin, thereby inhibiting aninteraction between
the FKBP12 protein and a FRB domain of a mlIOR protein
( MTOR( FRB) ) .

[ Fig. 23] Fig. 23 shows m crographs for illustratingthe
result of analyzing a fluorescence intensity of a
fluorescent focusinthe presence of Nutlin-3byexpressing
inculturedcellsafusionprotein(p62(PBl)-p53) conposed
of p62(PB1) and a portion of p53, and a fusion protein
(AG- MDM2) conposed of an AG protein and MDM2. Note that
Nutlin-3is known as an i nhi bitor against an i nteraction
bet ween a p53 protein and an MDM2 protein. Moreover, in
the figure, the scale bars at the |lower |eft portions
represent 10 pm

[Fig. 24] Fig. 24 is agraph for illustrating the result
of anal yzi ng whet her or not the fluorescence intensity of
the fluorescent focus formed by the associati on between
p62( PB1)-p53 and AG-MDM2 is suppressed in a manner
dependent on the Nutlin-3 concentration.

[Fig. 25] Fig. 25 is agraph for illustrating the result
of anal yzi ng whet her or not the fluorescence intensity of

the fluorescent focus fornmed by the associati on bet ween
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p62(PBl) - p53 and AG-MDM2 is suppressed in a manner
dependent on the Nutlin-3 concentration.

[ Fig. 26] Fig. 26 shows m crographs for illustratingthe
result of observing cells expressing p62(PBl)-p50 and
AG-p65 (IkBa (-)), and cells expressing p62 (PB1l)-p50,
AG-p65, and IxBa (IkBa (+)). Note that pb0 and p65 form
a heterodi mer, whichislocalizedinthe nucleus, and al so
localized in the cytoplasm by the interaction with IxkBo.
Mor eover, inthefigure, "AG' shows the result of detecting
AG-derived fluorescence. "Immunostainingwith anti-IxBo
anti body"” shows the result of observing cells subjected
to this i mmunostaining. " Merging " shows the result of
merging the "AG", the "immunostaining with anti-IxBux
anti body,"” and the result of observing cells whose nucl ei
were stained with Hoechst 33342.

[Fig. 27] Fig. 27 is agraph for illustrating the result
of anal yzi ng whet her or not i ntracellular | ocalization of
a fluorescent focus formed by an association between
p62( PBl) - p50 and AG p65 i s changed i n accordance with t he
amount of IkBa introduced to the cells (the amount of pIxkBa
added) .

[Fig. 28] Fig. 28 shows m crographs for illustratingthe
result of observingcells co-expressing p62(PB1) - CDK4 and
AG p21 (AG p21+PB1- CDK4), and cells expressi ng
p62( PB1) - CDK4, AG p21, and Cyclin D1

(AG p21+PB1- CDK4+CyclinDl). Notethat p2linteractswith
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a conmpl ex conposed of CDK4 and Cyclin D1. Moreover, in
the figure, "AG' shows the result of detecting AG derived
fl uorescence. "l mmunostaining with anti-Cyclin D1
anti body" shows the result of observing cells subjected

to this i nmmunostaining. " Merging shows the result of
mer gi ng the "AG" and t he "i munostainingwi th anti-Cyclin
D1 anti body."

[Fig. 29] Fig. 29 shows m crographs for illustratingthe
result of analyzing a fluorescence intensity and
| ocalization of a fluorescent focus by expressing in
culturedcellsthefoll owi ngfusion-proteinconbinations.
Note that, inthefigure, the scale bars at thel ower right
portionsrepresent 20 um a conbi nati on of afusionprotein
(p62(PBl) - Sec5) conposed of p62(PBl) and a portion of a
Sec5 proteinwith afusion protein (AG Ral B(WI)) conposed
of an AGproteinandaRal Bprotein(w | dtype); acombi nati on
of p62(PB1l)-Sec5 with a fusion protein (AG Ral B(S28N))
composed of an AG protein and a Ral B protein (inactive
mut ant); and a combi nati on of p62(PBl)-Sec5 with a fusion
protein (AG Ral B(Q72L)) composed of an AG protein and a
Ral B protein (active nutant). Note that a Sec5 protein
Is knowntointeract with aRalBproteininaGIP-activated
form Moreover, itisknownthat theinteractionisreduced
wi th an i nactive nutant Ral B(S28N) of Ral B, but enhanced
wi th an acti ve nut ant Ral B(Q72L) of Ral B. Further, it has

al so been reveal ed that a Ral Bproteinis |localized at the
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cel | menbrane by pal m toyl ationof the C-term nusthereof.

[Fig. 30] Fig. 30 shows m crographs for illustratingthe
result of detecting fluorescence only in the vicinity of
the cell menbrane by expressing in cultured cells the
foll owi ng fusion-protein conbinations: a conbinati on of
p62(PB1l)-Sec5 with AG Ral B(WI); a conbination of
p62(PBl)-Sec5 with AG RalB(Q72L); a conbination of
p62( PB1l) - Sec5 with AG Ral B(S28N); and a conbi nati on of
p62(PB1) with AG Ral B(WI).

[Fig. 31] Fig. 31 shows m crographs for illustratingthe
result of observingcells (WI) co-expressing p62(PB1) -p53
and AG- MDM2, and cells (W23L) CO- expressing
p62( PBl) - p53_W23L and AG MDM2. Note that the am no acid
at position23of p53islocatedat aninteractioninterface
sitebetween p53 and MDM2, and a W23L nut ati on of p53 reduces
the interaction.

[Fig. 32] Fig. 32 shows m crographs for illustratingthe
result of observing formation and extinction of a
fluorescent focus fornmed by an associ ati on between afusion
protein (Cal moduli n- AG) conposed of a cal nodulin protein
and an AG protein, and a fusion protein conposed
(ML3pepti de-p62(PBl)) of a partial sequence (ML3 pepti de)
of myosin light chain kinase 2 and p62(PBl), before
hi stam ne addi ti on, 90 seconds after the additi on, and 620
seconds after the addition. Notethat, inthefigure, the

scal e bars at the |ower right portions represent 5 um
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Mor eover, it has beenreveal ed that aninteraction between
cal modul i n and an ML3 peptide takes place in response to
a transient increase in intracellular calcium ion
concentrationthat occurswhenaGprotein-coupl edreceptor
(GPCR) receives a ligand (for exanple, histam ne).

[Fig. 33] Fig. 33 shows m crographs for illustratingthe
result of observing localization of a fluorescent focus
formed by an association between FKBP12-p62(PBl) and a
fusion protein (MIOR(FRB domain)-AGNLS) composed of
MIOR( FRB domai n) , an AGprotein, andanucl ear | ocalization
signal (NLS). Note that, fromthe left, the first panel
shows a fluorescence imge of cells before rapamycin
addition, the second panel shows a fluorescence i mage of
thecells after therapamycinaddition, andthethird panel
shows t heresult of mergi ng superi mposingthe fluorescence
i mage and bright-field image of the cells after the
rapamycin addition. Moreover, in the figure, the scale
bars at the |lower right portions represent 5 um

[Fig. 34] Fig. 34 shows a mcrograph for illustrating
theresult of observingl ocalizationof afluorescent focus
formed by an associ ati on bet ween afusi on protein(AG cRaf)
conposed of an AGprotein and a cRaf protein, and a fusi on
protein (p62(PBl)-HRas) conposed of p62(PBl) and an HRas
protein, the p62(PB1l)-HRas having a prenyl ated sequence
at the C-terminus. Note that, in the figure, the scale

bar at the |lower right portion represents 5 um

24



10

15

20

25

[Fig. 35] Fig. 35 shows a mcrograph for illustrating
theresult of observingl ocalizationof afluorescent focus
formed by an association between a fusion protein
(Smac- p62(PB1l)) conposed of a portion of a Smac protein
and p62(PBl), and a fusion protein (Xl AP- AG) composed of
a portion of a XI AP protein and an AGprotein. Note that,
in the figure, the scale bar at the |ower right portion
represents 5 um

[Fig. 36] Fig. 36 shows a m crograph for illustrating
theresult of observingl ocalizationof afluorescent focus
formed by an association between a fusion protein
(p62(PB1l)-Bcl X(L)) conposed of p62(PBl) and a portion of
a Bcl X(L) protein, and a fusion protein (AG BAD) conposed
of an AGproteinandaportionof aBADprotein. Notethat,
in the figure, the scale bar at the |ower right portion
represents 5 um

[Fig. 37] Fig. 37 shows a m crograph for illustrating
that a fl uorescent focus formed by an associ ati on bet ween
a fusion protein (AG Racl) composed of an AG protein and
a Racl protein, and a fusion protein (p62(PBl)-PBD)
composed of p62(PB1) and a p21 bi nding domainis |ocalized
in the nucleus. Note that, in the figure, the scal e bar
at the | ower right portion represents 5 um Moreover,
guani ne nucl eoti de exchange factors (GEFs) convert a Racl
protein to an active form Further, it is known that an

active Racl protein and PBD interact with each other.
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Furt hernmore, GEFs are |l ocalized differently dependi ng on
the type. For this reason, aninteraction between a Racl
protein and PBD takes place in intracellular regions in
accordance with the GEFs | ocalized differently dependi ng
on the type.

[ Fig. 38] Fig. 38 shows m crographsfor illustratingthat
a fluorescent focus formed by an association between
AG- Racl and p62( PBl1) - PBDi sl ocalizedat the border of cells
Note that, in the figure, the | ower panel is obtained by
enl argingaregionsurroundedbythewhitelineintheupper
panel. Moreover, the scal e bar at the | ower ri ght portion
of the upper panel represent 5 pum and the scal e bar at
t he upper |l eft portion of the |l ower panel represents 1 um

[Fig. 39] Fig. 39 shows m crographsfor illustratingthat
when AG-Racl and p62(PBl) are expressed in cells, these
proteins do not interact with each other, so that no
fluorescent focus is detected at the border and so on of
a cell. Note that, in the figure, the |ower panel is
obt ai ned by enl argi ng aregi onsurrounded by thewhiteline
inthe upper panel. Moreover, the scale bar at the | ower
ri ght portion of the upper panel represents 5 um and t he
scal e bar at the upper left portion of the |ower pane
represents 1 pm

[ Fig. 40] Fig. 40 shows m crographs for illustratingthe
result of observing cells expressing AG Racl and

p62(PBl1)-PBD in the absence (-) or presence (+) of an
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i nhi bitor mevastatin against ger anyl ger anyl group
modi fication. Note that if geranyl geranyl group
nodi ficationisinhibited, Raclislocalizedinthenucleus.
Mor eover, the figure shows the results of observing the
same cells; "A" is observed using a normal inverted
epi fl uorescence m croscope; and "B" is observed using a
total internal reflection fluorescence m croscopy system
with arc | anp source capabl e of excitingonly thevicinity
of the cell menbrane.

[Fig. 41] Fig. 41 shows m crographs for illustratingthe
result of observing cells expressing AG Racl and
RhoGDI - p62(PB1) in the absence (-) or presence (+) of an
i nhi bitor mevastatin against ger anyl ger anyl group
modi fication. Note that a Racl protein interacts with
RhoGDI via a geranyl geranyl group of the Racl protein.
Mor eover, the figure shows the results of observing the
same cells; "A" is observed using a normal inverted
epi fl uorescence m croscope; and "B" is observed using a
total internal reflection fluorescence m croscopy system
with arc | anp source capabl e of excitingonly thevicinity
of the cell menbrane.

[Fig. 42] Fig. 42 shows m crographs for illustratingthe
result of detecting only fluorescence in the vicinity of
t he cel l menbr anes of cel |l s(\WI) expressing
p62( PBl) - KRas(WI') and AG- cRaf (R59A), and cells (Gl2D)

expressing p62(PBl) - KRas(G1l2D) and AG cRaf (R59A), after
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EGF addition (+) or no addition (-). Not e that KRas
activatedinamanner dependent on EGFi nteracts with cRaf.
Mor eover, this protein-protein interaction changes the
| ocalization of cRaf from the cytoplasm to the cel
membr ane.

[Fig. 43] Fig. 43 is a graph for illustrating a change
over timeinatotal fluorescenceintensity of fluorescent
foci in cells co-expressing p62(PB1)-Bcl X(L) and Bak- AG
after ABT-737 addition. Note that although Bcl X(L) and
Bak interact with each other via a BH3 domain, this
protein-proteininteractionisconpetitivelyinhibitedby
ABT-737 (BH3 mnetic).

[Fig. 44] Fig. 44 is a graph for illustrating a change
over timeinatotal fluorescenceintensity of fluorescent
foci incells co-expressing p62(PB1)-Bcl X(L) and AG Bax,
after ABT-737 addition. Note that although Bcl X(L) and
Bax interact with each other via a BH3 domain, this
protein-proteininteractionisconmpetitivelyinhibitedby
ABT- 737.

[Fig. 45] Fig. 45 is a graph for illustrating a change
over timeinatotal fluorescenceintensity of fluorescent
foci incells stably expressing p62(PB1)-p53 and AG MDM2,
bef oreandafter Nutlin-3addition. Notethat, inthegraph,
the x axis represents time (m nutes), provided that tine
when Nutlin-3 was added is O.

[Fig. 46] Fig. 46 is a graph for illustrating a change
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over timeinatotal fluorescenceintensity of fluorescent
foci in cells stably expressi ng mfOR(FRB domai n) - AG and
p62( PBl) - FKBP12, before and after rapamycin addition.
Notet hat, inthegraph, thexaxisrepresentstinme(m nutes),
provi ded that time when rapanycin was added is O.

[Fig. 47] Fig. 47 is a graph for illustrating a change
over timeinatotal fluorescenceintensity of fluorescent
foci in cells expressing p62(PBl)-ERK substrate and
AG- Pi n1(ww) - NES, before and after EGF and U0126 additi on.
Not e t hat when ERKincellsisactivated by an EGF sti mul us,
t he ERK substrate (ERK substrate) is phosphoryl ated; as
aresult, the ERK _substrateandawwvdomai nof aPinlprotein
(Pinl(ww)) interact with each other. Further, if a MEK
i nhi bitor U0126 is added, the ERK activity is decreased;
as a result, the ERK substrate is dephosphoryl ated,
termnating theinteraction betweenthe ERK substrate and
Pi n1(ww). In the graph, the x axis represents tine
(m nutes), provided that tinme when EGF was added is O.
Additionally, U0126 was addedtothecells, 14 m nutes after
t he EGF addition

[Fig. 48] Fig. 48 is a graph for illustrating a change
over timeinatotal fluorescenceintensity of fluorescent
foci in cells expressi ng p62( PB1l) - HRas ( WI') and
AG- cRaf (R59A), before and after EGF addition. Notethat,
inthegraph, thexaxisrepresentstime(m nutes), provided

that ti me when EGF was added is O.
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[Fig. 49] Fig. 49 shows m crographs for illustratingthe
result of observing cells expressi ng AG- NmCAB,
p62( PBl) - FKBP12, and mlTOR( FRB) - KO1, in the absence (-) or
presence (+) of rapamycin, or inthe absence (-) or presence
(+) of FK506. Notethat rapamyci nbindstoaFKBP12protein,
form ng a conpl ex, and further that this conplex binds to
a FRBdomai n of a mTORprotein (MIOR(FRB)). Moreover, mCAB
(protein conposed of a portion of calcineurin Afused to
aportionof calcineurinB) interactswithaFKBP12 protein
via FK506. Inthe figure, "AG' and "KOl" showthe results
of detecting fluorescences derived from AG and KO1,
respectively.

[ Description of Embodi ments]

<Met hod for Detecting Protein-Protein Interaction>

Anmet hod for detectingaprotein-proteininteraction
of the present invention is a nethod for detecting an
i nteraction between a first protein and a second protein,
the met hod conmprising the steps of:

expressinginacell afirst fusionproteinconprising
thefirst proteinandanassociation-inducingprotein, and
a second fusi on protein conmprisingthe second protein and
a fluorescent protein having a nmultimerization ability;

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

determ ninganinteracti onbetweenthefirst protein
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and the second protein according to the detecti on of the
fluorescent focus.

In the present invention, the term"protein" means
a mol ecule in which 2 or more am no acids are |inked by
a peptide bond(s), and nodified products thereof. Thus,
the termis a concept including not only full-Ilength
pr ot ei ns, but also so-called ol i gopepti des and
pol ypepti des. Exanpl es of thenmodificationof theprotein
i ncl ude phosphoryl ation, glycosyl ation, pal mtoyl ation,
prenyl ation (for exanpl 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 tothe present invention, it is possible to use
desired proteins intended for detection of interaction.

The "interaction between the first protein and the
secondprotein” accordingtothepresent i nventionincludes
not only direct interactions, but also indirect
i nteractions such as aninteraction for form ng a conpl ex
i n whi ch anot her nol ecul e (protein, nucleic acid, sugar,
l'i pid, |ow-nolecular-weight conpound, or the like) is
I nterposed between the first protein and the second
pr ot ein.

The "fluorescent protein having a multimerization
ability" according to the present invention is a

fluorescent proteincapabl eof form ngafluorescent focus,
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when fused to a PB1 domai n of p62 (p62(PB1)) and expressed
inacell, as aresult that the fusion proteins with the
p62(PBl) are associated with each other. Thus, the
"fluorescent protein having a nmultinmerization ability"
i ncl udes not only fl uorescent proteins capabl e of form ng
a homonmul timer inacell without fusingw th p62(PB1), but
al so fl uorescent proteins such as nmKO2 general ly believed
to be mononeric fluorescent proteins, as described in
Exanpl es | ater. Exanpl es of such a "fluorescent protein
havi ng a mul timerization ability" i ncl ude
M doriishi-Cyanl (M Cyl), Kusabira-Orange 1 (KO1),
dKei ma570 (di meric Kei ma570), di nmeri c Kei ma- Red ( dKei ma,
dKei ma- Red), Azam -Green (AG), Kaede, Kikune Green-Red
(Ki KGR, KikGR1), nononmeric Kusabira-Orange 1 (nKOl),
nonomeri ¢ Kusabira-Orange 2 (nmKO2), TurboGFP, TurboYFP,
ZsGreen, DsRed, HcRed, eqFP578, eqFP611, EosFP, FP484,
Renilla GFP, Dendra, |FP1.4, iRFP, nmonomeric Kei ma-Red
(mKei ma, nKei ma- Red), monomeri c M doriishi-Cyanl(mMv Cyl),
nmonomeri ¢ Ki kunme Green-Redl (nKikGR1l), Kusabira-Cyanl
(KCyl), dimeric Azam -Green (AB) (dAG (AB)), dimeric
Azam - Green (AC) (dAG(AC)), TGuv, Mom ji, COR3.01, COR5,
and DsRed2. Preferable are nKO2, nKeim, mv Cyl, nKO1,
nmKi KGR1, M Cy1l, KCy1l, KO1, dKei ma, dAG( AB), dAG(AC), TGuv,
Mom ji, KikGR, AG COR3.01, COR5, and DsRed2. Moreover,
fromthe viewpoint of facilitating detection of a clear

fluorescent focus in the nethod of the present i nvention,
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nor e preferabl earefl uorescent proteinscapabl eof form ng
a honotetramer, such as TGuv, Mom ji, AG, Ki kGR, COR3. 01,
COR5, and DsRed2, and particularly preferable is AG
Not e that, typically, nKO2, AG KO1, dKei ma, Ki kGR,
nmKei ma, mMi Cy1l, mKO1l, nKi kGR1, M Cyl, KCyl, dAG (AB), dAG
(AC), TGuv, Momji, COR3.01, DsRed2, and COR5 are
respectively a protein having the am no aci d sequence of
SEQ I D NO: 133, a protein having the am no acid sequence
speci fi ed under Genbank ACCESSI ON No: AB107915, a protein
having the am no acid sequence specified under Genbank
ACCESSI ON No: AB128820, a protein having the am no acid
sequence specified under Genbank ACCESSI ON No: AB209968,
a protein having the am no acid sequence specified under
Genbank ACCESSI ON No: AB193293, a protein havingthe am no
acid sequence specified under Genbank ACCESSI ON No:
AB209969, a protein having the am no acid sequence of SEQ
ID NO 137, a protein having the am no acid sequence
speci fi ed under Genbank ACCESSI ON No: AB128821, a protein
havi ng t he am no aci d sequence of SEQIDNO: 139, a protein
having the am no acid sequence specified under Genbank
ACCESSI ON No: AB128822, a protein having the am no acid
sequence of SEQIDNO: 141, a protein havingthe am no acid
sequence of SEQIDNO: 143, a protein havingthe am no acid
sequence of SEQIDNO: 145, a protein havingthe am no acid
sequence of SEQIDNO: 147, a protein havingthe am no acid

sequence of SEQIDNO: 149, a protein havingthe am no acid
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sequence of SEQIDNO: 151, a protein havingthe am no acid
sequence of SEQI D NO: 153, and a protein having the am no
aci d sequence of SEQ ID NO: 172.

The am no acid sequences of these fluorescent
proteinsmay bemutatednaturally (i.e., non-artificially).
Mor eover, a mutation can al so be i ntroduced artificially.
Such a mutant can al so be used in the present invention,
aslongasit canemt fluorescence and forma homonmul ti mer
in a cell.

The "associ ati on-i nduci ng protein"” accordingtothe
present i nventionisaproteinallowingafluorescent focus
to be detected when fused to a fluorescent protein having
a multimerization ability and expressed in a cell, as a
result that such fusion proteins are associ ated with each
ot her, and being present in a dispersed state in a cell
when fused t o nononeri c Azam Green 1l (mAGl) and expressed,
as illustrated in Exanples and Figs. 3 and 4 | ater.

The "associ ati on-i nduci ng protein” accordingtothe
present inventionis preferably a PB1 domai n of p62, a PB1
domai n of TFG, a PB1 domai n of PKCiota, a SAM domai n of
TEL, a SAM domain of DGK delta, and a SAM domai n of
Tankyrase-1. Fromthevi ewpoint of facilitatingdetection
of afluorescent focusinthenethodof thepresent i nventi on,
nore preferable are a PB1 domai n of p62, a PB1 domai n of
TFG, a SAM domai n of TEL, a SAM domai n of DGK delta, and

a SAM domai n of Tankyrase-1.
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In addition, typically, a PBl1 domain of p62, a PBl1
domai n of TFG a PBl1 domain of PKCiota, a SAM domai n of
TEL, a SAM domain of DGK delta , and a SAM domai n of
Tankyrase-1 are respectively a protein having the am no
aci d sequence speci fi edunder SEQI DNO: 4, a protei nhaving
the am no aci d sequence specified under SEQID NO 12, a
protein havingthe am no aci d sequence speci fi ed under SEQ
I DNO: 10, aproteinhavingtheam noaci dsequencespecified
under SEQI DNO: 14, aproteinhavingtheam noacidsequence
speci fied under SEQ ID NO 18, and a protein having the
am no aci d sequence specified under SEQ I D NO. 20.

The am no acid sequences of t hese
"association-inducing proteins” may be nutated naturally
(i.e., non-artificially). Moreover, a mutation can al so
be introduced artificially. Such a mutant having no
associationabilitybyitself canal sobeusedinthepresent
i nvention, as long as it has such a nature of form ng an
assenmbly (fl uorescent focus) when fused to a fl uorescent
protein having a multimerization ability.

Inthe"first fusionprotein" accordingtothepresent
i nvention, the associ ati on-inducing protein may be fused
on either the N-term nus side or the C-term nus side of
the first protein. Further, the association-inducing
protein may be fusedtothe first proteindirectly, or may
be fused indirectly via a spacer protein. Furthernore,

the "first fusion protein" according to the present
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i nventi on may be fused to anot her functi onal protein. 1In
this case, the other functional protein may be fused on
one or both of the N-term nus side and the C-term nus si de
of thefusionprotein, or may befuseddirectlyorindirectly
bet ween the associ ation-inducing protein and the first
protein. Theother functional proteinisnot particularly
limted, and selected as appropriate depending on a
functiondesirablyprovidedtothefusionproteinaccording
tothepresent i nventi on. Exanplesof afunctional protein
used to facilitate purification of the fusion protein
includeaMyc-tagprotein, aHi s-tagprotein, ahemaggl utin
(HA)-tagprotein, aFLAG tagprotein(registeredtrademark,
Sigma-Aldrich Co.), a glutathione S-transferase (GST)
protein, and also a fluorescent protein that exhibits
wavel ength characteristics different fromthose of the
fluorescent protein having a multimerization ability in
the second fusion protein.

In the "second fusion protein" according to the
present invention, the fluorescent protein having a
mul timerization ability may be fused on either the
N-term nus sideor theC-term nus si deof thesecondprotein,
as inthe case of the "first fusion protein." Moreover,
the fluorescent protein having a multimerization ability
may be fusedtothe second proteindirectly, or may be fused
indirectly via the spacer protein. Furt hernore, the

"second fusi onprotein” accordingtothe present i nventi on
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may be fused to the above-described other functional
protein. Inthis case, the other functi onal protein may
be fused on one or both of the N-term nus side and the
C-term nus side of the fusion protein, or may be fused
directly or indirectly between the fluorescent protein
having a mul timerization ability and the second protein,
as in the case of the "first fusion protein.”

The "cell" according to the present invention are

not particularly limted, and may be an eukaryotic cell,

or may be a prokaryotic cell. Exanples of the "cell"
i nclude an ani mal cell (HeLaS3 cell, U20S 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
bei ng present in vivo (for exanple, cells in atransgenic
animal in which a DNA encoding the first fusion protein
and a DNA encoding the second fusion protein are
i nt roduced).

The expression of the fusion proteins in the cell
according to the present invention may be a transient
expression or aconstitutive expressi on, dependi ng onthe
pur pose. The fusion proteinsinthecell can be expressed
by introducing into the cell a vector according to the
present invention, which wll be described |ater.

Exanpl es of known techni ques for introducing the vector
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into the cell include, in the case of an animal cell, a
i pofecti onnmethod, anel ectroporati onnmethod, aphosphate

cal cium method, a DEAE-dextran method, and nmethods

utilizing a virus (adenovirus, | entivirus,
adeno-associ ated virus, or the like). Moreover, in the
case of an insect cell, the exanples include nethods
utilizing a baculovirus. Further, inthe case of a pl ant
cell, the exanples include an Agrobacterium method, an

el ectroporation method, alithiumacetate method, and t he
like. In addition, in the case of yeasts, the exanmples
includealithiumacetatenmethod, anel ectroporationnmethod,
and a spheroplast nethod. Furthermore, in the case of
Escherichiacoli, the exanmpl es i nclude a heat shock met hod
(for example, a calcium chloride method, a rubidium
chl oride met hod), an el ectroporationmethod, andthelike.

A "fluorescent focus" to be detected in the present
invention is formed by an associ ati on between the first
fusion protein and the second protein. Typically, the
"fluorescent focus" has a fluorescence intensity in a
region of 0.2 to 5 um the fluorescence intensity being
hi gher than a fluorescence intensity of a fluorescent
proteinhavinganmultimerizationability, whichis present
inadi spersedstate (see Exanpl esdescribedl| ater andFi gs.
1 and 2).

The "detection of the fluorescent focus" can be

carried out, for exanmple, through observation using a
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fl uorescencem croscopeincludinganexcitationfilter and
anabsorptionfilter correspondingtoafluorescent protein
having a multimerization ability, and anal ysis using an
I mgi ng cytoneter such as IN Cell Analyzer (manufactured
by GE Heal t hcare).

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.

<Screeni ng Met hod f or Associ ati on-1nduci ng Protei n>

The associati on-inducing protein according to the
present i nventi oncan be sel ected, as descri bedi n Exanpl es
| ater, by ascreeni ngmethod comprisingthefoll owi ngsteps
(a) to (c):

(a) expressinginacell afusion proteinconprising
a test protein and mAGL;

(b) expressinginacell afusion protein conprising
the test protein and a fluorescent protein having a
mul timerization ability; and

(c) sel ecting t he t est protein as an
associ ati on-i nduci ngproteinif afluorescent focusi s not
detected in step (a) but a fluorescent focus i s detected

in step (b).
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The "t est protein” accordingtothe present i nvention
Is not particularly imted, and it is possible to use
desired pr ot ei ns i nt ended for det ection of
associ ation-inducing ability.

Note that the "mAGl" (nonomeric Azam Green 1) is
typically a protein having the am no aci d sequence of SEQ
| DNO: 135. Moreover, the am no aci d sequence of aprotein
may be nutated naturally (i.e., non-artificially).
Further, a mutation can al so be introduced artificially.
Such a mutant can also be used in the present invention,
as long as it can emt fluorescence and can be present in
a monomeric formin the cell

The fluorescent protein having a multimerization
ability used in the screening met hod for an
associ ation-induci ng protein of the present inventionis
as descri bed above.

In the "fusion protein conmprising the test protein
and mAGl" or the"fusionproteinconprisingthetest protein
and the fluorescent protein having a multimerization
ability" according to the present invention, the mAGlL or
the fluorescent protein having a multimerization ability
may be fused oneither the N-term nus si deor the C-term nus
side of the test protein. Moreover, the mAGlL or the
fluorescent protein having a nultimerization ability may
be fused to the test protein directly, or may be fused on

indirectly via the spacer protein. The "test protein”
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according to the present invention my be fused to the
above-descri bed other functional protein. Inthis case,
t he ot her functional protein may be fused on one or both
of the N-term nus side andthe C-term nus si de of the fusion
protein, or may be fused directly or indirectly between
t he mAGL  or the fluorescent protein havi ng a
mul timerization ability and the test protein.

Inthe screening of the present invention, the test
proteinis selected as an associ ati on-i nducing proteinif
a fluorescent focus is not detected when fused to t he mAGL
and expressedinthecell but afluorescent focusi sdetected
when fused to the fluorescent protein having a
mul timerization ability and expressed in the cell.

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

As described in Exanples, particularly Exanmple 12,
| ater, the met hod of the present invention is capabl e of
detecting not only a protein-protein interaction taking
pl ace, but al so a protein-proteininteraction endi ng, on
the basis of the presence or absence of the fluorescent
focus according to the present invention. Moreover, as
descri bed i n Exanpl es such as Exanples 19, 24 to 28, it
is al so possible to trace occurrence or the |Iike of such
a protein-protein interaction over tine. Furt her, as
descri bed i n Exanpl es such as Exanpl es 20t o0 22, t he present

i nvention is al so capabl e of detecting a protein-protein
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interactioninanyregioninacell without beinginfluenced
by | ocal i zati on of an associ ati on-i nduci ng protein and a
fluorescent proteinhavinganultimerizationability, and
so forth.

Thus, the present invention can provide a nethod,
wherein the fluorescent focus according to the present
inventionisdetectedtodetect aninteractiontakingplace
or ending, a period until the interaction takes place or
ends, or a duration of the interaction.

Indetectingthe"interactiontakingplaceor endi ng"
in the manner descri bed above, the present invention is
al so capabl e of specifying an intracellul ar regi on where
the protein-proteininteraction takes place as descri bed
particularly in Exanple 21 | ater.

Additionally, as described in Exanples such as
Exanpl es 19, 23, 27 to 29 |l ater, according to the present
i nvention, detecting the "interaction taking place or
endi ng" makes it possi ble to detect a signal transduction
occurring and ending, in which the protein-protein
interaction is involved, a period until the signal
transducti on occurs or ends, and a duration of the signal
transduction, and alsoto specify anintracellul ar regi on
where the signal transduction occurs.

Mor eover, as descri bedin Exanmpl es| ater, the present
i nventionis capabl e of detectingthe interaction between

the first protein and the second protein, even if the
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i nteractiontakes place or endsinresponsetoaparticular
stimulus. Thus, the present invention can al so provide
a met hod for detectingthe fluorescent focus accordingto
the present invention, wherein the fluorescent focus is
detected to detect the interaction taking place or endi ng
In response to a particular stinmulus, a period until the
interaction takes place or ends, or a duration of the
I nteraction.

It is only necessary that the "particul ar sti nmul us”
according to the present invention be a stinulus 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 exampl e, i ncrease or decrease
inintracellular calciumionconcentration, activati on or
i nactivation of an enzyne), or may be a stinul us applied
to a cell fromthe outside (for exanple, adm nistration
of aligand (agoni st or antagoni st) toareceptorinacell).

Further, as particularly described in Exanples 19,
24 to 28 | ater, such a method of the present inventionis
al socapabl eof detectingaparticular stimulationstarting
or ending, aperioduntil the stinmulation starts or ends,
or a duration of the stinulation, by detecting the
fluorescent focus according to the present invention.

Furt hernmore, as described in Exanples such as

Exanmpl es11and 13| ater, themet hod of t he present i nventi on
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is al so capabl e of detecting an increase or decrease of
a protein-proteininteractioninaccordance with a degree
of the particular stinmulus (for exanple, 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 nhi bitory concentration (IC50) of the drug against a
protein-protein interaction can be determ ned by the
present invention.

In addition, as described in Exanple 29 | ater, the
met hod  of the present invention is capable of
di sti ngui shing and detecting, inasinglecell, multiple
types of protein-proteininteractions, nmultipletypes of
protein-protein interactions dependent respectively on
particular stimuli, and eventually a signal transduction
I nwhichthese protein-proteininteractions areinvol ved.

<Screening Method for Protein Interacting with
Particul ar Protein>

As described in Exanples, particularly Exanple 30,
| ater, the present invention makes it possible to detect
any protein-protein interaction. Thus, the present
i nvention can provi de a method for screening for a protein
interacting with a particular protein, wherein

one of the first protein and the second protein is
t he particul ar protein, whilethe other is atest protein,

and
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a protein interacting with the particular protein
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 l|ater, the fluorescence
intensity of a fluorescent focus and a strength of a
protein-proteininteraction correlate with each other in
the present invention. Thus, the present invention can
provi de a met hod for identifying any one of an am no acid
residue inthe first protein and an am no acid resi due in
the second protein, which are involved in the protein
I nteraction, wherein

in a case where a protein in which a nutation is
introduced i s used as any one of the first protein and the
second protein, if anintensity of the fluorescent focus
is reduced in conparison with a case of using a protein
inwhichnonutationisintroduced, the am no acid residue
in which the nmutation is introduced is determ ned to be
involved in the interaction.

The"fl uorescenceintensityof thefluorescent focus”
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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 a certain region(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
mut agenesi s.

< Screening Method for Substance Capable 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:

expressinginacell afirst fusionproteinconprising
afirst protein and an associ ati on-i nduci ng protein, and
a second fusion protein conprising a second protein and
a fluorescent protein having a nmultimerization ability,
in presence of a test conpound,

detecting a fluorescent focus formed by an
associ ati onbetweenthefirst fusionproteinandthe second

fusion protein in the cell; and
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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 fornmed in the absence
of the test conpound.

The test compound used in the screeni ng met hod of
t hepresent i nventionisnot particularlylimted. Exanpl es
t hereof i nclude an expressi on product froma gene library,
a synthetic | ow-nol ecul ar-wei ght conpound |ibrary, a
peptide library, an anti body, a substance rel eased by a
bacterium a liquid extract and a culture supernatant of
cells (mcroorganisnms, plant cells, animal cells), a
purified or partially purified polypeptide, an extract
derived froma marine organism plant, or animal, soil,
and a random phage peptide display library.

Mor eover, exanpl es of astateof beinginthepresence
of thetest compoundi ncludeastatewherethecell accordi ng
to the present invention are in contact with the test
conmpound by addition or the |ike of the test conpound to
a medi um and a state wherethetest conpoundi s introduced
in the cell according to the present invention

<Kit for Use in Methods of the present invention>

The present invention can provide a kit for use in
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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 (j):

(a) a vector conmprising a DNA encoding the
associ ation-inducing protein and a cloning site all owi ng
an insertion of a DNA encodi ng a certain protein in such
a manner that the certain protein is fused to the
associ ation-inducing protein when expressed;

(b) avector conprisingaDNAencodi ngthefl uorescent
proteinhavingamnultinmerizationabilityandacloningsite
al l owi ng an i nsertion of a DNA encodi ng a certain protein
in such a mnner that the certain proteinis fused to the
fluorescent protein when expressed,

(c) a vector comprising a DNA encodi ng mAGL and a
cloning site allowing an insertion of a DNA encoding a
certain proteininsuch a manner that the certain protein
is fused to the fluorescent protein when expressed;

(d) a vector encoding the first fusion protein;

(e) a vector encoding the second fusion protein;

(f) a vector set conprising the vector accordingto
any one of (a) and (d) and t he vector according to any one
of (b) and (e);

(g) a vector set conmprising the vector accordingto
(b) and the vector according to (c);

(h) atransformed cell conmprising a vector encodi ng
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the first fusion protein;

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

(j) atransformed cell comprising a vector encodi ng
the first fusion protein and a vector encodi ng t he second
fusi on 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 theinserted DNAin the cell accordingto
the present invention. Exampl es of such a regul atory
sequence include a pronoter, an enhancer, a silencer, a
term nator, a poly(A) tail, and a ribosomal binding site
(Shi ne- Dal garno (SD) sequence). Further, the vectors
accordingtothepresent i nventi onmay conpriseaselection
mar ker (such as a drug resistance gene), and a reporter
gene (such as a luciferase gene, a P-galactosidase gene,
a chl oranpheni col acetyltransferase (CAT) gene).
Mor eover, exanpl es of a type of such vectors accordingto
t he present i nventionincludeaplasm dvector, anepi somal
vector, and a viral vector.

The proteins encoded by the vectors accordingtothe
present i nventi onare, as descri bed above, aproteinhaving
an association-inducing ability, a fluorescent protein
havi ngamul timeri zationability, mAGl, andf usi on proteins

with these proteins. From the viewpoint of further
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i mproving the efficiency of expressing a DNAencodi ng such
a protein, a DNAhaving codons optim zedinaccordancew th
t he speci es of acell expressingthe protein (for exanpl e,
humani zed-codon DNA) may be inserted in the vectors
according to the present invention.

Exanpl es of the "cloning site allowi ng an insertion
of a DNA encoding a certain protein” in (a), (b), and (c)
above include a nmultiple cloning site containing one or
nore restriction-enzyme recognition sites, a TA cl oning
site, and a GATEWAY(regi stered trademark) cloning site.

To a preparation of the vectors according to the
present invention, other conmponents such as a buffer, a
stabilizer, apreservative, andananti septic nmay be added.

The transformed cell according to the present
i nvention can be prepared, as described above, by
i ntroducingthevectors accordingtothepresent i nvention
intoacell. Moreover, toapreparationof thetransforned
cell accordingtothepresent 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
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t he present i nvention, and i nformation onthe preparation
of the present invention (for exanple, information such
as avector mapindi catingthe base sequence, cl oningsite,

and the | i ke of the vectors, informati on on the origin and
nature of the transformed cell, culture conditions of the
cell, and so forth).

[ Exanmpl es]

Her ei nafter, the present i nventionwi || be descri bed
nore specifically based on Exanpl es. However, t he present
invention is not limted to the follow ng Exanpl es.

(Exampl e 1)

<Screening 1 for Association-Inducing Protein>

For constructing a system for detecting a
protein-proteininteraction, proteins were searched for,
whi ch functioned as the "association-inducing protein”
according to the present invention, on the basis of the
concept illustrated in Figs. 1 and 2 and by the nethod
illustratedinFigs. 3and 4. Specifically, screened for
were proteins, which were present in a dispersed manner
inacell when fused to monomeric Azam Green 1 (mAGl) (see
Fig. 4), whil e bei ngcapabl eof formngafluorescent focus
(assenmbly) in a cell when fused to a fluorescent protein
having a multimerization ability (see Fig. 3).

As such screening targets, first of all, attention
was focused on a PB1 (Phox and Bemlp) domain. A protein

composed of MAGL fused to a PB1 domai n of p62 (herei nafter,
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also referred to as "p62(PB1)"), and a protein conposed
of p62(PB1l) fused to Azam Green (AG) serving as the
fluorescent proteinhavinganultimerizationability were
expressedinculturedcells. Then, anassoci ati on between
t he fusi on proteins and eventual ly t he presence or absence
of formati on of afluorescent focus formed by the assenbly
formati on wer e exam ned by a met hod descri bed bel ow. Note
t hat AGhas been knownto forma honotetramer. Fig. 5shows
the obtained result.

(Preparation of Plasm d DNAs)

As a plasm d DNA for fusing mAGlL, phmAGl- MCLi nker
(manufactured by limted company Amal gaam Co., Ltd.) was
used.

Meanwhile, in preparing a plasmd for fusing AG
(phAG- MCLi nker), first, ahumani zed-codon Azam Green ( AG
gene (DNA encodi ng a regi on havi ng the am no aci d sequence
of SEQID NO. 2 (the DNA had the base sequence of SEQ I D
NO: 1) was artificially synthesized. PCR anplification
was carried out wusing the artificially synthesized
humani zed- codon AG (hAG) gene as a tenplate, and the
followi ng primer set:

hAG f orward primer 1,
5' - CTAGCTAGCATTGCCACCATGGT GAGCGT GATCAAGCCCGAG- 3! ( SEQ
ID NO. 57), and

hAG reverse pri mer 1;

5' - ACTACCGGTCTTGGCCTGGCT GGGCAGCATGCTGTACC- 3' ( SEQI DNO:
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58) .

Then, the anmplification product thus obtained was
cleaved with Nhel and Agel, and inserted into
phmAGl- MCLi nker having been treated with the sanme
restriction enzymes. Thus, phAG MCLi nker was prepared.

Furt her, in preparing phmAGl- p62( PB1) and
phAG p62(PB1), first, a DNA encodi ng a PB1 domai n of p62
(region having the am no acid sequence of SEQ I D NO: 4)
(the DNA had t he base sequence of SEQI DNO: 3) was anplified
fromacDNAIl i braryof HeLaS3cel | sby PCRusi ngt hefoll ow ng
pri mer set:

p62( PB1) forward primer 1;
5' - AAGAATTCGATGGCGT CGCTCACCGTGAAGGCCTACCTTCTGGGC- 3!
(SEQ I D NGO 59), and

p62( PB1) reverse pri mer 1;
5' - AATTGGCGGCCGCTTATTTCTCTTTAATGTAGATTCGGAAGATGTC- 3!
(SEQ I D NO. 60).

Then, the anmplification product thus obtained was
cleaved with EcoRI and Notl, and inserted into
phAG MCLi nker and phmAGl1- MCLi nker havi ngbeentreatedw th
the sanme restriction enzymes; thus, phAG p62(PBl) and
phmAGl- p62( PB1) were prepared, respectively.

(Transfection into Cultured Cells)

HeLaS3 cells were used as cultured cells into which
t he phAG- p62( PB1) andt he phmAGl- p62( PB1) werei ntroduced.

Not e t hat HeLaS3 cells were cultured in DMEM Low gl ucose
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(manuf actured by SIGVA ALDRICH CO.) containing 10% FBS
(manuf actured by Equitech-Biolnc.). Moreover, onthe day
beforethetransfection, the HeLaS3 cel |l s were seeded onto
a 35-mmgl ass base di sh (manufactured by Asahi G ass Co.,
Ltd.). Further, at the tinme of the transfection, 1 ug of
the phAG p62(PBl) or phmAGl-p62(PB1l) was diluted with
Opti MEM ( manuf actured by Li fe Technol ogi es Cor poration),
and 10 pl of Pol yFect (R) Transfecti onReagent (manufactured
by QI AGEN N. V.) was added thereto and stirred. Then, the
resultant was further m xed with 600 ul of the culture
sol ution, subsequently added to the HeLaS3 cells, and
observed 22 hours thereafter.

(Observation of Transfected Cells)

After the transfection treatment, the HeLaS3 cells
were observed in a buffer at pH 7.4 containing Hanks'
Bal anced Sal t Sol uti ons (manuf acturedby Life Technol ogi es
Cor poration) and 20 mM HEPES (manufactured by Dojindo
Laboratories), wusing an |X-71 inverted fluorescence
m croscope (manufactured by O ympus Corporation), a
U- MGFPHQf i I t er (manuf act ured by O ynmpus Cor por ati on), and
an ORCA-ER digital canmera (manufactured by Hamanmatsu
Photonics K. K.).

As apparent fromthe result showninFig. 5 p62(PB1l)
was present in a dispersed state in the cells when fused
to MAGL. On the other hand, when p62(PB1l) was fused to

AG, afluorescent proteinhavingamultimerizationability,
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fluorescent foci weredetectedinthecells, revealingthat
fusi onproteinsconposedof p62(PB1) and AGwer e associ at ed
wi th each other, form ng the fluorescent foci. Thus, it
was reveal ed t hat t he PB1 domai n of p62 itself didnot have
an association ability, but had a nature of form ng an
assenmbly (fl uorescent focus) whenfusedtothefl uorescent
proteinhavingamultinmerizationability, suggestingthat
the PB1 domain of p62 was suitably usable as the
associ ation-inducing protein according to the present
I nvention.
(Exampl e 2)

<Detection 1 of Protein-Protein Interaction>

In order to verify that the PBl1 domain of p62 was
suitably wusable as the association-inducing protein
according to the present invention, in other words, to
verify that the PB1 domain of p62 was applicable to the
nodel illustrated in Figs. 1 and 2, a test was conducted
by a method described below wusing proteins whose
i nteraction was inducible by adding a drug. Figs. 6 to
8 show the obtained results.

Not et hat a FRBdomai n of amlfORprotein(al soreferred
to as "mMIOR(FRB)" or "mIOR(FRB domain)") and a FKBP12
protein usedin Exanmple 2 have been known to i nteract with
each other inthe presence of rapanmycin (see ChenJ et al .,
Proc Natl Acad Sci US A., May 23, 1995, vol. 92, no. 11,

pp. 4947 to 4951).
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(Preparation of Plasm d DNAs)

I npreparingaplasmdfor fusi ng AG(phAG MNLi nker),
first, a humanized-codon Azam Green (AG) gene was
anmplified by PCRusi ng phAG MCLi nker as a tenpl ate and t he
followi ng primer set:

hAG f orward primer 2;
5' - GGACCGGTATGGTGAGCGTGATCAAGCCCGAG- 3" (SEQ I D NO: 61),
and

hAG reverse pri mer 2;
5' - TTTCTAGATCACTTGGCCTGGCTGGGCAGCATGC- 3' ( SEQI DNO: 62) .

Then, the anplification product thus obtained was
cleaved with Agel and Xbal, and inserted into
phmAGLl- MNLi nker (manufacturedbylimtedcompany Amal gaam
Co., Ltd.) having been treated with the sane restriction
enzymes. Thus, phAG MNLi nker was prepared.

Meanwhil e, i npreparingaplasmdfor fusing p62(PB1)
(pp62( PB1) - MNLi nker), first, the DNAencodi ng a PB1 domai n
of p62 (region having the am no acid sequence of SEQ ID
NO: 4) (the DNA had the base sequence of SEQI D NO:. 3) was
amplifiedfromthe cDNAIl I brary of HeLaS3 cel |l s by PCRusi ng
the followi ng prinmer set:

p62( PB1) forward primer 2;
5' - GGGACCGGTATGGCGTCGCTCACCGTGAAGGCCTACCTTC-3" (SEQ ID
NO. 63), and

p62( PB1) reverse pri mer 2;

5' - ACCTCTAGATTATTTCTCTTTAATGTAGATTCGGAAGATG- 3" (SEQ ID
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NO: 64).

Then, the anmplification product thus obtained was
cleaved with Agel and Xbal, and inserted into
phmAGl- WNLi nker having been treated with the sanme
restriction enzynmes. Thus, pp62(PB1)-MWNLi nker was
prepared.

Further, inpreparingtheplasmdfor fusing p62(PB1)
(pp62( PB1) - MCLi nker), first, the DNAencodi ng a PB1 domai n
of p62 (regi on having the am no acid sequence of SEQ ID
NO: 4) (the DNA had the base sequence of SEQI D NO: 3) was
anmplifiedby PCRusingthepp62(PB1l)-M\Li nker as atenpl ate
and the follow ng primer set:

p62( PB1) f orwar d pri mer 3;
5' - TAGCGCTAGCATTGCCACCATGGCGTCGCT CACCGT GAAGGCCTACCTTC-
3' (SEQ ID NO. 65), and

p62( PB1) reverse primer 3;
5' - AAAACCGGTTTTCTCTTTAATGTAGATTCGGAAGATG- 3" ( SEQ I D NO:
66) .

Then, the anplification product thus obtained was
cleaved wth Nhel and Agel, and inserted into
phmAGl- MCLi nker having been treated with the same
restriction enzynes. Thus, pp62(PB1)-MCLIi nker was
prepar ed.

Mor eover, i nprepari ng pmlfOR( FRBdomai n) - hAG, first,
a DNAencodi nga FRBdomai n of mfTOR(regi on havi ngt he 2025t h

to 2114th am no aci ds of the mIOR protein, the regi on had
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t he am no acid sequence of SEQI D NO: 22) (t he DNA had t he
base sequence of SEQID NGO 21) was anmplified fromthe cDNA
|'i brary of HeLaS3 cells by PCRusing the foll owi ng primer
set:

mTl OR( FRB) forward pri mer;
5' - GCCGAATTCGGCCACCAT GGAGAT GTGGCATGAAGGCCT GGAAGAGGCATC
TCG-3'" (SEQ ID NO 67), and

mTl OR( FRB) reverse primer;
5' - GGGCTCGAGCCCTGCTTTGAGATTCGT CGGAACACATGATAATAGAGGTCC
C-3' (SEQ I D NO: 68).

Then, the anplification product thus obtained was
cleaved with EcoRl and Xhol, and inserted into
phAG- MNLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, pmlfOR( FRB domai n) - hAGwas prepared. Note
that the pmlfOR( FRB donmai n) - hAG encodes a fusion protein
conposed of MFOR( FRB) and an AGprotein (the fusion protein
may al so be referred to as "mMIOR( FRB) - AG") .

Further, inpreparingpp62(PBl)-FKBP12, first, a DNA
encodi ng FKBP12 (full | ength, region having the am no aci d
sequence of SEQID NO: 24) (the DNA had the base sequence
of SEQ I D NO: 23) was anplified fromthe cDNA |i brary of
HeLaS3 cells by PCR using the follow ng primer set:

FKBP12 f orward pri mer;
5' - GCCGAATTCGATGGGAGT GCAGGTGGAAACC- 3" (SEQ I D NO: 69),
and

FKBP12 reverse primer;
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5' - GGGCTCGAGTTATTCCAGTTTTAGAAGCTCCA- 3" (SEQ I D NO: 70).
Then, the anmplification product thus obtained was
cleaved with EcoRl and Xhol, and inserted into
pp62( PB1) - MCLi nker having been treated with the same
restrictionenzymes. Thus, pp62(PB1) - FKBP12 was pr epar ed.
Note that the pp62(PBl)-FKBP12 encodes a fusion protein
composed of p62(PBl) and a FKBP12 protein (the fusion
protein may also be referred to as "p62(PB1) - FKBP12").

Meanwhi | e, in preparing phAG FKBP12, first,
phAG MCLi nker was cl eaved with Nhel and Agel to prepare
a hAGl gene. Then, the hAGlL gene was inserted into
pp62( PBl) - FKBP12 having been treated with the sane
restrictionenzynestocut out ap62(PB1l) regiontherefrom
Thus, phAG FKBP12 was prepared.

Furt her, in preparing phmAGl- FKBP12, first,
phmAGl- MCLi nker was cl eaved with Nhel and Agel to prepare
a hmAGlL gene. Then, the hmAGl gene was inserted into
pp62( PBl) - FKBP12 having been treated with the sanme
restrictionenzynestocut out ap62(PB1l) regiontherefrom
Thus, phmAGl- FKBP12 was prepar ed. Note that the
phmAGl- FKBP12 encodes a fusion protein conposed of a mAGl
protein and a FKBP12 protein (the fusion protein may al so
be referred to as "mAGl- FKBP12").

Furt her nore, in preparing pmTOR( FRB
domai n) - p62(PB1), first, pp62(PB1l)-VMNLi nker was cl eaved

wi t h Agel and Xbal to prepare a p62(PB1) gene. Then, the
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gene was inserted into pmlfOR(FRB domai n) - hAG havi ng been
treated with the same restriction enzynmes to cut out a hAG
regi on therefrom Thus, pmlfOR(FRB donmai n)-p62(PBl) was
prepared. Note that the pmlrOR(FRB domain)-p62(PBl)
encodes afusionproteincomosed of mTOR( FRB) and p62( PB1)
(the fusion protein my also be referred to as
" MTOR( FRB) - p62( PB1) ") .

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng conmbinations of the plasmd
DNAs was m xed i n equal anounts and i ntroduced i nt o HeLaS3
cells by the same met hod as that described i n Exanpl e 1:

a conbination of pmlfOR(FRB domain)-hAG with
pp62( PB1) - FKBP12;

a conbination of phAG FKBP12 with pmlOR(FRB
domai n) - p62(PB1); and

a conbination of phmAGl-FKBP12 with pmlrOR(FRB
domai n) - p62( PB1) .

Mor eover, the transfected cells were observed al so
by t he same met hod as that described in Exanple 1. Then,
fluorescence i mges were captured before 100 nMrapamycin
(manuf act ured by Mer ck KGaA) was added and 300 seconds after
the addition.

As apparent from the result shown in Fig. 6,
MIOR( FRB) - AG was present in a dispersed manner before

rapamyci nwas added (seet hel eft panel inFig. 6); meanwhil e,
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fluorescent foci were detected in the cells after the
addition (see the right panel in Fig. 6). Moreover, as
apparent fromthe result shown in Fig. 7, AG FKBP12 was
present in a di spersed manner before rapamycin was added
(see the upper panel in Fig. 7); meanwhile, fluorescent
foci were detected in the cells after the addition (see
the | ower panel in Fig. 7). Thus, it was reveal ed that
by t he rapamyci n-dependent i nteraction bet ween mIrOR( FRB)
and the FKBP12 protein, nmlOR(FRB)-AG was autononously
associated with p62(PBl)-FKBP12, and AG FKBP12 was
aut ononousl y associ ated with mlfOR( FRB) - p62( PB1), t her eby
both form ng fluorescent foci.

On t he ot her hand, as apparent fromthe result shown
inFig. 8 inthecase where mAGlL was used asthefl uorescent
protein, no fluorescent focus was detected in the cells
after rapamycin was added, and no rapanyci n-dependent
assembly formati on was observed. Thus, it was reveal ed
that if the fluorescent protein having a nultimerization
ability andthe associ ati on-induci ng proteinwerenot used
in conbination, no assembly was formed by the
protein-proteininteraction and no fluorescent focus was
detected, verifying that the nmodel illustrated in Figs.
1 and 2 was practicable.

(Exampl e 3)
<Detection 2 of Protein-Protein Interaction>

In order to verify that the PBl1 domain of p62 was
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applicable to the nodel illustrated in Figs. 1 and 2, a
test was conducted by a met hod descri bed bel ow usi ng t he
FRB domai n of mlOR and FKBP12 descri bed above. Figs. 9
to 11 show the obtained results.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng combinations of the plasmd
DNAs was m xed i n equal anmounts and i ntroduced i nt o HeLaS3
cells by the same met hod as t hat descri bed i n Exanpl e 2.
Then, fluorescence imges were captured before 100 nM
rapamyci n (manufactured by Merck KGaA) was added and 300
seconds after the addition.

A combination of pmMTOR(FRB domain)-hAG wth
pp62( PB1) - FKBP12;

a conmbination of pnmMTOR(FRB domain)-hmAGL with
pp62( PBl) - FKBP12; and

a conbination of pmlfOR(FRB domain)-hAG with
pp62( PB1_nc) - FKBP12.

(Preparation of Plasm d DNAs)

By the same met hod as that described in Exanple 2,
pmMITOR( FRB domai n) - hmAGl1 was prepared by cutting out a DNA
encodi ng hAG from pmlfOR( FRB domai n) - hAG, and inserted a
DNA encoding hmAGLl into that position instead.

Mor eover, pp62(PBl _nc)-FKBP12 was prepared by
i ntroduci nganutati onusi ngpp62(PB1) - FKBP12as atenpl at e,

and AMAP(TM) Mul ti Site-directed Mutagenesis Kit
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(manufactured by limted conmpany Amal gaam Co., Ltd.)
accordingtothe attached instruction, withthe foll ow ng
pri mer:

a primer having the DNA sequence of SEQ I D NO 154:
5' - GCTTCCAGGCGCACTACCGCGCTGAGCGCGGGGACTTGGTTGCCTTTTC- 3

Note that p62(PBl_nc) is a mutant obtained by
i ntroducing a 2-am no acid mutationto an interface where
p62(PBl) interacts with another p62(PBl), so that the
mut ant has no associ ation-inducing ability.

As apparent fromtheresult showninFig. 9, simlarly
to the result described in Exanple 2, mIOR(FRB)-AG was
present in a di spersed manner before rapamycin was added
(seetheupper panel inthefigure); meanwhil e, fl uorescent
foci were detected in the cells after the addition (see
the | ower panel in the figure).

On t he ot her hand, as apparent fromthe result shown
in Fig. 10, simlarly to the result described in Exanpl e
2, inthecasewheremAGl was usedasthefl uorescent protein,
no fluorescent focus was detected in the cells even after
rapanmyci n was added, and no rapamnmyci n-dependent assenbly
formati on was observed.

Further, as apparent fromthe result shown in Fig.
11, in the case where the nmutant p62(PBl_nc) no | onger
capable of formng a honomultimer was used in place of
p62(PBl) also, no fluorescent focus was detected in the

cells even after rapamycin was added, and no
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rapamyci n-dependent assenbly formation was observed.

Thus, it wasrevealedthat if thefluorescent protein
havi ng a mul timerization ability and t he
associ ati on-i nduci ng protei nwerenot usedi ncombi nati on,
no assenbly was formed by t he protein-proteininteraction
and no fluorescent focus was detected, verifyingthat the
nodel illustrated in Figs. 1 and 2 was practicable.

It should be noted that the method for detecting a
protein-protein interaction of the present invention is
a nethod totally different fromconventional methods for
detecting a protein-protein interaction in that
fluorescent foci are autononously formed only when a
protein-protein interaction takes place.

(Exampl e 4)

<Screening 2 for Association-Inducing Protein>

In order to find out associ ati on-i nduci ng proteins
havi ng natures sim | ar tothose of p62(PB1l), screeni ng was
carried out by the same met hod as t hat descri bed i n Exanpl e
1.

As such screeni ng targets other thanthe PB1l domai n,
attention was focused on a SAMdomai n. A protein conposed
of mMAGl fused to a PB1 domai n or a SAMdomai n derived from
proteins, or a protein conmposed of AG serving as the
fluorescent proteinhavingamnultinmerizationabilityfused
to a PB1 domai n or a SAMdomai n derived fromproteins was

expressedinculturedcells. Then, anassoci ati on between
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t he fusi on proteins and eventual ly t he presence or absence
of formation of a fluorescent focus fornmed by the
associ ati on were exam ned by a method descri bed bel ow.
Figs. 12 to 15 show the obtained results.

(Preparation of Plasm d DNAs)

To fuse the PB1 domai n or t he SAMdomai n derived from
theproteinsonthe C-term nus sideof afluorescent protein
viaaflexiblelinker for the expression, phmAGl- MCLi nker
was used as a plasm d for fusing mMAGl, and phAG MCLi nker
was used as a plasmd for fusing AG

Specifically, in preparing phmAGl- MEK5(PB1) and
phAG MEK5(PB1), first, a DNA encodi ng a PB1 domai n of MEKS5
(region having the 16th to 109th am no aci ds of the MEKS5
protein, the region had the am no aci d sequence of SEQID
NO: 6, also referred to as "MEK5(PB1)") (the DNA had t he
base sequence of SEQID NO: 5) was anplified fromthe cDNA
|'i brary of HeLaS3 cells by PCRusing the foll owi ng primer
set:

MEK5( PB1) forward pri mer;
5' - CCGAATTCGGTGCTGGTAATTCGCATCAAGATCCCAAA- 3" ( SEQI DNC:
71), and

MVEK5( PB1) reverse primer;
5' - TTCTCGAGTTAGCAGGCTCTTGGAAATATCTGCAG- 3' (SEQ 1D NO
72).

Then, the anplification product thus obtained was

cleaved with EcoRI and Xhol, and inserted 1into
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phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedwi th
the sanme restriction enzynmes; thus, phmAGl- MEK5( PB1) and
phAG- MEK5( PB1) were prepared, respectively. Note that
these pl asm d DNAs encode a fusion protein conmposed of a
mAGl protein and MEK5(PB1l) (the fusion protein may al so
be referred to as "mAGl- MEK5(PB1) "), and a fusi on protein
composed of an AGproteinand MEK5(PB1) (the fusionprotein
may al so bereferred to as "AG MEK5(PB1)"), respectively.

Meanwhi | e, in preparing phmAGl-Nbr1(PBl) and
phAG Nbr 1(PB1), first, a DNA encodi ng a PB1 domai n of Nbr1l
(regionhavingthe4thto85tham noaci dsof t heNbr1protein,
the region had the am no acid sequence of SEQ I D NO: 8,
also referred to as "Nbr1(PB1)") (the DNA had the base
sequence of SEQIDNO: 7) was anplifiedfromthe cDNAII brary
of HeLaS3 cells by PCR using the followi ng prinmer set:

Nbr 1( PB1) forward primer;
5' - AAGAATTCGGCAGGTTACTCTAAATGTGACTTTTAAA- 3" (SEQ I D NO:
73), and

Nbr 1( PB1) reverse pri mer;
5' - TTCTCGAGTTACCCTTCGTGGACTTGCATCTGCAGTT- 3" (SEQ I D NC:
74) .

Then, the anmplification product thus obtained was
cleaved with EcoRl and Xhol, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedw th
the same restriction enzymes; thus, phmAGl- Nbr 1( PB1) and

phAG Nbr 1( PB1) were prepared, respectively. Note that
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t hese plasm d DNAs encode a fusi on protein conmposed of a
mMAGLl protein and Nbr1(PBl) (the fusion protein may al so
be referred to as "mAGLl- Nbr1(PB1) "), and a fusi on protein
composed of an AGproteinand Nbr1(PB1) (the fusionprotein
may al so be referredto as "AG Nbr1(PB1)"), respectively.

Further, in preparing phmAGl-PKCiota(PBl1) and
phAG- PKCi ot a( PB1), first, a DNA encodi ng a PB1 domai n of
PKCi ota (regi on having the 16th to 99t h am no aci ds of the
PKCi ota protein, the region had the am no acid sequence
of SEQIDNO: 10, alsoreferredto as "PKCiota(PB1)") (the
DNA had the base sequence of SEQ ID NO. 9) was anplified
fromthe cDNA |ibrary of HeLaS3 cells by PCR using the
followi ng primer set:

PKCi ot a( PB1) f orward primer;
5' - AAGAATTCGCAGGTCCGGGTGAAAGCCTACTACCGCG- 3" (SEQ I D NO:
75), and

PKCi ot a( PB1) reverse pri mer 18;
5' - TTCTCGAGTTAACAAGGGAACACATGAATCAAGAGTTCAG- 3" (SEQ I D
NO: 76).

Then, the anmplification product thus obtained was
cleaved with EcoRl and Xhol, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedw th
the same restriction enzymes; thus, phmAGl- PKCi ot a( PB1)
and phAG- PKCi ot a( PB1) wer e prepared, respectively. Note
that these plasm d DNAs encode a fusion protein conposed

of a MAGL protein and PKCi ot a( PB1) (the fusi on protein my
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al so bereferred to as "mAGL- PKCi ot a(PB1) "), and a fusion
protein conposed of an AG protein and PKCi ota(PB1) (the
fusion protein may al so be referred to as
"AG- PKCi ota(PBl1)"), respectively.

Mor eover, in preparing phmAGl- TFG( PB1) and
phAG TFG(PB1), first, a DNA encodi ng a PB1 domai n of TFG
(regionhavingthel0thto91lst am noaci dsof the TFGpr ot ei n,
the regi on had the am no acid sequence of SEQID NO: 12,
also referred to as "TFG(PB1)") (the DNA had the base
sequence of SEQI DNO: 11) wasanplifiedfromthecDNAIli brary
of HeLaS3 cells by PCR using the followi ng primer set:

TFG( PB1) forward primer 1;
5' - AACTGCAGCAAAGCTAATCATCAAAGCTCAACTTGGGGA-3'  (SEQ ID
NO. 77), and

TFG( PB1) reverse pri mer 1;
5' - TTAAGCTTTTAATTAACAAATAATGTCAGTTTCAGTAT- 3" ( SEQI DNC:
78) .

Then, the anmplification product thus obtained was
cleaved with Pstl and Hindlll, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedw th
the same restriction enzynes; thus, phmAGl- TFG( PB1) and
phAG TFG( PB1) were prepared, respectively. Not e t hat
t hese plasm d DNAs encode a fusi on protein conmposed of a
mAGL protein and TFG( PB1) (the fusi on protein may al so be
referred to as "mMAGL- TFG(PB1)"), and a fusion protein

composed of an AGprotein and TFG(PB1) (the fusion protein
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may al so be referred to as "AG TFG(PB1) "), respectively.

Furt her, in preparing phmAGl- TEL( SAM) and
phAG TEL(SAM, first, a DNA encodi ng a SAMdomai n of TEL
(region having the 38th to 124th am no aci ds of the TFG
protein, the region had the am no aci d sequence of SEQID
NO. 14, also referred to as "TEL(SAM ") (the DNA had t he
base sequence of SEQIDNO: 13) was anplifiedfromthe cDNA
l'i brary of HeLaS3 cells by PCR using the foll owi ng primer
set:

TEL( SAM) forward primer;
5' - AAAAGGATCCGCCACCATGCCTCGAGCGCTCAGGATGGAGGAA- 3 ( SEQ
ID NO. 79), and

TEL( SAM) reverse primer;
5' - AAAAAAGCTTTTACCTCTGCTTCAGAATATGCTGAAGGAGTT- 3! ( SEQ
| D NO: 80).

Then, the anmplification product thus obtained was
cleaved with BamH and Hindlll, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedw th
the same restriction enzynes; thus, phmAGl- TEL( SAM) and
phAG TEL( SAM) were prepared, respectively. Not e t hat
t hese plasm d DNAs encode a fusi on protein conmposed of a
mAGl protein and TEL(SAM (the fusion protein may al so be
referred to as "mMAGL- TEL(SAM) "), and a fusion protein
composed of an AGprotein and TEL(SAM) (the fusion protein
may al so be referred to as "AG TEL(SAM "), respectively.

Additionally, in preparing phmAGl- EphB2( SAM) and
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phAG EphB2( SAM), first, aDNAencodi nga SAMdonai n of EphB2
(region having the 905th to 981st am no aci ds of the EphB2
protein, the region had the am no aci d sequence of SEQID
NO. 16, alsoreferredto as "EphB2(SAM ") (the DNA had t he
base sequence of SEQIDNO: 15) was anplifiedfromthe cDNA
l'i brary of HeLaS3 cells by PCRusing the foll owi ng pri mer
set:

EphB2( SAM) forward pri mer;
5' - AAAAGGATCCGCCACCATGCTGGACCGCACGATCCCCGA-3' (SEQ ID
NO. 81), and

EphB2( SAM) reverse pri mer;
5' - AAAAAAGCTTTTAAATCTGGTTCATCTGCGCCCG- 3' ( SEQI DNO: 82) .

Then, the anplification product thus obtained was
cleaved with BamHl and Hindlll, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedwi th
the sanerestrictionenzynmes; thus, phmAGl- EphB2( SAM and
phAG EphB2( SAM) wer e prepared, respectively. Note that
these pl asm d DNAs encode a fusion protein conmposed of a
mAGl protein and EphB2(SAM (the fusion protein may al so
bereferredtoas "mAGL- EphB2(SAM "), and a fusi on protein
composed of an AGpr ot ei nand EphB2( SAM (thefusionprotein
may al sobereferredtoas"AG EphB2(SAM "), respectively.

Furt hernmore, in preparing phmAGl- DGK del t a( SAM) and
phAG DGK delta(SAM), first, a DNA encodi ng a SAM domai n
of DGKdelta (regionhavingthe1097thto 1164t h am no aci ds

of the DGK delta protein, the region had the am no acid
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sequence of SEQ ID NO 18, also referred to as "DGK
delta(SAM ") (the DNA had t he base sequence of SEQ | D NGO
17) was anplified fromthe cDNA |ibrary of HeLaS3 cells
by PCR using the follow ng primer set:

DGK del t a( SAM f orward pri mer;
5' - AAAAGGTACCGCCACCATGCCGGTTCACCTCTGGGGGACA- 3" (SEQ I D
NO: 83), and

DGK del t a( SAM reverse primer;
5' - AAAAAAGCTTTTAGCTGCGGCTCAGCTCCTTGAT- 3" ( SEQI DNG: 84) .

Then, the anmplification product thus obtained was
cleaved with Kpnl and Hindlll, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedw th
the sanme restrictionenzynes; thus, phmAGl- DGK del t a( SAM
and phAG- DGKdel t a( SAM) wer e prepared, respectively. Note
t hat these plasm d DNAs encode a fusion protein conposed
of a mMAGL protein and DGK delta(SAM) (the fusion protein
may al so be referred to as "mAGl- DGK delta(SAM "), and a
fusi on proteinconmposed of an AGprotei nand DGK del t a( SAM)
(the fusion protein may also be referred to as "AG DGK
delta(SAM "), respectively.

I naddition, in preparing phmAGL- Tankyr ase( SAM and
phAG Tankyrase(SAM), first, a DNA encodi ng a SAM domai n
of Tankyrase (regi on havingthe 952ndto 1078t h am no aci ds
of the Tankyrase protein, the region had the am no acid
sequence of SEQ ID NO 20, also referred to as

"Tankyrase(SAM ") (the DNA had the base sequence of SEQ
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I D NO: 19) was anmplified fromthe cDNA |ibrary of HelLaS3
cells by PCR using the follow ng primer set:

Tankyr ase( SAM forward pri mer;
5' - AAAAGGATCCGCCACCATGCTGATAGATGCCATGCCCCCAGA- 3" ( SEQ
I D NO: 85), and

Tankyr ase( SAM) reverse primer;
5' - AAAAAAGCTTTTAAATTCGAATGACATTGTATCTGTTGAAGA- 3! ( SEQ
I D NO: 86).

Then, the anplification product thus obtained was
cleaved with BamHl and Hindlll, and inserted into
phmAGl- MCLi nker and phAG- MCLi nker havi ngbeentreatedwi th
thesamerestrictionenzynes; thus, phmAGl- Tankyr ase( SAM
and phAG Tankyrase(SAM) were prepared, respectively.
Note that these plasm d DNAs encode a fusion protein
composed of a MAGL protein and Tankyrase(SAM (the fusion
proteinmay al sobereferredtoas "mAGl- Tankyrase( SAM ")
and a fusion protein conmposed of an AG protein and
Tankyrase(SAM) (the fusion protein may also be referred
to as "AG Tankyrase(SAM "), respectively.

(Transfectioninto Cultured Cells, and Observation
of Transfected Cells)

Each of the plasm d DNAs was i ntroduced i nto HeLaS3
cells by the same met hod as t hat descri bed i n Exanpl e 1.
Mor eover, the transfected cells were observed al so by t he
same nmet hod as that described in Exanple 1.

As apparent fromthe results shown in Figs. 13, 14,
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and 15, PKCi ot a( PB1), TFG(PB1), TEL(SAM) , DGK delta(SAM) ,
and Tankyrase( SAM were di spersed when fused t o mAGl, and
formed fluorescent foci (assenblies) when fused to AG.
Note that the cells expressi ng AG PKCi ot a(PB1) i ncluded
bot hof cell sform ngfluorescent foci andcell snot form ng
fluorescent foci. Incontrast, inall thecell sexpressing
the other fusion proteins conprising the AG protein,
fluorescent foci were detected.

On t he ot her hand, as apparent fromthe results shown
in Figs. 12 and 15, when MEK5(PB1), Nbrl1(PBl1l), and
EphB2( SAM) were fused to mMAGL or when fused to AG, no
fluorescent focus formati on was observed.

Thus, it was reveal ed that TFG(PBl1), TEL(SAM , DGK
delta(SAM, and Tankyrase(SAM were wusable as the
associ ation-inducing protein according to the present
I nvention.

(Exampl e 5)

<Detection 3 of Protein-Protein Interaction>

In order to verify that the association-inducing
proteins selectedinExanple 4 were suitably usableinthe
met hod for detecting a protein-proteininteraction of the
present invention, a test described bel ow was conduct ed
by the same net hod as that described in Exanple 2. Fig.
16 shows the obtained result.

(Preparation of Plasm d DNAs)

| npreparing pFKBP12- TFG(PB1), first, aTFG( PB1) gene
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was anplifiedfromphAG TFG(PBl1) by PCRusi ngthe foll ow ng
primer set:

TFG( PB1) f orwar d pri mer 2;
5' - AAACCGGTAAGCTAATCATCAAAGCTCAACTT-3"' (SEQ I D NO:. 87),
and

TFG( PB1) reverse primer 2;
5' - TTTCTAGATTAATTAACAAATAATGTCAGTTTCAGTAT- 3" ( SEQI DNO:
88) .

Then, the anplification product thus obtained was
cleaved with Agel and Xbal, and inserted into
pFKBP12-p62(PBl) having been treated with the sanme
restrictionenzynmestocut out ap62(PB1l) regiontherefrom
Thus, pFKBP12-TFG(PBl1) was prepared. Note that the
pFKBP12- TFG( PB1) encodes a fusion protein conposed of a
FKBP12 protein and TFG(PB1) (the fusion protein may al so
be referred to as "FKBP12- TFG(PB1)").

Meanwhil e, in preparing pFKBP12- TEL(SAM, first, a
TEL( SAM) gene was anmpl i fiedfromphAG TEL( SAM by PCRusi ng
the followi ng prinmer set:

TEL( SAM) f orward pri mer 2;
5' - AAAAACCGGT CCTCGAGCGCT CAGGATGGAGGAA- 3" ( SEQI DNG: 89) ,
and

TEL( SAM) reverse pri mer 2;
5' - AAAATCTAGATTACCTCTGCTTCAGAATATGCTGAAGGAGTT- 3! ( SEQ
| D NO: 90).

Then, the anmplification product thus obtained was
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cleaved with Agel and Xbal, and inserted into
pFKBP12-p62(PBl1) having been treated with the sane
restrictionenzynestocut out ap62(PB1l) regiontherefrom
Thus, pFKBP12-TEL(SAM was prepared. Note that the
pFKBP12- TEL( SAM) encodes a fusion protein composed of a
FKBP12 protein and TEL(SAM) (the fusion protein may al so
be referred to as "FKBP12- TEL( SAM ").

Further, i nprepari ng pFKBP12- DGKdel ta( SAM, first,
a DGK delta(SAM gene was anplified from phAG DGK
delta(SAM by PCR using the followi ng primer set:

DGK del t a( SAM forward pri mer 2;
5' - AAAAACCGGT CCGGT TCACCTCTGGGGGACAGA- 3' (SEQI D NG: 91),
and

DGK del t a( SAM reverse primer 2;
5' - AAAATCTAGATTAGCTGCGGCTCAGCTCCTTGAT- 3" ( SEQI DNG: 92) .

Then, the anmplification product thus obtained was
cleaved with Agel and Xbal, and inserted into
pFKBP12- p62(PBl) having been treated with the sane
restrictionenzynestocut out ap62(PB1l) regiontherefrom
Thus, pFKBP12-DGK delt a( SAM) was prepared. Note that the
pFKBP12- DCK del t a( SAM encodes a fusion protein conposed
of a FKBP12 protein and DGK delta(SAM) (the fusion protein
may al so be referred to as "FKBP12- DGKd(PB1)").

Mor eover, in preparing pFKBP12-Tankyrase(SAM,
first, a Tankyrase(SAM) gene was anplified from

phAG Tankyrase( SAM by PCRusingthefoll ow ngprimer set:
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Tankyr ase( SAM f orward pri mer 2;
5' - AAAAACCGGT CTGATAGAT GCCATGCCCCCAGA- 3' (SEQI D NG: 93),
and

Tankyr ase( SAM reverse primer 2;
5' - AAAATCTAGATTAAATTCGAATGACATTGTATCTGTTGAAGA- 3! ( SEQ
| D NO: 94).

Then, the anplification product thus obtained was
cleaved with Agel and Xbal, and inserted into
pFKBP12-p62(PBl) having been treated with the sanme
restrictionenzynmestocut out ap62(PB1l) regiontherefrom
Thus, pFKBP12- Tankyrase(SAM was prepared. Not e t hat
pFKBP12- Tankyrase( SAM encodes a fusi on protein conposed
of a FKBP12 protein and Tankyrase(SAM (the fusion protein
may al so be referred to as "FKBP12- Tankyrase(SAM ").

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the followi ng combinations of the plasmd
DNAs was m xed i n equal anmounts and i ntroduced i nt o HeLaS3
cells by the same met hod as t hat descri bed i n Exanpl e 1:

a conbination of pmlfOR(FRB domain)-hAG wth
PFKBP12- TFG( PB1) ;

a conmbination of pmlfOR(FRB domain)-hAG wth
pFKBP12- TEL( SAM) ;

a conbination of pmlfOR(FRB domain)-hAG wth
pFKBP12- DGK del t a( SAM) ; and

a conbination of pmlfOR(FRB domain)-hAG wth
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pFKBP12- Tankyr ase( SAM .

Mor eover, the transfected cells were observed al so
by t he same met hod as that described in Exanple 1. Then,
it was confirmed that no fluorescent focus was detected
in each of the cultured cells before 100 nM rapanycin
(manuf actured by Merck KGaA) was added, and fl uorescence
i mmges were captured 300 seconds after the addition.

As apparent fromthe result shown in Fig. 16, even
when any of the fusion proteins were expressed, mIOR(FRB
domai n) - AG was present in a dispersed manner before
rapamycin was added (unillustrated); meanwhi | e,
fluorescent foci were detectedinall the cells after the
addition. In other words, it was reveal ed that by the
rapamyci n-dependent interaction between mlfOR( FRB domai n)
and the FKBP12 protein, MITOR( FRB donai n) - AG was
aut onompusl y associ atedw t h FKBP12- TEL( SAM) and sofort h,
t hereby form ng fluorescent foci.

Thus, it wasreveal edthat theuse of not only p62( PB1)
but al so the other types of domai ns derived fromthe ot her
proteins, such as TEL(SAM, as the association-inducing
protei nenabl ed detecti onof aprotein-proteininteraction.
Mor eover, thisresult verifiedthat the nodel illustrated
in Figs. 3 and 4 was practicable as the screeni ng met hod
for an association-inducing protein according to the
present invention.

(Exampl e 6)
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<Detection 3 of Protein-Protein Interaction>

Whet her or not fluorescent proteins other than the
AG protein were applicable as the fluorescent protein
having a multimerization ability in the method for
detecting a protein interaction of the present invention
was exam ned by a met hod descri bed below. Fig. 17 shows
the obtained result.

Not et hat thefl uorescent proteinsthus exam ned were
Kusabi ra- Orange 1 (KOl), dineric Kei ma- Red (dKei ma), and
Ki kume Green-Red (Ki kGR), which have been known to form
a honodi mer, ahonmodi mer, and ahonot etraner, respectively.

(Preparation of Plasm d DNAs)

I n preparing pmlfOR(FRB donmai n) - hKO1, first, a hKOl
gene was anplifiedfromphKOl- MN1 (manufacturedbylimted
company Amal gaam Co., Ltd.) by PCR using the follow ng
primer set:

hKO1 forward pri mer;
5' - AAAAACCGGT AT GGT GAGCGT GATCAAGCCCGAG- 3' ( SEQI DNO: 95),
and

hKO1 reverse primer;
5' - AAAATCTAGATTAGCAGTGGGCCACGGCGTCCTCC- 3" (SEQ 1D NO:
96) .

Then, the anplification product thus obtained was
cl eaved with Agel and Xbal, and inserted i nto pmlrOR( FRB
domai n) - hAG havi ng been treated with the same restriction

enzymes to cut out a hAGregi ontherefrom Thus, pmlrOR( FRB
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domai n) - hKO1 was prepar ed.

Meanwhi | e, in preparing pmMTOR( FRB
domai n) - hdKei ma- Red, first, a hdKei ma gene was prepared
by cleaving phdKei ma-Red- MNLi nker (manufactured by
l'imted company Amal gaam Co., Ltd.) with Agel and Xbal.
Then, t he obt ai ned hdKei ma gene was i nsertedi nt o pmlOR( FRB
domai n) - hAG havi ng been treated with the sanme restriction
enzymes to cut out a hAGregi ontherefrom Thus, pmlrOR( FRB
domai n) - hdKei ma- Red was prepar ed.

Further, in preparing pmlfOR(FRB domai n) - hKi kGR1,
first, a hKikGR1 gene was prepared by cleaving
phKi kGR1- MNLi nker (manufactured by I|imted conpany
Amal gaamCo., Ltd.) with Agel and Xbal. Then, the obtai ned
hKi kGR1 genewas i nsertedi ntopmlrOR(FRBdomai n) - hAGhavi ng
been treated with the same restriction enzymes to cut out
a hAGregiontherefrom Thus, pmlTOR( FRB domai n) - phKi kGR1
was prepared.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng conmbinations of the plasmd
DNAs was m xed i n equal anounts and i ntroduced i nt o HeLaS3
cells by the same met hod as that described i n Exanpl e 1:

a combination of pmMIOR(FRB domain)-hKOlL with
pp62( PB1) - FKBP12;

a combi nati on of pmlOR( FRB domai n) - hdKei ma- Red wi t h

pp62( PB1) - FKBP12;
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a conmbination of pmMIOR(FRB domain)-hKi kGRL with
pp62( PBl) - FKBP12; and

a conbination of pmlfOR(FRB domain)-hAG with
pp62( PB1) - FKBP12.

Mor eover, the transfected cells were observed al so
by the same net hod as that described in Exanple 1. Note
that the KOl was observed using an excitation filter
(BP520- 540HQ, O ympus Corporation), a dichroic mrror
(DMb45HQ, manufactured by O ympus Corporation), and an
absorption filter (BA555-600HQ, manufactured by O ynpus
Cor poration). The dKei ma was observed usi ng anexcitation
filter (440AF21, manufactured by OMEGA OPTI CAL, INC.), a
di chroic mrror (455DRLP, manufactured by OMEGA OPTI CAL,
I NC.), and an absorption filter (610ALP, manufactured by
OMEGA OPTICAL, INC.). Then, fluorescence inages were
captured before 100 nMrapanycin (manufactured by Merck
KGaA) was added and 300 seconds after the addition.

As apparent fromthe result shown in Fig. 17, as in
the case of using the AG protein, all of the exam ned
fluorescent proteins denonstratedthat mTOR(FRB) fusedto
the fl uorescent proteins was present i nadispersed manner
bef ore rapanyci n was added; meanwhil e, fluorescent foci
(assemblies) were formed after the addition. Thus, it was
verified that, in the present invention, the use of not
only the AGproteinbut al sothe other fl uorescent proteins

having amul timerizationability, such as the KO1 protein,
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enabl ed detection of a protein-protein interaction.
(Exampl e 7)

<Screening 1 of Fl uor escent Protein Having
Mul ti merization Ability>

Whet her or not a fluorescent protein other than AG,
KOl, dKei ma, and Ki kKGR was applicable as the fluorescent
proteinhavinganultimerizationabilityinthe method for
detecting a protein interaction of the present invention
was exam ned by a met hod descri bed bel ow. Specifically,
exam ned was whet her or not anassenbly (fl uorescent focus)
as showninFig. 3wasfornmedwhennonomeri c Kusabi ra- Orange
2 (mKO2) was fused with p62(PBl) serving as the
associ ation-induci ngprotei nandexpressedincells. Fig.
18 shows the obtained result.

First, as in the case of "phmAGl-p62(PB1) and
PhAG p62(PBl)" described in Exanple 1, the DNA encodi ng
p62( PB1) was anplified by PCR. The amplification product
t hus obt ai ned was cl eaved wi t h EcCoRI and Not |, andinserted
into phmKO2- MCLi nker (manufactured by |limted conpany
Amal gaam Co., Ltd.) having been treated with the sane
restrictionenzymes. Thus, phnKO2- p62( PB1) was pr epar ed
Then, t he phnKO2- p62( PB1) was i ntroduced i nto HeLaS3 cel | s
by t he same met hod as t hat descri bedi n Exanmplel. Moreover,
thetransfectedcell s were observed al so by the sane net hod
as t hat descri bedinExanple 6. Fig. 18 shows the obtai ned

result.
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As apparent from the result shown in Fig. 18,
nKO2- p62( PB1) proteins encoded by phnKO2-p62(PB1) were
associ ated with each other, thereby form ng fl uorescent
foci. Thus, it was revealed that not only the
above-descri bed fluorescent proteins capable of form ng
ahomomul timer incells, suchas AG, KO1, dKei ma, and Ki kKGR,
but also mKO2 generally believed to be a mononeric
fluorescent proteinwereusableasthefluorescent protein
having a multimerization ability in the method of the
present invention.

(Exampl e 8)

<Screening 2 of Fl uor escent Proteins Having
Mul ti merization Ability>

It was confirmed by the foll owi ng met hod t hat ot her
t han AG, KO1, dKei ma, and Ki kGR descri bed above, M Cyl,
KCy1, dAG (AB), and dAG (AC) (fluorescent protein capable
of homodi meri zation) aswel |l as TGuv, Mom ji, COR3. 01, COR5,
and DsRed?2 (fluorescent protein capabl e of
honmot et rameri zati on), whi ch had been known as fl uorescent
proteins capabl e of form ng a hononultimer incells, were
also usable in the method for detecting a protein
I nteraction of the present invention.

Mor eover, in order to find out fluorescent proteins
generally believed to be nononeric fluorescent proteins
suchas mKO2 but usabl ei nthenet hodof thepresent i nventi on,

screening was carried out by the foll ow ng method.
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(Met hod for Detecting Protein-Protein Interaction)

By the same met hod as that described in Exanples 5
and 6, p62( PB1) - FKBP12, FKBP12- DGKd( SAM) , FKBP12- TEL( SAM) ,
or FKBP12- Tankyr ase( SAM) , and mIOR( FRB) fused to
correspondi ng one of fluorescent proteins shown in Table
1 were expressed in HeLaS3 cells to evaluate a degree of
fluorescent focus (assembly) formati onafter rapamyci nwas
added. Note that plasm d DNAs encodi ng fusi on proteins
composed of MIOR(FRB) and the correspondi ng fl uorescent
proteins were prepared as appropriate by the same met hod
as that descri bed in Exanple 2. Moreover, regarding the
combi nati ons of FKBP12- Tankyrase(SAM wi th mKO2, nKei ma,
mvi Cyl, mKOl, M Cyl, and TGuv, the test was conducted by
I ntroducing the genes into 293T cells. Specifically, the
293Tcel |l swerecul turedinDMEMHI gh gl ucose (manuf act ur ed
by SI GMA ALDRI CH CO. ) contai ni ng 10%FBS (manuf actured by
Equitech-Biolnc.). Moreover, the 293T cell s were seeded
onto an 8-wel |l chamber (manufactured by Nunc A/S) 6 hours
before the plasm d DNAs were i ntroduced. Further, at the
timeof thetransfection, 200 ng of the pl asm d DNAencodi ng
FKBP12- Tankyrase( SAM and 200 ng of one of t he pl asm d DNAs
encodi ng fusion proteins conposed of the fluorescent
proteins and mTOR( FRB) were diluted with 30 pul of Opti MEM
(manufactured by Life Technol ogi es Corporation), and 1.2
pul - of TurboFect Transfection Reagent (manufactured by

Thermo Fisher Scientific Inc.) was added thereto and
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stirred. Then, the resultant was further m xed with 300
ul of the culture solution, subsequently added to the 293T
cells, and observed 48 hours later. Table 1 shows the
obtainedresult. |InTablel, "+++" i ndi cates acombi nati on
fromwhich fluorescent foci were observed in 50%o0r nore
of theHeLaS3 cells; "++" i ndi cates acombi nati onfromwhi ch
fluorescent foci were observedin50%or | ess of t he HeLaS3
cells; and "+" indicates a conmbination from which
fluorescent foci were observed in 293T cells expressing

a |l arger amount of proteins thanthat in the HeLaS3 cell s.
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[ Tabl e 1]
PAZ (PBLl) |DGEd (5AM) | TEL(SAM) | Tankyrase (5AM)
i (S monomer +++ +++ ++ +
mEeima | monomer +++ +++ ++ +
mMicyl | monomer +++ +++ +++ +
mECL monomer +++ +++ +++ +
mKikGR1 | monomer +++ +++ +++ +++
Micyl dimer +++ +++ +++ +
KCvyl dimer +++ +++ +++ ++
Kol dimer +++ +++ +++ ++
dEeima dimer +++ +++ +++ ++
dAG (AB) dimer +++ +++ +++ ++
dAG (AC) dimer +++ +++ +4++ 4+
TGEUV tetramer +++ +++ +++ +
Momiji |tetramer +++ +++ +++ +++
KikGR | tetramer +++ +++ +++ 4+
AG tetramer +++ +++ +++ +++
COR3.01 | tetramer +++ +++ +4++ +++
CORS tetramer +++ +++ +++ +++
DsRedZ | tetramer +++ +++ +4++ +++

As apparent fromthe result shownin Table 1, it was

confirmed that all of the fluorescent proteins capabl e of
formng a homonul timer incells were usable in the method
of the present invention. Moreover, the results of
TEL( SAM) and Tankyr ase( SAM seemt o suggest atendency t hat
the higher the nmultimerization ability of a fluorescent

protein, thenorelikelythat fluorescent foci (assenblies)
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are formed by the protein-proteininteraction. Further,
as shown in Table 1, it was reveal ed that nmKei ma, mvi Cy1,
nmKO1, and nKi kGR1 generally believed to be mononeric
fluorescent proteins, other than nKO2, were al so usable
in the nmethod of the present invention
(Exampl e 9)

<Detection 5 of Protein-Protein Interaction>

It was confirmed by a method descri bed bel ow t hat,
even in conmbination with TFG PBl) serving as the
associ ati on-i nduci ng protein, the use of the fl uorescent
proteins having a multimerization ability and confirnmed
i n Examples 6 to 8to be usableinthe method of the present
i nvention enabled detection of a protein-protein
I nteraction. Table 2 shows the obtained result.

(Met hod for Detecting Protein-Protein Interaction)

By the same met hod as that described in Exanples 5
and 6, TFG(PB1) and mIOR(FRB) fused to nKi kGR1, dAG(AC),
Mom ji, Ki kGR, AG COR3. 01, COR5, or DsRed2 wer e expressed
in HeLaS3 cell s to eval uate a degree of fluorescent focus
(assenbly) formati onafter rapanyci nwas added. Moreover
by t he same met hod as t hat descri bed i n Exanpl e 8, TFG( PB1)
and mMTOR(FRB) fused to KO1 or dAG (AB) were expressed in
293T cells to evaluate a degree of fluorescent focus
(assenbly) formati on after rapanyci n was added. Table 2
shows the obtained result. |In Table 2, "++" indicates a

combi nation fromwhich fluorescent foci were observed in
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50% or |less of the HeLaS3 cells, and "+" indicates a
conbi nation fromwhich fluorescent foci were observed i n
the 293T cel | s expressing al arger amount of proteins than

that in the HeLaS3 cells.
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[ Tabl e 2]

TFG( PB1)

mKi k GR1 nmonomer ++
KO1 di mer +
dAG( AB) di mer +
dAG( AC) di mer ++
Mom j i tetramer ++
Ki kGR tetramer ++
AG tetramer ++
COR3. 01 tetramer ++
COR5 tetramer ++
DsRed?2 tetramer ++

As apparent fromthe result shownin Table 2, it was
confirmed t hat t he use of the fluorescent proteins having
a multimerization ability in conmbination with the other
associ ati on-induci ng protein than the proteins described
i n Exanpl e 8 al so enabl ed detection of a protein-protein
i nteraction.

(Exampl e 10)

<Detection 6 of Protein-Protein Interaction>

The fluorescent focus (assenbly) according to the
present inventionis, as descri bed above, attri butableto
a protein-protein interaction. Hence, a fluorescence
intensity of a fluorescent focus presumably reflects a
strength of the protein-protein interaction. Moreover,
inthe method for detectingaprotein-proteininteraction,
guantificationandconparison, i f possi bl e, of thestrength
of the interaction are useful in evaluating a substance

(inhibitor) suppressing a protein-protein interaction,
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and evaluating a factor nodulating a protein-protein
I nteraction.

For this reason, the concentration of a compound
I nduci ngaprotein-proteininteractionwas changedtotest
whet her or not the fluorescence intensity of fluorescent
foci (assenblies) was changed i n a manner dependent ont he
concentrati on of the conpound by a met hod descri bed bel ow.

(Transfection into Cells, and Observation and
Anal ysis of Transfected Cells)

pmMITOR(FRB domai n) - hAG and pFKBP12-p62(PBl) were
m xed i n equal anounts and introduced i nto HeLaS3 cells
by the same method as that descri bed in Exanmple 1. The
cells were col |l ected 24 hours after the introduction, and
seededonto96 M croWel | Opti cal Bott omPl at e (manuf act ured
by Nunc A/S) at 20000 cells/well. Then, 24 hours after
t he seedi ng, a sol uti on of Hoechst 33342 ( manuf actured by
Doj i ndo Laboratories) diluted with an observati on buffer
to5.6 ug/ mM was addedto the pl ate, and al |l owed for further
culturingfor 30 m nutes. Thereafter, thepl ate was washed
twice with D-PBS(-) (manufactured by Wako Pure Chem cal
| ndustries, Ltd.). Then, the nmedium was replaced with
rapanmyci n having been diluted with an observati on buffer
to predeterm ned concentrations, and 15 m nutes | ater the
resultant was fixed with 4% Par af ormal dehyde Phosphate
Buf fer Solution (manufactured by Wako Pure Chem cal

I ndustries, Ltd.). Note that the concentrations of
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rapamycin used were 0.1 nM 0.2 nM 0.5 nM 1.4 nM 4.1
nM 12.3nM 37.0nM 111.1nM 333.3nM and 1000 nM  Then,
t he prepared sanmpl es were observed using INCell Analyzer
1000 (manuf actured by GE Heal t hcare). Fig. 19 shows part
of the obtained result.

Further, fluorescence i1imges were analyzed in
multiple fields of view A total |um nance (total
fluorescence intensity) of fluorescent foci (assenblies)
per cell in an i mge of wells to which rapamyci n was added
at predeterm ned concentrations was cal cul ated to anal yze
a correlation with the rapamycin concentration. Fig. 20
shows part of the obtainedresult. Notethat, inFig. 20,
the Xaxisrepresents the concentration of rapanmyci n added
to each well; the Y axis represents the total |um nance
(total fluorescence intensity) of fluorescent foci
(assenblies) per cell; and dots represent the measur ement
val ues. Mor eover, using lgor(R) (manufactured by
WaveMetrics, Inc.), afitting curve was drawn t hrough t he
dots, which represents a function fitted to an equati on:
y=base+( max- base)/[ 1+(xhal f/ x) " rate], wher e [ Dot
Intensity/Cells]=y, and[ Canc. (nM]=x. (base=0.0028731,
max=0. 1823, rate=1.4516, xhal f=46.99).

As apparent fromthe results shown in Figs. 19 and
20, it was revealed that when the conmpound rapanycin
i nducing an interaction between mIOR(FRB domai n) and a

FKBP12 protein was added to the cell s expressi ng mrOR( FRB
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domai n) - AG and FKBP12- p62( PB1), the fluorescence
intensity of fluorescent foci was increased in a manner
dependent onthe concentration of rapamyci n added. |t was
al so denmonstrated that the assenblies between mIOR( FRB
domai n) - AG and FKBP12-p62(PB1l) were formed in a manner
dependent on the concentration.

(Exampl e 11)

<Detection 7 of Protein-Protein Interaction>

Whet her or not the nmethod of the present invention
was utilizable in determning the 50% effective
concentrati on (EC50) and t he 50%i nhi bitory concentration
(1C50) of adrug agai nst aprotein-proteininteractionwas
eval uated by a method descri bed bel ow.

(Preparation of Plasm d DNA)

Usi ng pmlfOR( FRB domai n) - hAG descri bed i n Exanple 2
and pFucci-S/ G2/ M Green-Hyg (manufactured by limted
company Amal gaamCo., Ltd.), pmlTOR( FRBdonai n) - hAG_Hyg was
prepared according to a conventi onal nmethod, so that the
drug resistance gene was converted to a hygronycin B
resi stance gene.

(Preparation of Stably-Expressing Cell Line)

By the same met hod as that described in Exanple 1,
the pmlfOR(FRB domain)-hAG Hyg and pp62(PBl)-FKBP12
described in Exanple 2 were introduced in a HeLaS3 cell
l'ine, and cul tured.

Mor eover, 24 hours after the plasm d DNAs were
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introducedinthe HeLaS3 cell |ine, the medi umwas repl aced
with a medi umcontai ning 600 pg/ nL of &418 (manufactured
by Wako Pure Chem cal Industries, Ltd.) and 150 pg/ m_L of
hygromyci n (manuf actured by Nacal ai Tesque, Inc.). Then,
cellssurvivedafter culturingfor oneweekw ththisnmedi um
were cloned by a colony pick-up method.

(Observation and Analysis of Transfected Cells)

Theclonedcell Ii neswereseededonto96-well pl ates.
Then, after washing twice with PBS on the next day, an
observati on buf fer containi ng Hoechst 33342 ( manuf act ur ed
by Doji ndo Laboratories) was added to the cell |ine seeded
ontoeachwel |, foll owedbyincubationat 37°Cfor 15m nut es
for nucl ear staining.

Further, these cell lines were washed twi ce with an
observation buffer. Then, an observation Dbuffer
cont ai ni ng rapamnmycin, or rapamycin and FK506 at certain
concentrations was added to each well, and i ncubated for
20 m nutes.

Not e t hat the concentrati on of rapamycin added was
0.39nM 0.78 nM 1.56nM 3.13 nM 6.25nM 12. 50 nM 25. 00
nM 50.00 nM 100.00 nM 200.00 nM 400.00 nM or 800.00
nM  Moreover, FK506 i s known as a substance conpetitively
inhibiting an interaction between FKBP12 and rapanycin.
I nthis Exanpl e, FK506 was added t o each wel | after dil uted
with a buffer containing 20 nMrapamycin in such a manner

t hat t he FK506 concentration was 0. 008 uM 0.016 puM 0. 031
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UM 0.063 puM, 0.125 pyM 0.250 pM 0.500 uM, 1.000 pM 2. 000
UM 4.000 pM 8.000 pM or 16.000 uM

After each drug was added and incubated, 4%
Par af or mal dehyde Phosphat e Buf fer Sol uti on (manuf act ured

by Wako Pure Chem cal I ndustries, Ltd.) was added to each

wel |, followed by incubation at roomtenperature for 15
m nutes. Thereby, these cell lines were fixed. Then,
thesecell | ineswerewashedthreeti nesw thanobservation

buffer. Subsequently, an image of three fields of view
was obt ai ned f or eachwel | usingafluorescencem croscope.
Thereafter, eachfl uorescence i mage was anal yzed usi ngi CY
(see de Chaumont F et al., Nature Methods, June 28, vol.
9, no. 7, pp. 690 to 696), and a total | um nance (total
fluorescence intensity) of fluorescent foci (assenblies)
per cell was cal cul ated to anal yze a correlation with the
concentrati onof thedrugs added. Fig. 21showstheresult
obt ai ned by addi ng only rapamycin, and Fig. 22 shows t he
result obtained by adding rapamycin and FK506.

Note that, in Figs. 21 and 22, the X axis represents
the concentrati on of the drug added to the cell line; the
Y axi s represents the total |um nance (total fl uorescence
intensity) of fluorescent foci (assenblies) per cell; and
dots represent nmeasurenment val ues. Moreover, a fitting
curvedrawnthroughthedotsshowstheanal ysisresult using
I gor(R) (manufactured by WaveMetrics, Inc.).

As apparent fromthe result shownin Fig. 21, it was
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reveal ed that when the conpound rapanmycin inducing an
I nteraction between mMfOR( FRB domai n) and a FKBP12 protein
was added to the cells stably expressing mIrOR(FRB
domai n) - AG and p62( PBl) - FKBP12, the fluorescence
intensity of fluorescent foci was increased in a manner
dependent onthe concentration of rapamyci n added. |t was
demonstrated t hat assenbli es bet ween mIrOR( FRB domai n) - AG
and p62( PBl) - FKBP12 were fornmed in a manner dependent on
t he concentration. Further, the EC50 of rapamycinfor the
protein-proteininteraction between mlfOR(FRB domai n) and
FKBP12 was 3.36 nM by the calculation according to
f(x)=max+(m n-max)/ (1+(x/EC50)"hill) basedonthefitting
curve shown in Fig. 21

On t he ot her hand, as apparent fromthe result shown
in Fig. 22, it was reveal ed that when FK506 was added in
t he presence of rapamycin, the fluorescence intensity of
fluorescent foci was decreased in a manner dependent on
theconcentrationof FK506 added. |t was denonstratedt hat
the assenbly formati on between mIrOR(FRB domai n) - AG and
p62( PBl) - FKBP12 was i nhi bited i na manner dependent onthe
concentration. Further, the 1C50 of FK506 for the
I nteraction between rapamycin and FKBP12 and eventual ly
for the protein-protein interaction between nmIOR(FRB
domai n) and FKBP12 was 0. 68 uMby t he cal cul ati on accor di ng
to f(x)=mn+(max-mn)/ (1+(x/1C50)7*hill) based on the

fitting curve shown in Fig. 22.
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(Exampl e 12)

<Detection 8 of Protein-Protein Interaction>

For the sanme purposes as those in Exanples 10 and
11, whet her or not fusionproteinsconstitutingassenblies
(fluorescent foci) were di spersed by aninhibitor specific
to a protein-protein interaction in the method of the
present invention, and whether or not the fluorescence
intensity of fluorescent foci was changed in a manner
dependent on the i nhibitor concentrati on by changi ng t he
i nhi bitor concentrati on were tested by a met hod descri bed
bel ow.

Note that the detection target in this test was an
interaction between a p53 protein and an MDM2 protei n, and
t hat Nutlin-3 known as ani nhi bitor agai nst theinteraction
was used in Exanple 12 (see Vassilev LT et al., Science,
February 6, 2004, vol. 303, no. 5659, pp. 844 to 848).

(Preparation of Plasm d DNAs)

In preparing pp62(PB1)-p53, first, a DNA encodi ng
a portion of p53 (regi on havingthe 1st to 70t h am no aci ds
of the p53 protein, the region had the am no aci d sequence
of SEQ ID NO: 26) (the DNA had the base sequence of SEQ
| DNO: 25) was anplifiedfroma cDNAIli brary of U20S cel |l s
by PCR using the followi ng primer set:

p53 f orward primer;
5' - AAGGATCCATGGAGGAGCCGCAGTCAGATCCTAGCGTCG- 3" (SEQ ID

NO. 97), and
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p53 reverse pri mer48;
5' - TTGCGGCCGCTTAAGCAGCCTCTGGCATTCTGGGAGCTTCATC- 3" ( SEQ
| D NO:. 98)

Then, the anmplification product thus obtained was
cleaved with BamH and Notl, and inserted into
pp62( PB1) - MCLi nker having been treated with the same
restriction enzymes. Thus, pp62(PBl)-p53 was prepared.

Mor eover, in preparing phAG MDM2, first, a DNA
encodi ng a portion of MDM2 (regi on having the 7thto 125th
am no aci ds of the MDWM2 protein, the regi on had the am no
aci dsequence of SEQI DNO: 28) (t he DNAhadt he base sequence
of SEQID NO: 27) was anplified fromthe cDNA |i brary of
U20S cells by PCR using the follow ng primer set:

VDM2 f orward primer;
5' - AAGGATCCATGTGCAATACCAACATGTCTGTACCTACTGATGGTGC- 3!
(SEQ I D NGO 99), and

VDW2 reverse pri mer;
5' - TTCTCGAGTTAACCTGAGTCCGATGATTCCTGCTGATTG- 3" (SEQ I D
NO: 100).

Then, the anmplification product thus obtained was
cleaved with BamH  and Xhol, and inserted into
phAG MCLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, phAG MDM2 was prepared.

(Transfection into Cells, and Observation and
Anal ysis of Transfected Cells)

pp62( PBl) - p53 and phAG- MDM2 were m xed in equal
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amount s and i ntroducedinto HeLaS3 cell s by t he same net hod
as that described in Example 1. The culture sol ution was
di scarded 24 hours after the introduction, and 1.5 m of
an observati on buffer contai ning0.19 uMNutl i n-3 was added
to the resultant. Fluorescence i mages were captured 15
m nut esthereafter. Subsequently, theobservationbuffer
was discarded, and 1.5 m of an observation buffer
containing 0.77 pM Nutlin-3 was added to the resultant.
Fl uorescence imges were again captured 15 m nutes
thereafter. The sanme procedure was carried out using 4.8
puMand 12 pMNutlin-3, aswell. Fig. 23 shows t he obt ai ned
result. Moreover, atotal |um nance of fluorescent foci
(assemblies) in a fluorescence image of cells to which

Nutlin-3 was added at predeterm ned concentrations was

calculatedtocreateagraphforillustratingacorrelation
with the Nutlin-3 concentration. Fig. 24 shows the
obtai ned result. Note that, in Fig. 24, the X axis

representstheconcentrationof Nutlin-3addedtothecells,
and the Y axis represents the total |um nance (tota
fluorescence intensity) of fluorescent foci per
fluorescence i mage (one field of view).

As apparent fromthe result shown in Fig. 23, when
p62( PBl) - p53 and AG-MDM2 were expressed in the cells,
fluorescent foci were detected. Moreover, as aresult of
the stepwi seincreaseintheconcentrationof theinhibitor

(Nutlin-3) added agai nst the interacti on between p53 and

97



10

15

20

25

MDM2, fluorescent foci (assenblies) were observed to be
gradual Iy extinguished within the sane field of view,
confirmng that the fusion proteins constituting the
assenmblies were being dispersed. Further, as apparent
fromtheresult showninFig. 24, thefluorescencel um nance
of the fluorescent foci inthe field of viewwas decreased
in a manner dependent on the inhibitor concentration.
(Exampl e 13)

<Detection 9 of Protein-Protein Interaction>

As in Exanple 11, whether or not the nethod of the
present invention was utilizable in determ ning the I C50
of aninhibitor specifictoaprotein-proteininteraction
was eval uated by a method descri bed bel ow.

(Preparation of Plasm d DNA)

First, using phAG MDM2 descri bed i n Exanple 12 and
pFucci -S/ G2/ MGreen-Hyg (manufactured by Iimted conmpany
Amal gaamCo., Ltd.), phAG- MDM2_Hyg was pr epar ed accor di ng
toaconventional method, so that the drug resi stance gene
was converted froma G418 resi stance gene to a hygromycin
B resistance gene.

(Preparation of Stably-Expressing Cell Line)

Next, t he phAG- MDM2_Hyg and pp62( PB1) - p53 descri bed
i n Exampl e 12wereintroducedintoaCHO- Klcell line. Note
t hat CHO-K1 cells were cultured in NUTRI ENT M XTURE F- 12
HAM ( manuf act ur ed by SI GMA ALDRI CH CO. ) cont ai ni ng 10%FBS

(manuf actured by Equitech-Bio Inc.).
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Then, 24 hours after the pl asm d DNAs wer e i ntroduced
inthe CHO- K1l cell line, the mediumwas replaced with one
containing 100 pg/m of G418 (manufactured by Wako Pure
Chem cal Industries, Ltd.) and 200 pg/m of hygronycin
(manuf actured by Nacal ai Tesque, Inc.). Further, cells
survivedafter culturingfor oneweek withthis medi umwere
nmonocl oned by limting dilution

(Observation and Analysis of Transfected Cell s)

After the nuclear staining on the monocl oned cell
line by the same nmet hod as that described in Exanple 11,
an observati on buffer containing Nutlin-3 (manufactured
by CALBI OCHEM) at certai nconcentrati ons was added t o each
wel I, and i ncubated for 20 m nutes. Note that Nutlin-3
was prepared and added in such a manner that the final
concentration was 0.2 uM 0.3 pM 0.6 pM 0.9 uM 1.6 uM
2.6 yM 4.3 pM 7.2 pyM 12.0 pM or 20.0 pM

Subsequently, the cell line was fixed by the same
met hod as that descri bed in Exanple 11. An i mage of each
wel | was obtainedwithafluorescence m croscope, and each
fluorescence imge was analyzed using iCY. A total
| um nance of fluorescent foci per cell was calculated to
analyze a correlation with the concentration of Nutlin-3
added. Fig. 25 shows the obtained result. Note that, in
Fig. 25, the X axis represents the concentration of the
drug addedtothecell line; the Yaxisrepresentsthetotal

| um nance (total fluorescence intensity) of fluorescent

99



10

15

20

25

foci (assenblies) per cell; and dots represent measur ement
val ues. Moreover, afitting curve drawn t hrough the dots
shows the analysis result using Igor(R).

Al t hough unillustrated, in CHO-K1 cells al so stably
expressing p62(PBl)-p53 and AG MDM2, fluorescent foci
(assembl i es) attri butable to a protein-protein
i nteractionbetweenp53and MDM2 wer e observedasi n Exanpl e
12. Mor eover, as shown in Fig. 25, the fluorescence
| um nance of these assenblies was decreased in a manner
dependent on the concentration of the inhibitor Nutlin-3.
Further, the I1C50 of Nutlin-3 for the protein-protein
interaction between p53 and MDM2 was 8.9 uM by the
cal cul ati on accordi ng to
f(x)=m n+(max-mn)/ (1+(x/1C50)"hill) basedonthefitting
curve shown in Fig. 25.

The results described in Exanples 10 to 13 above
verifiedthat thefluorescencel um nanceof thefl uorescent
focus according to the present invention reflected the
strength of the protein-protein interaction, making
quantification of the protein-protein interaction
possi bl e. Furthernore, it was also revealed that the
assenmbly formation was reversible. It was denonstrated
that the quantification was practicable by using fixed
cells(seeFig. 20), andalsousingaliveinmgi ngtechnique
with living cells (see Fig. 24). 1In addition, it was

reveal ed as descri bedin Exanpl es 11 and 13t hat t he present
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i nventi on enabl ed detection of a promoting reaction and
aninhibitingreactionbothdependent onthe concentration
of a drug for a protein-protein interaction, and further
enabl ed cal cul ati ons of the EC50 and the | C50 of t he drug.
Thus, it was denonstrated that the nethod for detecting
aprotein-proteininteractionof the present i nventi on was
applicabl e to evaluation of and screeni ng for a substance
modul ating a protein-protein interaction.
(Exampl e 14)

<Detection 10 of Protein-Protein Interaction>

It has been known t hat p50 and p65 f or ma het er odi mer,
constituting NFxB. Further, NFxB functions in the nucleus
as a transcription factor playing a role in modul ati ng
i nfl ammat ory cytoki ne expressi on. However, it has been
known that the interaction with IkBa retains NFkB in the
cytoplasm suppressing the transcription function (see
Marc D. Jacobs et al., Cell, Decenmber 11, 1998, vol. 95,
pp. 749 to 758). Thus, an overexpression of p50 and p65
disturbs the stoichiometric balance with endogenous IkxBa,
sothat the heterodimer islocalizedminlyinthenucleus.
On the other hand, 1if IxBa 1is overexpressed, the
heterotrimer further including IxkBa is retained in the
cytopl asm

For this reason, inthis Exanpl e, whether or not the
met hod of the present invention enabled detection of a

change in intracellular |localization of a conplex
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cont ai ni ng p50 and p65 i n accordance with the presence or
absence of IkxBua was tested by a method described below.

First, each of pp62(PBl)-p50 and phAG p65 was
prepared by the same met hod as t hat described i n Exanmpl e
2. DNAs (SEQID NOs: 155 and 157, respectively) encodi ng
regi ons having the am no aci d sequences of SEQI D NOs: 156
and 158 had been inserted in the pp62(PB1)-p50 and the
phAG p65, respectively.

Meanwhile, pIkBa was prepared by the same method as
t hat descri bed i n Exanple 1 using a DNA sequence encodi ng
t he am no aci d sequence speci fied under Genbank ACCESSI ON
No: NP_065390. 1.

Then, HelLaS3 cells were seeded onto 4 wells in an
8-wel | chamber (manufactured by Nunc A/S). On the next
day, the plasm d DNAs were introduced into these cells.
In the transfection, 100 ng of each of pp62(PB1)-p50 and
phAG p65 was added to Opti MEM (manufactured by Life
Technologies Corporation), and pIxBa was further added
thereto in different anounts for the use. Note that the
amounts of the pIkBa added were 0 ng (not added) or 100
ng. Further, to make total anopunts of the plasm d DNAs
added all equal, 300 ng or O ng of pnmKei ma-Red-S1
(manuf actured by Ilimted conpany Amal gaam Co., Ltd.) was
added. Then, 1.5 ul of PolyFect(R) Transfection Reagent
was added t o each Opti MEMand stirred. Furthernmore, after

m xed with 200 pul of the culture solution, the resultant
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was addedtotheHeLaS3cells. Subsequently, 22 hours after
this transfection, the cells were fixed with 4%
Par af or mal dehyde Phosphat e Buf f er Sol uti on (manuf act ured
by Wako Pur e Chem cal I ndustries, Ltd.) at roomt enperature
for 15 m nutes. After the cell menbranes were sol ubilized
with 0.2% TritonX-100/PBS for 5 m nutes, immunostaining
was carried out using an anti-IxBua antibody (manufactured
by Cell Signaling Technology, Inc.). Furthernore, the
nucl ei were stained using Hoechst 33342. Then, the
I munost ai ned cells were observed by the same nmet hod as
t hat described in Example 1. Fig. 26 shows the obtained
result. Note that, in the figure, " merging " shows the
result of merging i mges of AG derived fluorescence (two
panel sontheleftinthefigure), i mges showi ngtheresult
of the immunostaining with the anti-IxBa antibody (two
panels in the m ddl es of the figure), and i mmges show ng
the result of the nuclear staining with Hoechst 33342.
As apparent fromthe result shownin Fig. 26, it was
confirmed that, in the cells into which IxBa was not
i ntroduced, heterodinmers formed from p50 and p65 were
formed in the nuclei. On the other hand, when IxBa was
introduced, IxBoa-derived signals were detected (see the
| ower panel i nthem ddl eof thefigure) at thesanel ocati ons
as the fluorescent foci detected in the imge of the
AG-derived fluorescence (see the | ower |eft panel in the

figure), confirmng that the conpl ex containing p50 and
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p65 included IxBa. Further, the method of the present
invention also confirmed that in the presence of IkBa, the
| ocalization of the conplex containing p50 and p65 was
changed fromthe i nsi de of the nuclei to the inside of the
cyt opl asns.

(Exampl e 15)

<Detection 11 of Protein-Protein Interaction>

In this Exanple, utilizing the conplex containing
p50 and p65 detected also in Exanple 14, whether or not
t he met hod of the present invention enabl ed quantitative
det ection of achangeinintracellular |ocalizationof the
compl ex i n accordance with the quantitative bal ance with
IXBa was tested by a method described below.

First, HeLaS3 cells were seeded onto 4 wells in an
8-wel | chanber (manufactured by Nunc A/S). Then, on the
next day, pp62 (PB1l)-p50, phAG-p65, and pIxkBa, which were
descri bed i n Exanmpl e 13, were i ntroducedintothese cells.
In the transfection, 100 ng of each of pp62(PB1)-p50 and
phAG p65 added to Opti MEM (manufactured by Life
Technologies Corporation), and the pIkxBa was further added
thereto in different amounts for the use. Note that the
amounts of the pIkBa added were (0) not added, (1) 33 ng,
(2) 100ng, and (3) 300 ng. Further, to make total anounts
of the plasmd DNAs added all equal, pnmKei ma-Red-S1
(manuf actured by Ilimted conpany Amal gaam Co., Ltd.) was

added in amounts of: 300 ng in the case of (0); 267 ng,
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(1); 200ng, (2); andOng, (3). Then, 1.5 ul of Pol yFect (R)
Transfecti on Reagent was addedt o each Opti MEMand stirred
Furt hernore, after m xedwi t h200 pl of theculturesolution,
t he resul tant was added to the HeLaS3 cells, and observed
22 hours thereafter by the sane net hod as that descri bed
I n Exanple 1.

After 150 or nore cells in which the plasm d DNAs
were introduced under the (0) to (3) conditions were
phot ogr aphed, the cells were classifiedintothree groups
(A) to(C) accordingtothefluorescent focus | ocalization
Specifically, cells are classified as (A) if fluorescent
foci were detectedonlyinthecytoplasns; (B), if detected
inthe cytoplasnms and t he nuclei; and (C), if detected only
in the nuclei. Then, a percentage of the cell count in
each group was cal cul at ed, and a graph was created. Fig.
27 shows the obtained result.

As apparent fromthe result shown in Fig. 27, the
percent age of fl uorescent foci detectedinthe cytopl asns
was increased in a manner dependent on the IkBa amount.
Thus, the present invention can provide a method for
groupingcellsaccordingtofluorescent focuslocalizati on,
and conpari ng t he number of cellsineach group. Further,
it was reveal ed as descri bed in Exanple 14 al so that by
utilizing localization of an interaction between direct
detection targets, a first protein and a second protein

(for exanple, p50 and p65), the nethod of the present
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i nventi onenabl edquantificationof aninfluenceof athird
protein (for example, IxkBa) on the interaction as well as
the amount of the third protein expressed.

(Exampl e 16)

<Detection 12 of Protein-Protein Interaction>

It has been known that, in the nucleus of a cell,
p21l recogni zes and interacts with a conplex conposed of
CDK4 and Cyclin D1l (see LaBaer J et al., Genes Dev., April
1, 1997, vol. 11, no. 7, pp. 847 to 862). Moreover, it
has al so been reveal ed that such heterotrimer formation
i nhibitscell-cycleprogression(transitionfromaGlphase
to an S phase) otherw se pronoted by a conpl ex conposed
of CDK4 and Cyclin D1.

For this reason, in this Exanmple, as in Exanmpl es 14
and 15, whether or not the present invention enabl ed
detecti on of formati on of a conpl ex conposed of t hreetypes
of different proteins was tested by a method described
bel ow.

(Preparation of Plasm d DNA)

pp62( PB1) - CDK4, phAG p21, and pCyclin Dl were
prepared by the same met hod as that described i n Exanpl e
1 on the basis of DNA sequences encoding the am no acid
sequences specified under Genbank ACCESSI ON Nos:
NP_000066. 1, NP_000380. 1, and NP_444284.1, respectively.

(Transfection into Cul tured Cells, Cel |

| mmunost ai ni ng, and Observation of Cells)
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HeLaS3 cells were used as cultured cells into which
the plasm d DNAs were introduced. Moreover, the HelLaS3
cells were cultured by the sane net hod as that descri bed
in Exanmple 1. Further, in the transfection, the HeLaS3
cells were seeded onto 2 wells of an 8-well chanmber
(manufactured by Nunc A/S). On the next day, by the sane
met hod as t hat descri bedi nExanplel, 130ngof eachplasm d
DNAinthe foll owi ng combi nati ons was i ntroduced i nto the
HeLaS3 cells using 1 ul of Transfecti on Reagent:

a combi nation of pp62(PBl)-CDK4 and phAG p21 with
pCyclin D1; and

a combi nation of pp62(PBl)-CDK4 and phAG p21 with
phmKGC- WN (manuf actured by i mted company Amal gaam Co. ,
Ltd.) (note that the phmKGC- VN was added to makes t ot al
amounts of the plasm ds all equal).

Then, 24 hours after thetransfection, thecells were
fixed with 4% Par af or mal dehyde Phosphat e Buffer Sol uti on
(manuf actured by Wako Pure Chem cal Industries, Ltd.) at
roomt emperature for 15 mnutes. After thecell membranes
wer e sol ubilizedwith 0.2%TritonX-100/PBS for 5 m nutes,
i mmunostaining was carried out wusing 4 pg/m of an
anti-Cyclin Dl antibody (manufactured by MEDI CAL &
Bl OLOGI CAL LABORATORIES CO., LTD.). The i mrunostai ned
cells were observed by the same net hod as that descri bed
in Exanple 1. Fig. 28 shows the obtained result.

As apparent fromtheresult showninFig. 28, nocl ear
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assembly (fluorescent focus) was observed in many cells
only by expressi ngp62(PB1) - CDK4 and AG- p21. Neverthel ess,
when Cyclin D1 was forcibly expressed together wth
p62( PB1) - CDK4 and AG p21, this made possi bl e
stoichiometrically uniform expression of the el ements
necessary for the heterotrinmer formation, and clear
fluorescent foci were observed in almst all the cells.
Further, the i munostai ni ng i mages of Cyclin D1 confirmed
that Cyclin D1 was | ocalized in the observed fl uorescent
foci.

Thus, simlarlytotheresults describedin Exanpl es
14 and 15, it was confirmed that the present invention
enabl ed detection of a protein-protein interaction in
formati on of a conplex of a trimer or a higher multimer.

Mor eover, suppose a case where two types of proteins
(p50 and p65 i n Exanpl es 14 and 15, CDK4 and p21 i n Exanpl e
16) are expected to forma conplex including a "certain
molecule" (IkBoa in Examples 14 and 15, Cyclin D1 in Example
16) as descri bed above. In this case, if the two types
of proteinsareexpressedincellsasa"first fusionprotein
compri sing an associ ati on-i nduci ng protein” and a"second
fusion protein conprising a fluorescent protein having a
mul timerization ability" respectively, and a protein
encoded by a cDNA expression library is further expressed
inthe cells, the present invention makes it possible to

search for the "certain nolecule" (constitutional factor
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of the conplex) on the basis of a fluorescent focus (for
exampl e, formation or extinction a fluorescent focus, a
change in fluorescent focus localization).

Further, asdescri bedinExanmples14to016, the present
i nvention makes it possi bl eto analyze an expressed anount
of a constitutional factor (IxkxBa in Examples 14 and 15,
Cyclin D1 in Exanple 16) of a conplex on the basis of a
fluorescent focus, and eventually, by wutilizing the
expressed anount, to analyze states of cells, such as a
cell cycle controlled by the compl ex and a stress to which
the conmplex is to respond.

(Exampl e 17)

<Detection 13 of Protein Interaction>

As described in Exanples 10 to 13, it was reveal ed
that the fluorescence intensity of the fluorescent focus
according to the present invention reflected a strength
of a protein-protein interaction. Thus, the method for
detecting a protein-protein interaction of the present
i nvention presumably is capable of identifying an am no
acid inmportant for the interaction on the basis of the
fluorescenceintensity of the fluorescent focus accordi ng
to the present invention. For this reason, a test was
conduct ed by a met hod descri bed bel ow, utilizing an am no
acid mutation known to be involved in reduction or
enhancement of a protein-protein interaction.

Note that the detection target in this test was an
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i nteraction between a Sec5 protein and a Ral B protein. A
Sec5 protein has been knowntointeract with a Ral Bprotein
ina GIP-activated form(see Moskal enko S et al., Nat Cell
Bi ol ., January 2002, vol. 4, no. 1, pp. 66 to 72). It has
been known t hat theinteractionisreducedw thaninactive
mut ant Ral B( S28N) of Ral B, but enhanced with an active
mut ant Ral B( Q72L) of Ral B (see Shipitsin Met al., Mol Cell
Biol., July 2004, vol. 24, iss. 13, pp. 5746 to 5756).
Further, a RalB protein, which is a nmenbrane-anchored
protein, has been revealed to be localized at the cel

menbr anes by palmtoylation of the C-term nus thereof.

(Preparation of Plasm d DNA)

I n preparing pp62(PB1)-Sech5, first, a DNA encodi ng
aportionof Sec5 (regionhavingthe 1st to 99th am no aci ds
of the Sec5 protein, theregionhadthe am no aci d sequence
of SEQ ID NO: 30) (the DNA had the base sequence of SEQ
I D NO: 29) was anplified fromthe cDNA |ibrary of HelLaS3
cells by PCR using the follow ng primer set:

Sec5 forward pri mer;
5' - CCCGGATCCATGTCTCGATCACGACAACCC- 3" (SEQ I D NG 101),
and

Sec5 reverse primer;
5' - GGGAAGCTTTTATTAGCCTATTTTCTCAGGTTTGAGTA- 3" ( SEQI D NO:
102).

Then, the anplification product thus obtained was

cleaved with BamHI and Hindlll, and inserted into
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pp62( PB1) - MCLi nker having been treated with the same
restrictionenzymes. Thus, pp62(PBl)-Sec5 was prepar ed.
Note that the pp62(PBl)-Sec5 encodes a fusion protein
conposed of p62(PB1) and a partial Sec5 protein (thefusion
protein may al so be referred to as "p62(PBl)-Sec5").

Meanwhil e, in preparing phAG Ral B(WI), first, a DNA
encodi ng Ral B (protein having the am no aci d sequence of
SEQ ID NO: 32) (the DNA had the base sequence of SEQ ID
NO: 31) was anplifiedfromthe cDNAIli brary of HeLaS3 cel |l s
by PCR using the follow ng primer set:

Ral B f orward pri mer;
5' - CCCGGATCCATGGCTGCCAACAAGAGTAAG- 3" (SEQ I D NO: 103),
and

Ral B reverse primer;
5' - GGGAAGCTTTTATCATAGTAAGCAACATCTTTC- 3' ( SEQI DNG: 104) .

Then, the anmplification product thus obtained was
cleaved with BamH and Hindlll, and inserted into
phAG MCLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, phAG Ral B(WI') was prepared. Notethatthe
phAG Ral B(WI') encodes a fusion protein conmposed of an AG
protein and a Ral B protein (the fusion protein may al so
be referred to as "AG Ral B(WI)").

Furt her, phAG Ral B( Q72L) was prepared using
phAG- Ral B( WI) as a tenplate, and AMAP(TM) Mul ti
Site-directed Mutagenesis Kit (manufactured by limted

conpany Amal gaamCo., Ltd.), and accordingtothe attached
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instruction, anmutati onwas introduced usingthefollow ng
primer:

Ral B( Q72L) primer;
5' - CTGGACACCGCTGGGCTAGAGGACTACGCAGCCA- 3" (SEQ I D NG
105) .

Note that the am no acid sequence of a Ral B(Q72L)
protein is shown in SEQ ID NO. 34. Moreover, the base
sequence of a DNA encoding the proteinis shownin SEQID
NO: 33. Further, phAG Ral B(Q72L) encodes afusionprotein
composed of an AG protein and a Ral B(Q72L) protein (the
fusionproteinmay al sobereferredtoas"AG Ral B(Q72L)").

In addition, phAG Ral B(S28N) was prepared using
phAG Ral B(WI') as a tenplate, and AMAP(TM) Mul ti
Site-directed Miutagenesis Kit, and according to the
attached i nstruction, a nutation was i ntroduced usi ngthe
follow ng primer:

Ral B( S28N) pri mer;
5' - CAGCGGAGGCGT TGGCAAGAACGCCCTGACGCTTCAGTTCA- 3" (SEQID
NO: 106) .

Note that the am no acid sequence of a Ral B( S28N)
protein is shown in SEQ ID NO. 36. Moreover, the base
sequence of a DNA encoding the proteinis shownin SEQID
NO: 35. phAG Ral B( S28N) encodes afusi on proteinconposed
of an AGprot ei nandaRal B(S28N) protein(thefusionprotein
may al so be referred to as "AG Ral B(S28N)").

(Transfection into Cultured Cells, and Observation

112



10

15

20

25

of Transfected Cells)

Each of the follow ng conmbinations of the plasmd
DNAs was m xed i n equal anounts and i ntroduced i nt o HeLaS3
cells by the same met hod as that described i n Exanpl e 1:

a combi nati on of pp62(PB1)-Sec5 with phAG Ral B(WI) ;

a combi nati on of pp62( PBl) - Sec5 wi th
phAG Ral B(Q72L) ;

a combi nati on of pp62( PBl) - Sec5 wi th
phAG Ral B( S28N); and

a combi nati on of pp62(PBl) with phAG Ral B(WI).

Mor eover, the transfected cells were observed al so
by the same net hod as that described in Exanple 1. Fig.
29 shows the obtained result. Furt her, images were
obt ai ned using a total internal reflection fluorescence
m croscopy systemwith arc | amp source (manufactured by
O ympus Cor por ati on, | X71- ARCEVA) capabl e of excitingonly
the vicinity of the cell membrane. Fig. 30 shows the
obt ai ned result.

As apparent fromthe result shown in Fig. 29, since
the Ral B protein having the C-term nus pal m toyl at ed was
| ocalized at the cell nmenmbranes, when the wi |l dtype Ral B
protein(Ral B(WI)) was expressed, fluorescent foci derived
fromthe interaction with the Sec5 protein were detected
inthevicinity of the cell menbranes. On the other hand,
no fluorescent focus was detected in the «cells

co- expressing p62(PBl1l)-Sec5 and AG Ral B(S28N). It was
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confirmed as described above that the inactive nutant
Ral B( S28N) of Ral B reduced the interaction with the Sec5
protein. Mor eover, in the «cells co-expressing
p62( PBl) - Sec5 and AG Ral B(Q72L), fluorescent foci were
detected, which had a higher fluorescence intensity
(lum nance) than that in the cells co-expressing
p62( PBl) - Sec5 and AG-Ral B(WI'). It was al so confirmed as
descri bed above that the acti ve nutant Ral B(Q72L) of Ral B
enhanced the interaction with the Sec5 protein.

Further, as apparent fromthe result shown in Fig.
30, in the cells <co-expressing p62(PBl)-Sec5 and
AG- Ral B(WI'), assenmbl i es were observed. The result shown
in Fig. 30 was a result of using the observation system
capabl e of excitingonlythevicinity of thecell menbrane.
Thus, simlarly to the result shown in Fig. 29, it was
verified that the nmethod of the present i nvention enabl ed
detection of the interaction between the wildtype RalB
protein and the Sec5 proteinin the vicinity of the cell
membr anes.

Furthernore, as apparent fromthe result shown in
Fig. 30, in the cells co-expressing p62(PBl)-Sec5 and
AG- Ral B(Q72L), nore significant assenbly formation was
observed. On the other hand, in the cells co-expressing
p62( PB1) - Sec5 and AG- Ral B( S28N), no assenbl y was obser ved.
Thus, simlarly to the result shown in Fig. 29, it was

verified that the method of the present i nvention enabl ed
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detection of reduction of the interaction with the Secb
protein by Ral B(S28N), and enhancenent of the interaction
by Ral B(Q72L).

(Exampl e 18)

<Detection 14 of Protein Interaction>

As in Exanple 17, a test was conducted by a nmethod
descri bed bel ow, using an am no acid nutati on known to be
i nvol ved in reduction of a protein-protein interaction.

(Preparation of Plasm d DNA)

pp62( PBl) - p53_W23L was prepared by introducing a
mut ati oninto pp62(PBl)-p53 descri bedin Exanple 12 by t he
same met hod as t hat descri bed i n Exanpl e 17 using a pri mer
having the base sequence of SEQ ID NO 159
(5" - ACATTTTCAGACCTATTGAAACTACTTCCTGAAAACAACGT- 3") .

Note that the am no acid at position 23 of p53 is
| ocated at an interaction interface site between p53 and
MDM2. Further, a "W23L" mutation of p53 has been known
as a nutation resulting in reduction of the interaction
(seeliterature Zondl o SC, Bi ochem stry., October 3, 2006,
vol . 45, no. 39, pp. 11945 to 11957).

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng combinations of the plasmd
DNAs was m xed i n equal anounts and i ntroduced into cells
by t he same met hod as t hat descri bed in Exanple 1, and t he

cells were observed. Fig. 31 shows the obtained result.
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A conbi nation of pp62(PBl)-p53 with phAG MDM2.
A conmbi nation of pp62(PBl)-p53_W23L with phAG MDM2.

As apparent fromthe result shown in Fig. 31, inthe
cell s co-expressingp62(PBl)-p53 and AG MDM2, fl uorescent
foci (assemblyformation) weresignificantlyobserved(the
|l eft panel inthefigure). Onthe other hand, inthecells
co- expressing p62(PB1)-p53_W23L and AG MDM2, no assenbly
was observed (the right panel in the figure).

Thus, as described in Exanples 17 and 18, it was
reveal ed t hat the method for detecting a protein-protein
interaction of the present invention was al so capabl e of
identifying the am no acid important for the interaction
on the basis of the fluorescence intensity of the
fluorescent focus according to the present invention.
Particularly, the method of the present invention is
capabl e of very easily specifying an am no acid i nvol ved
inaprotein-proteininteractionbyintroducinganmnutation
into an interface of the interaction and detecting the
presence or absence of the interaction. |n other words,
combi ningamethodfor introducinganutationintoaprotein
such as al anine scanning with the nethod of the present
invention mkes it possibletosearchfor asite (hot spot)
i mportant for a protein interaction very easily.

(Exampl e 19)
<Detection 15 of Protein-Protein Interaction>

As descri bed above, it was denonstrated that the
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met hod for detecting a protein-proteininteraction of the
present i nventi onenabl edquantitative measurenent of when
aprotein-proteininteractiontook place and ended i nreal
time. Hence, a test was conducted regardi ng whet her or
not the use of the nmet hod of the present i nventi on enabl ed
det ecti on of howan endogenous si gnal transductionincells
changed over time, according to a protein-protein
interaction that took place in response to the signal

Specifically, theprotein-proteininteractionasthe
detection target in this test was an interacti on between
cal modul i n and a partial sequence (ML3 peptide) of myosin
l'ight chain kinase 2. It has been revealed that the
interactiontakes placeinresponsetoatransient i ncrease
in intracellular <calcium ion concentration (second
messenger) that occurs when a G protein-coupl ed receptor
(GPCR) receives a ligand (see M yawaki A et al., Nature,
August 28, 1997, vol . 388, no. 6645, pp. 882t0887). Hence,
whet her or not it was possible to detect a change in
intracellular calcium ion <concentration over tinme
according to the interaction was tested by a nethod
descri bed below. Fig. 32 shows the obtained result.

(Preparation of Plasm d DNAs)

I n preparing pCal nodul i n-hAG, first, a DNA encodi ng
cal modulin (protein having the am no aci d sequence of SEQ
ID NO 38) (the DNA had the base sequence of SEQ I D NO

37) was anplified fromthe cDNA |ibrary of HeLaS3 cells
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by PCR using the follow ng primer set:

cal modul i n forward pri mer;
5' - TTGGATCCGCCACCATGGACCAACTGACAGAAGAGCAGATTGC- 3" ( SEQ
ID NO. 107), and

cal modul i n reverse pri mer;
5' - AAGAATTCCCCTTTGCTGTCATCATTTGTACAAACTCTTC-3'" (SEQ I D
NO: 108)

Then, the anmplification product thus obtained was
cleaved with BamH and EcoRlI, and inserted into
phAG MNLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, pCal modul i n- hAG was prepared. Note that
t he pCal nodul i n- hAG encodes a fusion protein conposed of
a cal nodul i n proteinand an AGprotein (the fusion protein
may al so be referred to as "Cal nodulin-AG").

Meanwhi |l e, i n prepari ng pML3pepti de-p62(PB1), first,
a DNA encoding a portion of myosin |ight chain kinase 2
(regi on havingthe 566thto 591st am no aci ds of the myosin
| i ght chai n ki nase 2 protein, theregionhadthe am no acid
sequence of SEQID NO:. 40) (the DNA had the base sequence
of SEQ I D NO: 39) was anplified fromthe cDNA |i brary of
HeLaS3 cells by PCR using the follow ng primer set:

ML3 pepti de f orward pri mer;
5' - TTGGATCCGCCACCATGAAGAGGCGCTGGAAGAAAAACTTCATTGC- 3!
(SEQ I D NGO 109), and

ML3 pepti de reverse pri mer;

5' - CCGAATTCCCCAGTGCCCCGGAGCTGGAGATCTTCTTG- 3" ( SEQI DNO:
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110).

Then, the anmplification product thus obtained was
cleaved with BamH and EcoRlI, and inserted into
pp62( PB1) - M\Li nker having been treated with the same
restriction enzynmes. Thus, pML3peptide-p62(PBl) was
prepared. Note that the pML3peptide-p62(PBl) encodes a
fusion proteinconmposed of an ML3 pepti de and p62( PB1) (t he
fusion protein may al so be referred to as
"ML3pepti de-p62(PB1)").

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

pCal modul i n- hAGand pML3pepti de- p62( PB1) were m xed
i n equal amounts and i ntroduced into HeLaS3 cells by the
same met hod as t hat descri bed i n Exanple 1. Then, 200 pM
hi stam ne (manuf act ur ed by Wako Pure Chem cal I ndustri es,
Ltd.) was added thereto, and fluorescence imges were
captured over time. Note that it has been reveal ed t hat
hi stam ne functions as a ligand of an Hl receptor, one of
GPCRs, which is expressed also in HeLaS3 cells.

As apparent fromthe result shown in Fig. 32, before
theligand(hi stam ne) was added, Cal nodul i n- AGwas pr esent
inadispersed mnner inthecells. Meanwhile, 90 seconds
after the |ligand was added, fluorescent focus formation
was detected, confirmng the assenbly formation wth
ML3pepti de-p62(PBl). Nevertheless, 490seconds after the

cytoplasm cal ciumion concentration was decreased, the
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fluorescent foci (assenblies) were extinguished.

Thus, it was reveal ed that the use of the method for
detecting a protein-protein interaction of the present
I nvention enabl 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 Exanple 19 also
denonstratedthat the present i nvention enabl ed detection
of thetransient protein-proteininteraction, further that
t he present i nvention was applicable to detection of and
screening for: an endogenous factor such as a second
messenger causi ng aprotein-proteininteraction; asignal
transduction to which the second nessenger or the |ike
contributed; and a stinmulus fromthe outside such as an
extracellular ligand eliciting the signal transduction.

(Exampl e 20)

<Detection 16 of Protein-Protein Interaction>

In conventi onal met hods for detecting a
protein-proteininteractionrepresented by WO2000/ 017221
A and WO2006/ 099486 A, one of proteins constituting a
compl exformedby aprotein-proteininteractionisforcibly

(artificially) confinedinaparticular regionin acell

Accordi ngly, the detection was inpossible 1in an
intracellul ar environment uni que to the interaction. 1In
contrast, in the nmethod for detecting a protein-protein

i nteraction of the present invention, fluorescent foci
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(assemblies) are autonomously formed only when an
I nteraction takes place. Hence, it is expected that the
problems in the conventional method can be solved. For
this reason, whet her or not the present i nvention enabl ed
detection of an interaction in any region in a cell was
tested by a method descri bed bel ow.

(Preparation of Plasm d DNA)

I npreparing pmlfOR(FRBdomai n) - AGNLS, first, an AGNLS
gene was anplified frompNP-AG (manufactured by limted
conpany Amal gaam Co., Ltd.) by PCR using the follow ng
pri mer set:

AGNLS forward pri mer;
5' - AAACCGGTATGGTGAGTGTGATTAAACCAGAG- 3' (SEQI DNO: 111),
and

AGNLS reverse pri mer;
5' - AATCTAGATTATTTATCCTTTTCCTTTTTACTCTTCTTCTTAGCTACTTC-
3' (SEQ ID NO. 112).

Then, the anmplification product thus obtained was
cl eaved with Agel and Xbal, and inserted i nto pmlrOR( FRB
domai n) - hAG havi ng beentreated with the sane restriction
enzymes t o cut out a hAGregi ontherefrom Thus, pmlrOR( FRB
domai n) - AGNLS was prepared. Note that the pmlrOR(FRB
domai n) - AGNLS encodes a fusion protein conmposed of
MIOR( FRB domai n) , an AGprotein, andanucl ear | ocalization
signal (NLS) (the fusion protein may al so be referred to

as "mMIOR(FRB domain)-AGNLS"). Mor eover, mMTOR( FRB
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domai n)-AGNLS i s to be I ocalized in the nucleus of a cell
because the nucl ear | ocalization signal is fused to the
C-term nus of the mMIOR(FRB domai n) - AG.

Meanwhil e, i n preparing pp62(PB1)-HRas, first, a DNA
encodi ng an HRas protei nwas anplifiedfromthe cDNAIi brary
of HeLaS3 cell s by PCRusingthefoll ow ngprinmer set. The
amplificationproduct thus obtai nedwas cl eaved wi th EcoRI
and Xhol .

HRas f orward pri mer;
5' - AAGAATTCGATGACGGAATATAAGCT GGT GGT GGT GGGCGCCGTCGGTGT G
GGCAAGAGTGC-3" (SEQ I D NO: 113), and

HRas reverse pri mer;
5' - TTCTCGAGACCT CCGGAGACGTTCAGCTTCCGCAGCTTGTGCTGCCGGATC
TCACGCACCAAC-3"' (SEQ I D NO: 114).

Further, a prenyl ated sequence derived froma KRas
protein was anmplified by PCR using the follow ng primer
set. The anplification product thus obtai ned was cl eaved
with Xhol and Notl.

KRas forward pri mer;
5' - AACTCGAGAAGAT GAGCAAAGATGGTAAAAAGAAGAAAAAGAAGT CAAAGA
CAAAGTGTG-3' (SEQ I D NO 115), and

KRas reverse primer;
5' - TTGCGGCCGCTTACATAATTACACACTTTGICTTTGACTTCTTTTTCTTCT
TTTTACCAT-3'" (SEQ ID NO 116).

Then, the two DNA fragments prepared in this manner

were insertedinto pp62(PB1l)-MCLi nker havi ng been treated
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with EcoRlI and Notl. Thus, pp62(PBl)-HRas(WI) was
prepared.

Furt hernmore, pp62(PBl)-HRas encoding a fusion
protein conposed of a constitutively-active nutant HRas
and p62( PB1l) was prepared by i ntroduci ng a nmutati on usi ng
pp62( PBl) - HRas(WI) as a tenplate, and AMAP(TM) Ml ti
Site-directed Mutagenesis Kit (manufactured by limted
conpany Amal gaam Co., Ltd.) according to the attached
instruction, with the followi ng prinmer:

HRas mut ant primer;
5' - GCTGGT GGTGGT GGGCGCCGTCGGT GTGGGCAAGAGTGCGC- 3 (SEQI D
NO: 117).

Note that the pp62(PBl)-HRas encodes a protein
obt ai ned by fusi ng p62(PB1) with a DNA encodi ng HRas havi ng
theC-term nustowhi cht he KRas protein-derivedprenyl ated
sequence i s added (the protein had the am no aci d sequence
of SEQ I D NO: 42) (the DNA had the base sequence of SEQ
I DNO: 41). Moreover, sincehavingtheprenyl atedsequence,
thisfusionproteinissubjectedtopost-translationlipid
modi ficationincells, andlocalizedat thecell menbranes.

In preparing phAG cRaf, first, a DNA encoding a
porti onof cRaf (regionhavingthe51lst to131st am no aci ds
of the cRaf protein, theregionhadthe am no aci d sequence
of SEQ ID NO. 44) (the DNA had the base sequence of SEQ
I D NO: 43) was anmplified by PCRusing the cDNA |ibrary of

HeLaS3 cells as a tenplate and the foll ow ng prinmer set:
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c Raf forward pri mer;
5' - AAGGTACCCCTTCTAAGACAAGCAACACTATCCGTGTTTTCTTGCCGAACA
AGCAAAGAA-3' (SEQ ID NO: 118), and

c Raf reverse primer 71,
5' - TTAAGCTTTTACAGGAAATCTACTTGAAGT TCTTCTCCAATCAAAGACGCA
G 3" (SEQ ID NO: 119).

Then, the anplification product thus obtained was
cleaved with Kpnl and Hindlll, and inserted into
phAG MCLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, phAG cRaf was prepared. Note that the
phAG- cRaf is a fusion protein conposed of an AG protein
and a portion of a cRaf protein (the fusion protein my
also bereferredto as "AG cRaf"). Moreover, the portion
of of a cRaf protein has been known to interact with an
HRas protein (see Mochi zuki Net al ., Nature, June 28, 2001,
vol. 411, no. 6841, pp. 1065 to 1068).

Further, in preparing pSmac-p62(PBl), first, a DNA
encoding a fusion protein conposed of a portion of Smac
(regionhavingthelst tol0tham noacidsof theSnmac protein
the region had the am no acid sequence of SEQ I D NO:. 46)
and p62( PB1l) was anplifiedfrompp62(PB1)- MNL by PCR usi ng
the follow ng primer set:

Smac forward pri mer;
5' - AGGATCCGCCACCAT GGCCGT GCCCATCGCCCAGAAAT CAGAGAATTCGG
3' (SEQ ID NO. 120), and

p62( PB1) reverse primer 2;
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5' - ACCTCTAGATTATTTCTCTTTAATGTAGATTCGGAAGATG- 3" (SEQ ID
NO:. 64)

Then, the anplification product thus obtained was
cleaved with BamHl and Xbal, and inserted into
pp62( PB1l) - MNL havi ngbeentreatedwiththesamerestriction
enzymes to cut out the linker and p62(PBl) therefrom
Thus, pSmac-p62(PB1) was prepared. Note that the
pSmac- p62(PB1) encodes a fusion protein conmposed of a
porti on of Smac and p62(PB1) (the fusion protein may al so
be referred to as "Smac-p62(PB1)").

In addition, in preparing pXl AP-hAG, first, a DNA
encodi ng aportionof XI AP(regi onhavingthe 243rdto 356th
am no aci ds of the XI AP protein, the regi on had the am no
aci dsequence of SEQI DNO: 48) (the DNAhadt he base sequence
of SEQID NO: 47) was anplified fromthe cDNA |i brary of
HeLaS3 cells by PCR using the follow ng primer set:

Xl AP forward pri mer;
5' - TTGGATCCGCCACCATGGCTGTGAGTTCTGATAGGAATTTCCCAAATTC- 3
' (SEQ ID NO. 121), and

Xl AP reverse primer;
5' - TTGAATTCTCAGTAGT TCTTACCAGACACTCCTCAAGTGAATGAG- 3!
(SEQ I D NO: 122).

Then, the anplification product thus obtained was
cleaved with BamHlI and EcoRI, and inserted into
phAG- MNLi nker havi ngbeentreatedwiththesamerestriction

enzymes. Thus, pXl AP-hAG was prepared. Note that the
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pXl AP- hAG encodes a fusion protein conposed of a portion
of XI AP and an AG protein (the fusion protein may al so be
referred to as "XIAP-AG'). Moreover, it has been known
that the portion of Smac and the portion of Xl AP interact
wi t h each other inthe cytoplasm(see LiuZet al., Nature,
December 21-28, 2000, vol. 408, no. 6815, pp. 1004to01008)

Further, in preparing pp62(PBl)-Bcl X(L), first, a
DNA encodi ng a portion of Bcl X(L) (region having the 1st
to 209th am no acids of the Bcl X(L) protein, the region
had t he am no aci d sequence of SEQI D NO: 50) (the DNA had
t he base sequence of SEQI D NO: 49) was anplified fromthe
CDNA i brary of HeLaS3 cells by PCR using the foll ow ng
pri mer set:

Bcl X(L) f orward primer;
5' - TTCTCGAGGATGT CTCAGAGCAACCGGGAGCTGGTGGTTGAC- 3! ( SEQ
ID NO 123), and

Bcl X(L) reverse primer;
5' - CTAAGCGGCCGCTTAGCGT TCCTGGCCCTTTCGGCTCTCGGCTG 3!
(SEQ I D NO: 124).

Then, the anmplification product thus obtained was
cleaved with Xhol and Notl, and inserted into
pp62( PB1) - MCLi nker having been treated with the same
restriction enzynes. Thus, pp62( PB1) - Bcl X(L) was
prepared. Note that the pp62(PB1l)-Bcl X(L) encodes a
fusionproteinconposed of p62(PB1) andaportionof Bcl X(L)

(the fusion protein my also be referred to as
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"p62( PB1)-Bcl X(L)").

In addition, in preparing phAG BAD, first, a DNA
encodi ng a porti on of BAD(region havingthe 103rdto 127th
am no acids of the BAD protein, the region had the am no
aci dsequence of SEQI DNO: 52) (t he DNAhadt he base sequence
of SEQID NO: 51) was anplified by PCRusing the foll owi ng
pri mer set:

BAD f orward primer 1,
5' - GCAGCACAGCGCTATGGCCGCGAGCT CCGGAGGATGAGTGACGAGT TTGT -
3' (SEQ ID NO: 125),

BAD forward pri mer 2;
5' - TTGGATCCAACCT CT GGGCAGCACAGCGCT AT GGCCGCGAGCT CCGGAGG
3' (SEQ ID NO: 126), and

BAD reverse primer;
5' - TTGAATTCTTACTTCTTAAAGGAGT CCACAAACTCGTCACTCATCCTCCG
3' (SEQ ID NO: 127).

Then, the anplification product thus obtained was
cleaved with BamHlI and EcoRI, and inserted into
phAG MCLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, phAG BAD was prepared. Note that the
phAG BAD encodes a fusi on prot ei n composed of an AGprotein
and aportionof BAD(thefusionproteinmy al sobereferred
to as "AG-BAD'). Moreover, it has been known that the
portion of Bcl X(L) and the portion of BAD interact with
each other inthe cytopl asm(see Sattl er Met al., Sci ence,

February 14, 1997, vol. 275, no. 5302, pp. 983 to 986).
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(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng combinations of the plasmd
DNAs was m xed i n equal anmounts and i ntroduced i nt o HeLaS3
cells by the same met hod as t hat described i n Exanpl e 1:

a conbination of pFKBP12-p62(PBl) with pmlrOR(FRB
domai n) - AGNLS;

a combi nation of pp62(PBl)-HRas with phAG cRaf;

a conbi nati on of pSmac-p62(PB1l) with pXl AP- hAG, and

a combi nation of pp62(PB1)-Bcl X(L) with phAG BAD.

Mor eover, the transfected cells were observed al so
by the same method as that described in Exanple 1.
Nevert hel ess, regarding the cells in which the
pFKBP12- p62(PBl) and the pmlrOR(FRB domai n)- AGNLS were
i nt roduced, fluorescence i mages and phase contrast i nages
wer e captured 300 seconds after 100 nMrapanyci n was added.
Figs. 33 to 36 show the obtained results.

As apparent fromthe result shown in Fig. 33, when
MIOR( FRB domai n) - AGNLS and FKBP12- p62( PB1) wer e expressed
in the cells, mIOR(FRB domai n) - AGNLS was | ocalized in a
di spersed st at e because t he mTOR( FRB donmmai n) - AGNLS had t he
nucl ear localization signal sequence at the C-term nus
t hereof (seethe left panel inFig. 33). Moreover, by the
addition of rapanmycin, fluorescent foci formed by an
associ ation between FKBP12- p62( PB1) and mIOR( FRB

domai n) - AGNLS were detected only in the nuclei (see two
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panels on the right in Fig. 33).

Further, as apparent fromthe result shown in Fig.
34, when p62(PB1l)-HRas having the prenyl at ed sequence at
the C-term nus t hereof and AG cRaf were expressed in the
cells, by the prenyl at ed sequence, fluorescent foci formed
by an associ ati on bet weenthe p62(PB1) - HRas and t he AG cRaf
were detected fromthe cell menbranes.

Furthernore, as apparent fromthe result shown in
Fig. 35, when Smac- p62( PB1) and Xl AP- AG wer e expressed in
the cells, fluorescent foci formed by an association
bet ween Smac- p62( PB1) and Xl AP- AG were al so detected in
thecytoplasns, reflectingtheinteracti onbetweenthe Smac
protein and the Xl AP protein, which had been known to t ake
pl ace in the cytoplasm

Additionally, as apparent fromthe result shown in
Fig. 36, when p62(PB1)-Bcl X(L) and AG BAD were expressed
in the cells, fluorescent foci formed by an associ ation
bet ween p62( PB1) - Bcl X(L) and AG- BAD wer e detected al soin
the cytoplasnms, reflecting the interaction between the
Bcl X(L) protein and t he BAD protein, which had been known
to take place in the cytoplasm

(Exampl e 21)

<Detection 17 of Protein-Protein Interaction>

As inthe case of Exanpl e 20, whether or not the use
of the met hod of the present invention enabl ed detection

of a protein-protein interaction in an intracellul ar
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envi ronment uni quetoatarget proteinwastestedbyanmethod
descri bed bel ow.

Note that, in this Exanple 21, the detection target
was a protein-proteininteraction between a Racl protein
and PBD (p2l1 binding domain). The Racl protein is a
| ow- nmol ecul ar - wei ght G protein, and guani ne nucl eoti de
exchange factors (GEFs) such as Tiaml, Trio, and VAVl
convert the Racl protein froman inactive GDP-bound form
to an active GIP-bound form Moreover, it has been known
t hat an active Racl protein and PBDof a Cdc42/ Rac ef fect or
protein (p2l-activated ki nase 1: PAK1l) interact with each
other. Further, GEFs arelocalizeddifferently dependi ng
on the type, and are | ocalized i nside the nucl eus, at the
border (near the cell nenmbrane), and so on, of acell. For
this reason, while a Racl protein is present everywhere
in the cell, an activation of the Racl protein and an
i nteraction between an active Racl protein and PBD take
place in intracellular regions in accordance with GEFs
| ocalized differently depending on the type (see Benard
Vet al., JBiol Chem, May 7, 1999, vol. 274, no. 19, pp.
13198 to 13204).

(Preparation of Plasm d DNA)

I n preparing phAG- Racl, first, a DNA encodi ng a Racl
protein (protein having the am no acid sequence of SEQID
NO: 54) (the DNA had the base sequence of SEQ I D NO: 53)

was amplified fromthe cDNAIi brary of HeLaS3 cells by PCR
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using the followi ng primer set:

Racl f orward primer;
5' - GAGAATTCGATGCAGGCCATCAAGTGTGTGGTGG- 3" ( SEQI DNG: 128)
and

Racl reverse pri mer;
5' - GGCTCGAGTTACAACAGCAGGCATTTTCTCTTCC-3'" (SEQ ID NG
129).

Then, the anmplification product thus obtained was
cleaved with EcoRl and Xhol, and inserted into
phAG MNLi nker havi ngbeentreatedwiththesamerestriction
enzymes. Thus, phAG Racl was prepared.

Meanwhil e, in preparing pp62(PB1)-PBD, first, a DNA
encodi ng PBD(regi on having the 67th to 150th am no aci ds
of the PAK1 protein, theregionhadthe am no aci d sequence
of SEQ I D NO: 56) (the DNA had the base sequence of SEQ
I D NO: 55) was anplified fromthe cDNA |ibrary of HelLaS3
cells by PCR using the follow ng primer set:

PBD f orward primer;
5' - TTGGATCCAAGAAAGAGAAAGAGCGGCCAGAGATTTCTCTCCC- 3" ( SEQ
ID NO: 130), and

PBD reverse pri mer;
5' - CCGAATTCTTACGCTGACTTATCTGTAAAGCTCATGTATTTCTGGC- 3!
(SEQ I D NO: 131).

Then, the anmplification product thus obtained was
cleaved with BamH and EcoRlI, and inserted into

pp62( PB1) - MCLi nker having been treated with the sanme
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restriction enzymes. Thus, pp62(PB1l)-PBD was prepared.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

Each of the follow ng conmbinations of the plasmd
DNAs was m xed i n equal anounts and i ntroduced i nto U20S
cells by the same met hod as that described i n Exanpl e 1:

a combi nation of phAG Racl with pp62(PB1)-PBD; and

a combi nati on of phAG- Racl with pp62( PB1) - MNLi nker .

Figs. 37 to 39 show the obtained results.

As apparent fromthe results shown in Figs. 37 and
38, when AG Racl and p62(PBl)-PBD were expressed in the
cells, fluorescent foci formed by an associ ati on between
AG- Racl and p62( PBl) - PBDwere detectedinthe nuclei (Fig.
37) and at the borders of the cells (Fig. 38).

On t he ot her hand, as apparent fromthe result shown
inFig. 39, when AG Racl and p62(PB1) not fused to PBD were
expressedinthecells, nofluorescent focus was det ect ed.

The above results denonstrated that it was possible
todetect thesane protein-proteininteractioninnultiple
regions inthe cell. Thus, it was reveal ed that w thout
forcibly (artificially) confining inaparticular region
in a cell a protein constituting a conplex formed by a
protein-protein interaction, the present invention
enabl ed detection of the protein-protein interaction in
a uni que i ntracel l ul ar environment i n accordance with the

| ocalization of the protein.
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Mor eover, it was al so denonstratedthat by detecting
the protein-protein interaction, the present invention
enabl ed detection of the active (GTP-bound form Racl
protein. Further, it wasverifiedthat it wasal sopossible
to detect the localization and activity of the
intracellular enzyme GEF by detecting the conversion to
t he active GIP-bound form thus revealing that the method
of the present invention enabl ed detection of an activity
of an endogenous factor according to a protein-protein
I nteraction.

(Exampl e 22)

<Detection 18 of Protein-Protein Interaction>

As descri bedin Exanpl e 21, it has beenreveal ed t hat
an active Racl protein and PBD of a Cdc42/ Rac effector
protein (p2l-activated ki nase 1: PAK1l) interact with each
ot her .

Mor eover, it has al sobeenknownthat thel ocalization
of a Racl protein is changed by geranyl geranyl group
nodi fication (prenylation) onthe C-term nus of the Racl
protein. Further, it has also been known that a Racl
protein interacts with RhoGDI via a geranyl geranyl group
of the Racl protein.

Hence, it was confirmed by a net hod descri bed bel ow
t hat t he met hod of the present i nvention enabl ed detecti on
of a change in localization of these protein-protein

i nteracti ons.
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First, pRhoGDI-p62(PBl) was prepared by the sane
met hod as that described in Exanple 2 on the basis of a
DNA sequence encodi ng the am no aci d sequence specified
under Genbank ACCESSION No: NP_004300. Mor eover,
phAG Racl and pp62( PBl) - PBD were as descri bed i n Exanpl e
21.

Then, each of the followi ng conbinations of the
pl asm d DNAs was m xed i n equal amounts and i ntroducedinto
cells by the same nethod as in Exanple 2:

a conmbi nation of phAG Racl with pp62(PB1)-PBD; and

a combi nati on of phAG Racl with pRhoGDI-p62(PB1).

Then, after culturing for 6 hours after the
transfection, ani nhi bitor mevastatin(EnzolLife Sciences
I nc.) agai nst geranyl geranyl group nmodi fi cati on was added
to the final concentration of 10 uM all owed for further
cul turing for 15 hours, and observed. Fig. 40 shows the
result of thecell sco-expressi ngAG Raclandp62(PB1) - PBD.
Fig. 41 shows theresult of thecells co-expressing AG Racl
and RhoGDI - p62(PB1). Note that the sane cells are shown
ineach of Figs. 40 and 41: (A) is photographed by t he sanme
met hod ast hat descri bedi nExanpl el usi nganormal i nverted
epi fl uorescence m croscope; and (B) i s phot ographed by t he
same net hod as t hat described in Exanple 17 using a total
internal reflection fluorescence m croscopy systemwi th
arc | anp source.

As apparent fromthe result shown in the two upper
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panel s of Fig. 40, the method of the present invention
confirmed that, in a normal state, the protein-protein
i nteraction between Racl and PBD took place both inside
and outside the nuclei; in other words, Racl was present
in an activated state.

It has been known that if geranyl geranyl group
nodi ficationis inhibited with adrug such as nevastatin,
Raclislocalizedinthenucl eus. Regardingthisknow edge,
the method of the present invention also confirmed as
apparent fromthe result shown in the two | ower panel s of
Fig. 40t hat theinteracti onbetween Racland PBDwas changed
by t he mevastatintreatment, so that the interaction took
place only in the nuclei. Further, by detecting the
interaction, the method of the present invention also
confirmed t hat Racl was present in an activated state even
wi t hout the geranyl geranyl group nmodification.

Meanwhi |l e, regarding the interaction between Racl
and RhoGDI, the net hod of the present invention confirmed
as apparent fromthe result shown in the two upper panel s
of Fig. 41 that, in a normal state, the protein-protein
i nteraction between Racl and RhoGDI t ook pl ace outsidethe
nucl ei .

On t he ot her hand, as apparent fromthe result shown
inthetwol ower panel s of Fig. 41, the met hod of t he present
i nvention confirmed that Racl was | ocalized only in the

nucl ei by the mevastatintreatnment as descri bed above, and
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further that since the geranyl geranyl group modification
of Racl was suppressed, the interaction between Racl and
RhoGDI was reduced.

Thus, the present invention confirmed that it was
possi bl e to detect howthe protein-proteininteractionin
multipleregionsinthecell was changed by a sti mul us from
t he outside. Furthernmore, it was confirmed that it was
al so possible to detect the presence or absence of a
nodi fication of a protein influencing a protein-protein
i nteraction (for exanpl e, ger anyl ger anyl group
nodi fication of Racl in relation to a Racl-RhoGDI
I nteraction).

(Exampl e 23)

An interaction between KRas and cRaf is one of
i mportant signal transductions for cell proliferation,
differentiation, and so forth. Moreover, it has been
reveal edthat thisprotein-proteininteractiontakes pl ace
by anactivationof KRasasaresult of signalingviaGrb2-S0OS
froman EGFreceptor acti vatedby anepi dermal growt hfactor
( EGF) . Further, it has also been known that this
protein-protein interaction changes the |ocalization of
cRaf fromthe cytoplasmto the cell menbrane.

As descri bed above, since the interaction between
KRas and cRaf is dependent on EGF, the interaction does
not take place inthe absence of EGF. However, anmong KRas

mut ants, thereareal soconstitutively-activenutants (for
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exampl e, KRasGl12D) capabl e of interactingwithcRaf inthe
absence of EGF. Furthernore, such nutants have been
detected i n vari ous cancers. Thus, inthe devel opment of
effective cancer treatnments, and soforth, it isinportant
to detect positional informati on andtenporal information
onaprotein-proteininteractionsuchasassenblyformation
bet ween KRas or nut ants t hereof and cRaf, and | ocalization
of the assenbly.

For thi s reason, whet her or not the present i nventi on
enabl ed detection of a difference in protein-protein
i nteraction between a protein having adi sease-associ at ed
mut ati on and a wil dtype protein thereof was tested by a
met hod descri bed bel ow.

(Preparation of Plasm d DNAs)

pp62( PBl) - KRas(WI') was prepared by the same met hod
as that descri bedinExanmple2onthebasis of a DNAsequence
encodi ng the am no aci d sequence specified under Genbank
ACCESSI ON No: NP_004976.

Regardi ng pp62(PBl)-KRas(Gl2D), a nmutation was
i ntroduced into pp62(PB1) - KRas(WI') by the sanme met hod as
t hat descri bed in Exanmple 17 using a prinmer havi ng t he DNA
sequence of SEQ I D NO: 160
(5" - CTTGTGGTAGT TGGAGCT GACGGCGTAGGCAAGAGTGCCTTG 3') .
phAG- cRaf (R59A) was prepared by the same met hod as that
descri bed i n Exanpl e 2 on the basis of a DNA sequence ( SEQ

| DNO: 161) encodi ngaproteinhavingtheam noaci dsequence
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of SEQ ID NO. 162. Note that, as cRaf, a nmutant of the
protein (cRaf(R59A)) was used in this Exanple wth
reference to the method described in Harvey CD et al.,
Science., July 4, 2008, vol. 321, no. 5885, pp. 136-140.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

The plasm d DNAs were m xed i n equal amounts in the
foll owi ng combi nati ons, and were introduced into Cos-7
cells by the same met hod as t hat descri bed i n Exanpl e 2:

a combi nati on of pp62( PB1l) - KRas( WI) wi th
phAG- cRaf (R59A) ; and

a combi nati on of pp62( PB1) - KRas( G12D) wi th
phAG- cRaf ( R59A) .

The cells were observed using a total internal
reflection fluorescence m croscopy systemwith arc | anp
source (manuf actured by O ynmpus Cor por ati on, | X71- ARCEVA)
capabl e of excitingonlythevicinityof thecell menbrane.
Additionally, regar di ng t he combi nati on of
pp62( PBl) - KRas(WI) with t he phAG cRaf (R59A), an i nage was
obtai ned when no EGF was added. After that, EGF
(manuf actured by SI GMA CO.) was added to the cells to the
final concentration of 50 ng/m and | eft standing at 37°C
for 30 mnutes. Then, the resultant was observed agai n.
Fig. 42 shows the obtained result.

As apparent fromthe result shown in Fig. 42, inthe

cells co-expressing p62(PB1) - KRas(WrI) and AG- cRaf (R59A),
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nofl uorescent focus (assemblyformation) was obser vedwhen
no sti mul us was appliedfromthe outside (no EGF addition).
Meanwhi | e, as EGF was added, the assenbly formation was
observed at the cell menbranes. On the other hand, inthe
combi nati onof pp62( PB1l) - KRas( G12D) wi t h phAG- cRaf ( R59A) ,
t he assenbly formati on was observed at the cell menbranes
even without a stinmulus fromthe outside.

Thus, the present invention makes it possible to
clearly understand a difference (such as dependency on
external stimnmulus) of aprotein-proteininteractioncaused
by a mutation associated with a di sease. Therefore, the
met hod of the present inventionis effective in analyzing
the intracel lular dynam cs and the function of a protein
and the |ike associated with the disease.

(Exampl e 24)

<Detection 20 of Protein-Protein Interaction>

As described in Exanple 19 also, it was confirmed
by a nmethod descri bed bel ow that the present invention
enabl ed detection of a <change in protein-protein
I nteraction over time.

Not e t hat , in Exampl e 24, t he target ed
protein-proteininteractionswere: aninteractionbetween
Bcl X(L) and Bak, and an interaction between Bcl X(L) and
Bax. |t has been reveal ed t hat bot h Bak and Bax i nteract
wi th Bcl X(L) viaBH3 domai nsthereof. |t has beenreveal ed

t hat t he di ssoci ati on const ant between Bcl X(L) and Bak BH3
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domain is 340 nM and the dissociation constant between
Bcl X(L) and Bax BH3 domainis 13 pM(see Sattler Met al .,
Sci ence., February 14, 1997, vol. 275, no. 5302, pp. 983
to 986). Additionally, it has al so been known t hat t hese
protein-proteininteractions are conpetitivelyinhibited
by ABT-737 (BH3 m netic).

(Preparation of Plasm d DNAs)

pBak- hAG was prepared by the sanme nethod as that
descri bed i n Exanpl e 2 using a DNA(SEQI DNO: 163) encodi ng
a region having the am no aci d sequence of SEQI D NO. 164.
phAG- Bax was prepared by t he sane met hod as t hat descri bed
i n Exanple 2 using a DNA (SEQ I D NO: 165) encodi ng a regi on
havi ngthe am no aci d sequence of SEQI DNO: 166. Moreover,
pp62( PB1l) - Bcl X(L) was as described in Exanple 20.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

The plasm d DNAs were m xed i n equal amounts in the
foll owi ng combi nati ons, andthe genes wereintroducedinto
293 cells by the same met hod as that descri bed i n Exanpl e
2:

a combi nati on of pp62(PB1)-Bcl X(L) with pBak-hAG,
and

a combi nati on of pp62(PB1)-Bcl X(L) with phAG Bax.

Then, to the 293 cells into these plasm d DNAs wer e
i nt roduced, ABT-737 (manufactured by Santa Cruz

Bi ot echnol ogy, I nc.) was added to the final concentration
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of 15 uM and i mages were obtai ned by the same net hod as
t hat described in Exanple 2 every 30 m nutes for the cells
co- expressing p62(PB1l)-Bcl X(L) and Bak-AG, and every 5
m nutes for the cells co-expressing p62(PB1)-Bcl X(L) and
AG-Bax. Onthe basis of the obtainedinmages, anal ysi s was
performed by the same nmet hod as t hat descri bed i n Exanpl e
11, andagraphwas preparedbyplottingatotal fluorescence
intensity of fluorescent foci (assenmblies) against tine.
Notethat, inthegraph, thexaxi srepresentstime(m nutes),
provi ded that tinme when the drug was added is 0, and the
y axis represents the total fluorescence intensity of
fluorescent foci (assenblies). Fig. 43 shows the result
of the cells co-expressing p62(PB1)-Bcl X(L) and Bak- AG.
Fig. 44 shows the result of the cells co-expressing
p62( PBl)-Bcl X(L) and AG Bax.

As apparent fromthe results shown in Figs. 43 and
44, in both of theinteraction between Bcl X(L) and Bak and
the interaction between Bcl X(L) and Bax, the total
fluorescence | um nances of assenblies formed in a manner
dependent on these protein-protein interactions were
decreased over time by the addi ti on of ABT-737. Thus, the
present invention verified that by detecting the
fluorescent foci, it was possi bleto detect a perioduntil
the protein-protein interactions ended.

Mor eover, the time when the total fluorescence

| um nancereached ahal f val ue was appr oxi mat el y 80 m nut es
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inthecase of Bcl X(L) and Bak, and appr oxi mately 35 m nut es
inthecaseof Bcl X(L) andBax. Sincetherateof decreasing
assembl i es was slower in Bcl X(L) and Bak with a small er
di ssoci ati onconstant (di ssoci ati onconstant: 340nM t han
in Bcl X(L) and Bax (di ssoci ation constant: 13 uM), it was
confirmed as descri bed above that the present invention
enabl ed eval uati on of a strength of the protein-protein
I nteraction.
(Exampl e 25)

<Detection 21 of Protein-Protein Interaction>

As described in Exanple 24 also, it was confirmed
by a nmethod descri bed bel ow that the present invention
enabl ed detection of a change over time in when a
protein-protein interaction took place.

First, CHO K1 cells stably expressing p62(PB1)-p53
and AG- MDM2 descri bed i n Exanpl e 13 wer e seeded ont o a 35- mm
gl ass base di sh (manufactured by Asahi G ass Co., Ltd.).
Then, on the next day, Nutlin-3 (manufactured by
CALBI OCHEM) was added thereto to the final concentration
of 10 uM and observed by t he same nmet hod as t hat descri bed
in Example 1. 1 mages were obtained 2 m nutes before the
addition and thereafter every 15 seconds. The obtai ned
i mmges were used to analyze atotal fluorescence |l um nance
of assenbl i es by enpl oyi ngthe same met hod ast hat descri bed
in Exanmple 11, and a graph was prepared by plotting the

total fluorescence | um nance against tinme. Fig. 45 shows
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t he obtained result.

As apparent fromthe result shown in Fig. 45, the
total fluorescence | um nance of assenblies was decreased
as soon as Nutlin-3 (manufacturedby CALBI OCHEM was added.
The ti me when t he hal f val ue was reached was appr oxi mately
3 mnutes. Thus, the present invention confirmed that,
by detectingthefluorescent foci, it was possi bl etodetect
a period until the protein-protein interaction ended and
t he process.

(Exampl e 26)

<Detection 22 of Protein-Protein Interaction>

As descri bed above, it was confirmed by a method
descri bed below that the present invention enabled
det ecti on of a change over tinme in when a protein-protein
i nteraction took place.

First, to HeLaS3 cells stably expressi ng mlrOR( FRB
domai n) - AG and p62( PBl) - FKBP12 descri bed i n Example 11,
rapamyci n was added to the final concentration of 20 nM
and anal yzed by t he same met hod as t hat descri bed i n Exanpl e
11. Fig. 46 shows the obtained result.

As apparent fromthe result shown in Fig. 46, after
rapamyci n was added, assenbly formati onwas i nducedastinme
el apsed. The time when the half value was reached was
approximately 3 m nutes. Thus, it was confirmed that the
present invention enabled detection of time when the

protein-protein interaction took place and the process,
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by detecting the fluorescent foci.
(Exampl e 27)

<Detection 23 of Protein-Protein Interaction>

It hasbeenreveal edt hat whenERKincellsisactivated
by an EGF stinmulus, the ERK substrate (ERK substrate) is
phosphoryl ated; as a result, the ERK substrate and a ww
domai nof aPinlprotein(Pinl(ww)) interact witheachother.
Further, it has also been known that if a MEK inhibitor
U0126 i s added, the ERKactivityis decreased; as aresult,
the ERK substrate is dephosphoryl ated, term nating the
i nteraction between the ERK substrate and Pinl(ww).

InthisExanmple, it wasconfirmedbyamethoddescribed
bel owthat: the present invention enabl ed detecti on of an
interaction between an ERK substrate and Pin1(ww) i nduced
indirectly by EGF through ERK activation; the present
I nvention enabl ed detection of an interaction between an
ERK substrate and Pi n1(ww) suppressed indirectly by U0126
t hr ough ERKi nacti vati on; andthepresent i nventi onenabl ed
det ecti on of an EGF sti nul us- dependent si gnal transducti on
over tinme.

(Preparation of Plasm d DNA)

In this Exanmple, in order to detect an EGF
stimul us-dependent interaction between an ERK substrate
and Pin1(ww),
pp62( PB1l) - ERK _substrat e- P2A- hAG Pi n1( ww) - NES was

prepared with reference to a system for detecting the

144



10

15

20

25

interaction by utilizing FRET (see Christopher D. Harvey
et al., Proc Natl Acad Sci US A., December 9, 2008, vol.
105, nol. 49, pp. 19264 to 19269). Specifically,
pp62( PB1l) - ERK_substrat e- P2A- hAG Pi n1( ww) - NES was
prepared by the same nmet hod as that described i n Exanpl e
2 using a chemcally synthesized DNA (SEQ ID NO 167)
encodi ng a regi on having the am no acid sequence of SEQ
I D NO: 168.

Note that, in the am no acid sequence of SEQ I D NO:
168, the am no aci d sequence frompositions 1to 102 shows
the am no acid sequence of p62(PB1). The am no acid
sequence frompositions 103to 128 shows ali nker sequence
The am no acid sequence from positions 129 to 138 shows
the am no acid sequence frompositions 43 to 52 of human
Cdc25Ct hat i sthe ERKsubstrate, andt heam noaci dsequence
frompositions 139 to 142 shows the am no aci d sequence
of an ERK docking site. The am no acid sequence from
positions 146 to 164 shows the am no acid sequence of a
P2A peptide. The am no acid sequence frompositions 165
to 390 shows t he am no aci d sequence of AG. The am no aci d
sequence frompositions 391to 416 shows ali nker sequence
The am no acid sequence from positions 417 to 470 shows
the am no acid sequence of Pinl(ww). The am no acid
sequence from positions 471 to 482 shows the am no acid
sequence of a nucl ear export signal (NES) of MEK.

Mor eover, the P2A peptide inserted between
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p62( PBl) - ERK substrate and AG Pinl(ww)-NES is a CHYSEL
(cis-acting hydrol ase elenent) sequence derived from
porci ne teschovirus. It has been known that when the
protein is translated, ri bosome skipping occurs,
generating cl eavage in front of proline at the end of the
am no acid sequence ( ATNFSLLKQAGDVEENPGP) (see Donnelly
M. et al., J Gen Virol., may 2001, vol. 82, no. 5, pp. 1013
to 1025). Thus, i f t he
pp62( PB1l) - ERK_substrat e- P2A- hAG Pi n1( ww) - NES i's
introducedintocells, thisis consequently cleaved i nto:
a product having a portion of the P2A peptide fusedto the
C-term nus of p62(PB1) - ERK _substrate; anda product havi ng
a portion of the P2A peptide fused to the N-term nus of
AG Pinl(ww)-NES. The two are expressed in the cells.

(Transfection into Cultured Cells, and Observation
of Transfected Cells)

pp62( PB1l) - ERK _substrat e- P2A- hAG Pi n1(ww) - NES was
transfected into 293 cells by the same method as that
descri bedinExamplel. Onthenext day, EGF ( manufactured
by SIGMA CO.) was added to the cells to the final
concentrationof 50ng/m . Further, 14 m nutesthereafter,
U0126 was added to the cells to the final concentration
of 10 uM  Meanwhil e, the cell observation was started 2
m nut es before the EGF addition, and the observed i mages
wer e obt ai ned every 15 seconds. The obtai ned i mages were

used to analyze a total fluorescence |um nance of
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fluorescent foci (assenblies) by the sanme met hod as t hat
descri bedi nExanmpl e11, andagraphwas preparedbyplotting
the total fluorescence |um nance against time. Fig. 47
shows the obtained result.

As apparent fromthe result shown in Fig. 47, in the
cells expressing p62( PBl) - ERK substrate and
AG- Pinl1(ww) - NES, after EGF was added, fluorescent foci
(assenblies) weresignificantly observed as time el apsed.
However, after U0126 was added, the fl uorescent foci were
sl owm ydecreased, reflectingthepronoti onof ERKsubstrate
dephosphorylation in response to endogenous ERK
I nactivation due to the addition.

The change over time in the total fluorescence
| um nance of fluorescent foci (assenblies) representing
theinteraction betweenthe ERKsubstrate and Pi n1(ww) was
substantially the same as theresult obtai ned by measuri ng
an ERKsubstrate-Pinl(ww) i nteractionusi ng FRET descri bed
in Christopher D. Harvey et al., Proc Natl Acad Sci U S
A., December 9, 2008, vol. 105, no. 49, pp. 19264 to 19269.

In this manner, the present invention makes it
possi bl e to detect a protein-proteininteraction induced
or inhibited indirectly by a particular stinmulus, by
detecting fluorescent foci. Mor eover, the present
invention also makes it possible to detect a signal
transduction over time.

(Exampl e 28)
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<Detection 24 of Protein-Protein Interaction>

As descri bed above, based onthe interaction between
HRas and cRaf described in Exanmple 20, it was confirnmed
that the present invention enabl ed detection of a change
over timeinwhenaprotein-proteininteractiontook pl ace.

Specifically, pp62( PB1l) - HRas( WI) described in
Exanpl e 20 and phAG- cRaf ( R59A) descri bedi n Exanmpl e 23 were
introducedintocells by the sane met hod as t hat descri bed
i n Exampl e 23. EGF (manufactured by SI GMA CO.) was added
thereto to the final concentration of 50 ng/m. A
measur enent apparatus capabl e of detecting a fl uorescent
signal only inthe vicinity of the cell menbrane was used
for theobservation. Notethat theobservati onwasstarted
5m nut es beforethe EGFaddi ti on, andconti nuedat 5-m nute
intervals for 30 mnutes after the addition. The
observation was made another 30 m nutes thereafter. On
t he basi s of t he obt ai nedi mage dat a, anal ysi s was performed
by the same nmet hod as that described in Exanple 11, and
a graph was prepared by plotting a total fluorescence
intensity of fluorescent foci (assenblies) agai nst tine.
Notethat, inthegraph, thexaxisrepresentstime(m nutes),
provi ded that ti me when EGF was added i s 0O, and the y axi s
representsthetotal fluorescenceintensityof fluorescent
foci (assemblies). Fig. 48 shows the obtained result.

As apparent fromthe result shown in Fig. 48, the

interactionbetween HRas and cRaf t hat t ook pl ace by addi ng
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EGF was successfully detected over tine.

Mor eover, as descri bed above, it has been known t hat
cRaf interacts with HRas acti vated as aresult of signaling
via a Grb2-SOS conplex froman EGF receptor of cells to
whi ch EGF has been added. Thus, the result shown in Fig.
48 confirmed that the present invention enabled tracing
over time of a process in which an intracellul ar signal
transductionpat hway (suchasasignal transducti onpat hway
via a Grb2-S0OS conmpl ex) was activated in response to a
stimulus (such as EGF) appliedto cells fromthe outside.

(Exampl e 29)

<Detection 25 of Protein-Protein Interaction>

As described above, it has been revealed that
rapamycin binds to a FKBP12 protein, and this conpl ex
further bindstoaFRBdomai nof amlfORprotein ( mrTOR(FRB) ).
A mMTOR protein is a serine/threonine kinase having a
function of activating signal transductions involved in
proteinsynthesisandcell proliferation. 1t hasalsobeen
reveal ed that the function is inhibited by such conpl ex
formati on bet ween a FKBP12 protein and rapamnmycin.

Furthernore, a FKBP12 protein has been known to
interact withaprotei nphosphatase (cal ci neurin) conposed
of a catal ytic subunit A (calcineurin A) and a regul atory
subunit B (calcineurin B) via FK506. Calcineurin is an
enzyme having a very inportant function in signal

transductions in T cells and the like. 1t has also been
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reveal ed that the function is inhibited by such conpl ex
formati on between a FKBP12 protein and FK506.

Hence, in this Exanple, a test was conducted by a
met hod descri bed bel owr egar di ng whet her or not t he present
i nventi on enabl ed detection and distinguishment of: a
compl ex of FKBP12 and mlfOR( FRB) f ormed i na manner dependent
on rapanycinin asingle cell in which FKBP12, mlrOR(FRB),
calcineurin A and calcineurin B were co-expressed; a
compl ex of FKBP12 with calcineurin A and calcineurin B
formed in a mnner dependent on FK506; and eventual ly an
i nhi bitionof signal transductionsinwhichtheseconpl exes
wer e invol ved.

Note that as the "cal cineurin A and cal ci neurin B"
expressed in the cell, a mCAB protein was used, which was
composed of a portion of calcineurin Afused to a portion
of cal cineurinB(see Cl enons PAet al., ChemBi ol ., January
2002, vol. 9, iss. 1, pp. 49 to 61).

First, phAG- nCAB, pp62( PBl) - FKBP12, and
pmMITOR( FRB) - hKO1L were i ntroduced into HeLaS3 cells. The
phAG mCAB was pr epared by t he same net hod as t hat descri bed
in Exanple 2 using an artificially synthesized DNA ( SEQ
I DNO: 169) encodi ngaregionhavingthe am no aci dsequence
of SEQID NQO; 170. The pp62(PBl)-FKBP12 was as descri bed
in Exampl e 2. The pmMTOR( FRB) - hKO1 ( pmTOR( FRB
domai n) - hKO1) was as descri bed in Exanple 6.

Mor eover, the HeLaS3 cells were cultured by t he sane
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met hod as that described in Exanple 1. Further, in the
transfection, the HeLaS3 cells were seeded onto 2 wells
of an 8-well chamber (manufactured by Nunc A/S). On the
next day, by the same met hod as that descri bed i n Exampl e
1, 130 ng of each of the plasm d DNAs was i ntroduced i nto
the HeLaS3 cells using 1 ul of Transfection Reagent.

Then, 24 hoursthereafter, thetransfectedcellswere
observed by the same met hod as that descri bed i n Exanpl e
1. Tothecells, rapamycin or FK506 was added to t he fi nal
concentration of 500 nM and observed anot her 15 m nutes
thereafter. Fig. 49 shows the obtained result.

As apparent fromtheresult showninFig. 49, by addi ng
rapamycintothecell s expressi ng AG mCAB, p62( PB1) - FKBP12,
and mIfOR( FRB) - KO1, the i nteraction between mroOR( FRB) and
FKBP12 was observedintheformof fl uorescent foci emtting
a KOl-derived fluorescent signal. On the other hand, by
addi ng FK506, the interaction between nCAB and FKBP12 was
observed in the form of fluorescent foci emtting an
AG-derived fluorescent signal.

Thus, it was confirmed that the present invention
enabl ed detection of multiple types of protein-protein
interactions in a single cell, particularly, wvarious
protein-protein interactions dependent on different
stimuli in a single cell.

Mor eover, the present i nventi on can provi de a met hod

for detecting and di stinguishing multipletypes of signal
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transductions in a single cell by detecting various
protein-protein I nteractions I nvol ved in si gnal
transductions in a single cell

Furthernore, as described in this Exanple also,
unli ke FRET that is another method for detecting a
protein-protein interaction in living cells, it is not
necessary to select a fluorescent protein neeting the
condi ti ons of an acceptor and a donor; in addition, it is
not necessary to take into considerationcross excitation
by whi ch an acceptor fluorescent proteinis excited, and
bl eed-t hroughinwhichfluorescence of adonor fl uorescent
protein bleeds through a filter (absorption filter) set
for detecting fluorescence of an acceptor fluorescent
protein. Thus, inthe present i nventi on, combi nati ons of
various fluorescent proteins having di fferent wavel ength
characteristics can be easily selected and utilized.

(Exampl e 30)

<Detection 26 of Protein-Protein Interaction>

Whet her or not the nmethod of the present invention
enabl ed detection of known protein-protein interactions
shown in Tabl e 3 by usi ng p62( PB1) as t he
associ ati on-i nducing protein and an AG protein as the
fluorescent protein having a nultimerization ability was

tested by the method described in Exanple 2.
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[ Tabl e 3]

Protein-protein interaction

Cdk5 P25
Pl k Weel
calcineurin Ax VIVIT peptide
JNK JIP
CREB CBP
ERK2 MEK
MEK c Raf
R-catenin TCF

As aresult, althoughunillustrated, it was verified
that it was possible to detect the protein-protein
interactions in all the combinations in the form of
fluorescent foci. It was denonstrated that the present
i nventi on was a general |l y-adopt abl e met hod for detecting
a protein-protein interaction.

[ I ndustrial Applicability]

As has been descri bed above, the present invention
makes it possi bleto detect a protein-proteininteraction
in an intracellular environment unique thereto, and to
det ect positional information andtenmporal informationon
theprotein-proteininteraction. Moreover, inthepresent
i nvention, a strength of a protein-protein interaction
correlateswiththefluorescenceintensityof afluorescent
focus. Accordingly, the method is wutilizable 1in
identifying an amno acid residue involved in a
protein-proteininteraction, and also in screening for a

subst ance nodul ati ngaprotein-proteininteraction, onthe
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basis of the fluorescence intensity.

Thus, the method for detecting a protein-protein
interaction and so forth of the present invention and a
kit for useinthese nmethods are useful inthe devel opment
of pharmaceuti cal products and so on t hrough el uci dati ons
of various signal transductionsinvivo, various bi ol ogi cal
reaction controls, and the |li ke, and eventually through
el uci dati ons of disease nmechani sns.

[ Sequence Listing Free Text]
SEQ ID NOs: 1 and 2

<223> humani zed- codon Azam Green (AQG
SEQ ID NOs: 3 and 4

<223> PB1 domai n of p62
SEQ ID NOs: 5 and 6

<223> PB1 domai n of MEK5
SEQ ID NOs: 7 and 8

<223> PB1 domain of Nbr1l
SEQ ID NOs: 9 and 10

<223> PB1 domai n of PKCiota
SEQ I D NOs: 11 and 12

<223> PB1 domai n of TFG
SEQ I D NOs: 13 and 14

<223> SAM domai n of TEL
SEQ I D NOs: 15 and 16

<223> SAM domai n of EphB2

SEQ I D NOs: 17 and 18
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<223> SAM donmmi n of

SEQ I D NOs: 19 and

DGK delta

20

<223> SAM domai n of Tankyrase-1

SEQ I D NOs: 21 and

<223> FRB donmmi n of

SEQ I D NOs: 23 and
<223> FKBP12

SEQ I D NOs: 25 and
<223> p53

SEQ I D NOs: 27 and
<223> NDM2

SEQ I D NOs: 29 and
<223> Secb

SEQ I D NOs: 31 and
<223> Ral B

SEQ I D NOs: 33 and
<223> Ral B protein
SEQ I D NOs: 35 and
<223> Ral B protein
SEQ I D NOs: 37 and
<223> cal nodul in
SEQ I D NOs: 39 and
<223> ML3 peptide
SEQ I D NOs: 41 and
<223> HRas

SEQ I D NOs: 43 and

22

mlOR

24

26

28

30

32

34

Q72L mut ant

36

S28N mut ant

38

40

42

44
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<223> cRaf

SEQ I D NOs: 45 and 46

<223> Smac

SEQ I D NOs: 47 and 48

<223> Xl AP

SEQ I D NOs: 49 and 50

<223> Bcl X(L)

SEQ I D NOs: 51 and 52

<223> BAD

SEQ I D NOs: 53 and 54

<223> Racl

SEQ I D NOs: 55 and 56

<223> PBD

SEQ I D NO: 57

<223> artificially synthesized hAG forward primer
sequence

SEQ I D NO: 58

<223> artificially synthesized hAG reverse primer
sequence

SEQ I D NO: 59

<223> artificially synthesi zed p62(PB1) forward pri mer
sequence

SEQ I D NO: 60

<223> artificially synthesi zed p62(PB1l) reverse pri mer
sequence

SEQ I D NO: 61
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<223> artificially
sequence

SEQ I D NO: 62
<223> artificially
sequence

SEQ I D NO: 63
<223> artificially
sequence

SEQ I D NO: 64
<223> artificially
sequence

SEQ I D NO: 65
<223> artificially
sequence

SEQ I D NO: 66
<223> artificially
sequence

SEQ I D NO: 67
<223> artificially
sequence

SEQ I D NO: 68
<223> artificially
sequence

SEQ I D NO: 69

<223> artificially synthesized FKBP12

sequence

synt hesi zed hAG forward primer

synthesi zed hAG reverse primer

synt hesi zed p62( PB1)

synt hesi zed p62( PB1)

synt hesi zed p62( PB1)

synt hesi zed p62( PB1)

forward primer 2

reverse primer 2

forward primer 3

reverse primer 3

synt hesi zed mlTOR( FRB) forward pri mer

synt hesi zed nTOR( FRB) reverse primer
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SEQ I D NGO 70

<223> artificially synthesized FKBPl12 reverse prinmer
sequence

SEQ ID NO: 71

<223> artificially synthesized MEK(PBl) forward primer
sequence

SEQ I D NO: 72

<223> artificially synthesized MEK(PBl) reverse prinmer
sequence

SEQ I D NO: 73

<223> artificially synthesi zed Nbr1(PBl) forward pri mer
sequence

SEQ I D NO: 74

<223> artificially synthesized Nbrl1(PBl) reverse primer
sequence

SEQ I D NO: 75

<223> artificially synthesized PKCiota(PBl) forward
pri mer sequence

SEQ I D NO: 76

<223> artificially synthesized PKCiota(PBl) reverse
pri mer sequence

SEQ ID NO: 77

<223> artificially synthesized TFG PBl) forward primer
sequence

SEQ I D NO: 78

<223> artificially synthesized TFG PBl) reverse primer
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sequence

SEQ I D NO: 79

<223> artificially synthesized TEL(SAM forward pri mer
sequence

SEQ I D NO: 80

<223> artificially synthesized TEL(SAM reverse prinmer
sequence

SEQ I D NO: 81

<223> artificially synthesi zed EphB2( SAM forward pri mer
sequence

SEQ I D NO: 82

<223> artificially synthesi zed EphB2( SAM reverse primer
sequence

SEQ I D NO: 83

<223> artificially synthesized DGK delta(SAM forward
pri mer sequence

SEQ I D NO: 84

<223> artificially synthesized DGK delta(SAM reverse
pri mer sequence

SEQ I D NO: 85

<223> artificially synthesized Tankyrase(SAM forward
pri mer sequence

SEQ I D NO: 86

<223> artificially synthesized Tankyrase(SAM reverse
pri mer sequence

SEQ I D NO: 87
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<223> artificially synthesi zed TFG(PB1) forward

sequence

SEQ I D NO: 88

<223> artificially synthesi zed TFG(PB1) reverse

sequence

SEQ I D NO: 89

<223> artificially synthesi zed TEL(SAM forward

sequence

SEQ I D NO: 90

<223> artificially synthesi zed TEL( SAM) reverse

sequence
SEQ I D NO: 91

<223> artificially synthesized
primer 2 sequence

SEQ I D NO: 92

<223> artificially synthesized
pri mer 2 sequence

SEQ I D NO: 93

<223> artificially synthesized
primer 2 sequence

SEQ I D NO: 94

<223> artificially synthesized
pri mer 2 sequence

SEQ I D NO: 95

<223> artificially synthesized

sequence
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DGK del t a( SAM)

DGK del t a( SAM)

Tankyr ase( SAM

Tankyr ase( SAM

primer 2

primer 2

primer 2

primer 2

f orward

reverse

f orward

reverse

hKO1 forward prinmer
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SEQ I D NO: 96
<223> artifici
sequence

SEQ I D NO: 97

ally

synt hesi

zed

hKO1

reverse

pri

mer

<223>artificiallysynthesizedp53forwardprimer sequence

SEQ I D NO: 98

<223>artificiallysynthesizedp53reverseprinmer sequence

SEQ I D NO: 99
<223> artifici
sequence

SEQ I D NO: 100
<223> artifici
sequence

SEQ I D NO: 101
<223> artifici
sequence

SEQ I D NO: 102
<223> artifici
sequence

SEQ I D NO: 103
<223> artifici
sequence

SEQ I D NO: 104
<223> artifici
sequence

SEQ I D NO: 105

ally
ally
ally
ally
ally
ally

synt hesi

synt hesi

synt hesi

synt hesi

synt hesi

synt hesi
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zed

zed

zed

zed

zed

zed

VDMR

Sech5

Sech5

Ral B

Ral B

f orward

reverse

f orward

reverse

f orward

reverse

pri

pri

pri

pri

pri

pri

mer

mer

mer

mer

mer

mer
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<223>artificiallysynthesized Ral B(Q72L) nut ati on pri

sequence

SEQ I D NO: 106

<223>artificiallysynthesized Ral B(S28N) nut ati on pri

sequence

SEQ I D NO: 107

<223> artificially synthesized cal nodulin forward pri

sequence

SEQ I D NO: 108

<223> artificially synthesized cal nodulin reverse pri

sequence

SEQ I D NO: 109

<223>artificially synthesized ML3 peptide forward pri

sequence

SEQ I D NO: 110

<223> artificially synthesized ML3 pepti de reverse pr

sequence
SEQ I D NO: 111
<223> artificially
sequence

SEQ I D NO: 112
<223> artificially
sequence

SEQ I D NO: 113
<223> artificially

sequence

synt hesi zed AGNLS

synt hesi zed AGNLS

synt hesi zed HRas
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SEQ I D NO: 114
<223> artificially
sequence

SEQ I D NO: 115
<223> artificially
sequence

SEQ I D NO: 116
<223> artificially
sequence

SEQ I D NO: 117

synt hesi zed

synt hesi zed

synt hesi zed

HRas

KRas

KRas

reverse

f orward

reverse

pri mer

pri mer

pri mer

<223>artificiallysynthesi zed HRas nut ant pri mer sequence

SEQ I D NO: 118
<223> artificially
sequence

SEQ I D NO: 119
<223> artificially
sequence

SEQ I D NO: 120
<223> artificially
sequence

SEQ I D NO: 121
<223> artificially
sequence

SEQ I D NO: 122
<223> artificially

sequence

synt hesi zed

synt hesi zed

synt hesi zed

synt hesi zed

synt hesi zed
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c Raf

c Raf

Smac

XI AP

Xl AP

f orward

reverse

f orward

forward

reverse

pri mer

pri mer

pri mer

pri mer

pri mer
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SEQ I D NO: 123

<223> artificially synthesized Bcl X(L) forward primer
sequence

SEQ I D NO: 124

<223> artificially synthesized Bcl X(L) reverse primer
sequence

SEQ I D NO: 125

<223> artificially synthesized BAD forward primer 1
sequence

SEQ I D NO: 126

<223> artificially synthesized BAD forward primer 2
sequence

SEQ I D NO: 127
<223>artificiallysynthesized BADreversepri mer sequence
SEQ I D NO: 128

<223> artificially synthesized Racl forward primer
sequence

SEQ I D NO: 129

<223> artificially synthesized Racl reverse primer
sequence

SEQ I D NO: 130
<223>artificiallysynthesized PBDf orwardpri mer sequence
SEQ I D NO: 131
<223>artificiallysynthesized PBDreversepri mer sequence
SEQ I D NO: 132

<223> base sequence of monomeric KO (Kusabira-Orange)
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SEQ I D NO: 133

<223>am noaci dsequence of nononeri ¢ KO( Kusabi ra- Orange)
SEQ I D NOs: 134 and 135

<223> humani zed- codon mMAGL

SEQ I D NOs: 136 and 137

<223> mM Cy1l

SEQ I D NOs: 138 and 139

<223> nKi kGR1

SEQ I D NOs: 140 and 141

<223> KCy1

SEQ I D NOs: 142 and 143

<223> dAG (AB)

SEQ I D NOs: 144 and 145

<223> dAG (AC)

SEQ I D NOs: 146 and 147

<223> TGuv

SEQ I D NOs: 148 and 149

<223> Momij i

SEQ I D NOs: 150 and 151

<223> COR3. 01

SEQ I D NOs: 152 and 153

<223> DsRed2

SEQ I D NOs: 154, 159, and 160

<223> artificially synthesized primer sequences
SEQ I D NOs: 155, 157, 161, 163, 165, 167, and 169

<223> artificially synthesized pol ynucl eoti de sequences
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SEQ I D NOs: 156, 158, 162, 164, 166, 168, and 170
<223> artificially synthesized pol ypepti de sequences
SEQ I D NOs: 171 and 172

<223> COR5
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[CLAIMS]
[Claim 1]

A method for detecting an interaction between a first
protein and a second protein, the method comprising the
steps of:

expressinginacell a first fusionproteincomprising
the first protein and an association-inducing protein, and
a second fusion protein comprising the second protein and
a fluorescent protein capable of forming a homomultimer;

detecting a fluorescent focus formed by an
associationbetween the first fusionprotein and the second
fusion protein in the cell; and

determining an interaction between the first protein
and the second protein according to the detection of the
fluorescent focus,

wherein the association~inducing protein is at least
one protein selected from the group consisting of a PB1
domain of p62, a PB1 domain of TFG, a PB1 domain of PKCiota,
a SAM domain of TEL, a SAM domain of DGK delta, and a SAM
domain of Tankyrase-1.

[Claim 2]

The method according to c¢claim 1, wherein the
fluorescent focus is detected to detect the interaction
takingplaceor ending, aperioduntil the interaction takes
place or ends, or a duration of the interaction.

[Claim 3]
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The method according to claim 1, wherein the
fluorescent focus is detected to detect the interaction
takingplaceor ending inresponse toaparticular stimulus,
a period until the interaction takes place or ends, or a
duration of the interaction.

[Claim 4]

The method according to any one of claims 1 to 3 for
screening for a protein interacting with a particular
protein, wherein

one of the first protein and the second protein is
the particular protein, while the other is a test protein,
and

a protein interacting with the particular protein
is selected according to the detection of the fluorescent
focus.

[Claim 5]

The method according to any one of claims 1 to 3 for
identifying any one of an amino acid residue in the first
protein and an amino acid residue in the second protein,
which are involved in the interaction, wherein

in a case where a protein in which a mutation 1is
introduced is used as any one of the first protein and the
second protein, if an intensity of the fluorescent focus
is reduced in comparison with a case of using a protein
in which no mutation is introduced, the amino acid residue

in which the mutation is introduced is determined to be
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involved in the interaction.
[Claim 6]

A method for screening for a substance modulating
an interactionbetweena first proteinanda secondprotein,
the method comprising the steps of:

expressinginacellafirst fusionproteincomprising
the first protein and an association~inducing protein, and
a second fusion protein comprising the second protein and
a fluorescent protein capable of forming a homomultimer,
in presence of a test compound;

detecting a fluorescent focus formed by an
association between the first fusionprotein and the second
fusion protein in the cell; and

selecting the test compound as a substance inducing
the 1interaction 1if a fluorescence intensity of the
fluorescent focus is higher than a fluorescence intensity
of a fluorescent focus formed in absence of the test compound,
or selecting the test compound as a substance suppressing
the interaction if the fluorescence intensity of the
fluorescent focus is lower than the fluorescence intensity
of the fluorescent focus formed in the absence of the test
compound,

wherein the association~inducing protein is at least
one protein selected from the group consisting of a PBI1
domain of p62, a PB1 domain of TFG, a PB1 domain of PKCiota,

a SAM domain of TEL, a SAM domain of DGK delta, and a SAM
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domain of Tankyrase-1.
[Claim 7]

A method for screening for an association-inducing
protein, the method comprising the steps of:

(a) expressing in a cell a fusion protein comprising
a test protein and mAG1l;

(b) expressing in a cell a fusion protein comprising
the test protein and a fluorescent protein capable of
forming a homomultimer; and

(c) selecting the test protein as an
association~inducing protein if a fluorescent focus is not
detected in step (a) but a fluorescent focus is detected
in step (b).

[Claim 8]

The method according to any one of claims 1 to 7,
wherein the fluorescent protein capable of forming a
homomultimer is at least one fluorescent protein selected
from the group consisting of Azami~Green, Kusabira-Orange
1, dimeric Keima-Red, Kikume Green~Red, Midoriishi-Cyanl,
Kusabira-Cyanl, dimeric Azami-Green (AB), dimeric
Azami-Green (AC), TGuv, Momiji, COR3.01, COR5, and DsRed2.
[Claim 9]

A kit for use in the method according to any one of
claims 1 to 8, the kit comprising an instruction and at
least one substance selected from the group consisting of

the following (a) to (3):
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(a) a vector comprising a DNA encoding the
association-inducing protein and a cloning site allowing
an insertion of a DNA encoding a certain protein in such
a manner that the certain protein 1is fused to the
association-inducing protein when expressed;

(b) avector comprisinga DNAencoding the fluorescent
protein capable of forming a homomultimer and a cloning
site allowing an insertion of a DNA encoding a certain
protein in such a manner that the certain protein is fused
to the fluorescent protein when expressed;

(c) a vector comprising a DNA encoding mAGl and a
cloning site allowing an insertion of a DNA encoding a
certain protein in such a manner that the certain protein
is fused to the fluorescent protein when expressed;

(d) a vector encoding the first fusion protein;

(e) a vector encoding the second fusion protein;

(f) a vector set comprising the vector according to
any one of (a) and (d) and the vector according to any one
of (b) and (e);

(g) a vector set comprising the vector according to
(b) and the vector according to (c);

(h) a transformed cell comprising a vector encoding
the first fusion protein;

(i) a transformed cell comprising a vector encoding
the second fusion protein; and

(j7) a transformed cell comprising a vector encoding
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the first fusion protein and a vector encoding the second
fusion protein,

wherein the association-inducing protein is at least
one protein selected from the group consisting of a PBl
domain of p62, a PB1 domain of TFG, a PB1 domain of PKCiota,
a SAM domain of TEL, a SAM domain of DGK delta, and a SAM

domain of Tankyrase-1.
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