1 SPECIFICATION Inhibitors of Interaction, Detection Method for

Inhibitors of Interaction, and Detection Kit for Inhibitors of Interaction

[FIELD OF THE INVENTION] [0001] The present invention relates to

inhibitors of protein-protein interaction, atdetection method for inhibitors

of the interaction, and a detection kit for inhibitors of the interaction in the
signaling pathway related to the regulation of T cell activity. [Background

of Invention] [0002] PKC (proteirskinase C)Aamdi are serine/threonine

kinases activated by specific binding to various lipid messengers such as
calcium ion, phospholipids, fatty acids, phorbol ester and diacylglycerol
ahdradibte growth ande prolifération of telis. RKCNamilpdre dividedhinto. tors

thyee rfamilies.baged on the Séf{%s%%gf regulatary %%%@itors of

"Conventional" or “Classical”, “"Novel", and "Atypical
céﬁ@é’rﬁ%?ﬂ/@!assmal family includes three types: alpha, beta and
gamma. The novel family includes four types: delta, epsilon, eta and
theta. The atypical family includes two types: zeta and iota. [0003] PKC
tHétadH EmMBRE of BRE &N/ and belongs to a novel calcium

iquostependgat iypesne of kpewp; Binctigns of PG theta is,agtivation £

of T cells. Other PKCs are also expressed in T cells, but it is considered
protein-protein interaction, a detection method for

inhibitors of the interaction, and a detection kit for
inhibitors of the interaction in the signaling pathway

related to the regulation of T cell activity.

[Background of Invention]

[0002] PKC (protein kinase C) family are serine/threonine
kinases activated by specific binding to various lipid
messengers such as calcium ion, phospholipids, fatty acids,
phorbol ester and diacylglycerol and regulate growth and
proliferation of cells. PKC family are divided into three
families based on the difference of regulatory domain,
"Conventional” or "Classical", "Novel", and "Atypical".
The conventional/classical family includes three types:
alpha, beta and gamma. The novel family includes four
types: delta, epsilon, eta and theta. The atypical family

includes two types: zeta and iota.

[0003] PKC theta is a member of PKC family and belongs to
a novel calcium ion-independent type. One of known
functions of PKC theta 1s activation of T cells. Other
PKCs are also expressed in T cells, but it is considered

that only PKC theta among PKCs contributes to T cells.

[0004] T cell which recognized antigen produces



that only PKC theta among PKCs contributes to T cells. [0004] T cell
which recognized antigen produces 2 proliferation factor IL-2 (interleukin
2), and expresses IL-2 receptor, and proliferates in an IL-2-dependent
manner. In PKC theta-knockout mouse, above T cell activation in
response to external stimuli does not octur, and IL-2 production
decreases (for example, Non-patent Literature 1). In IL-2 gene-knockout
mouse is known to develop inflammatory bowel disease and hemolytic

nemiadfor-examples Nep-patent Literature 2).40A05] If isalg0 &peWhs se s
that transcription factors such as NF-kappa B play an important role in

TBgalatich of transciptioR %%Bi\}iﬁ%ﬁl‘i‘?fp géﬁe.a[’@oéé]“ﬁ\rd?ﬁﬁﬁféﬂ?m manner.

lteratore A ChrstepbeWE Avalsal,, (2002)xCurreatiQpiigniiation in
Immunology 14:323-330 [Non-patent Literature 2] Horak I., (19 Sﬁgi ical
TTRGCI0y and THARHODATOIdy SeRETBEPI2) ST T8amAtaTs of
rthednvention] {0006a} brea fitsicaspectibare,isprovided arnethote ferture 1) .
Idnetgitj_r@ an ;ngiq(it{%)r g{(i)n{}%rac(t)igg be}we(?(rzl1 PKC 1Ehetél andlKPNAl, said
method co?np‘rlsing fhe step of exaeminlsng whéther the' intéraction

ibefwernfKC thétaentl KPNA Decarsiintthepiesence0fRKE thetay
P Ai an%ocandid(gteé:omipcoundg unde51 he conditions allowing

ﬁ%taélr\#gcti%’n bet\l}végﬁ el? thetaeaxh% IzﬁﬁA fo detect a candidate

compound showing inhibition of the interaction
[0005] It is also known that transcription factors such as
NF-kappa B play an ilmportant rcle in regulation of

franscription activity of IL-2Z gene.

[00086] [Non-patent Literature 1] Christopher W. A. et
al., {(2002) Current Opinicn in Immunclogy 14:323-330
[Non-patent Literature 2] Horak I., (19295) Clinical
Immunology and Immunopathology Sep; 76(3 Pt 2): 51723

[Summary of the Invention]

[0006a] In a first aspect, there isg provided a method.
for detecting an inhibitor of interaction bestween PKC
theta and KPNAl, said method comprising the step of
examining whether the interaction between PXC theta and
KPNAl occurs in the presence of PKC theta, KPNAL, and
candidate compounds under the conditions allowing
interaction between PRC theta and KPNAl, to detect a
candidate compound showing inhibition of the interaction

as the inhibkitor.

[0006b] In a second aspect, there is provided a method
for detecting an inhibitor of interaction between KPHNAL
and NF-kappa B, said method comprising the step of

examining whether the interaction between KPNA]l theta and



as the inhibitor. [0006b] In a second aspect, there is provided a method

for detecting an inhibitor of interaction between KPNA1 and NF-kappa B,
said method comprising the step of examining whether the interaction
between KPNAL theta and 2a NF-kappa B occurred in the presence of
KPNAL1, NF-kappa B in in vivo binding assay, and candidate compounds
under the conditions allowing interaction between KPNAI and NF- kappa
B, to detect a candidate compound showing inhibition of the interaction as
e kibitorB[0DOBEl FEslthird &SFeckthernissprodidéa & Hetétliokadtfor B

a0 inhibifor,of interaction hetween BKG &ﬁ&awge&P%&Fa@%@ under
comprising PKC theta supplying sample and KPNAI supplying sample.
TH606HNR-BTOGRE aBpeet #iste s broAddd andSREHET Rit FrHEN-indilsitdf -

1of jnteraction between KBNAL aRd MNF-kappa, Bin-p vivehinding assay,
said kit comprising KPNAI supplying sample and NF-kappa Bin in vivo
WindiAg assay gépgq%gl%%‘ﬁé?mem &ifth BRpeé et fiidre is
provided a method for developing a medicine characterized by targeting
[oe dateractiambetweaen-BK Esthetacand KENAIfer grugy tiseavary. [0006f]

n a sixth aspect, there is provided a method for developing a. medicine
oy it TR o DetBa KA P RE R <
Bitia \avalbiRENRl, said kit comprising PKC theta supplying

sample and KPNAL supplying sample.

[C006d] In a fourth aspect, there is provided a
detection kit for an inhibitor of interaction between
KPNAl and NF-kappa B in in vivo binding assay, said kit
comprising KPNALl supplying sample and NF-kappa B in in

vivo binding assay supplying sample.

[0006e] In a fifth aspect, there is provided a method
for developing a medicine characterized by targeting the
interaction between PKC theta and KPNAl for drug

discovery.

[0006Ef] In a sixth aspect, there is provided a method for
developing a medicine characterized by targeting the
interaction between KPNALl and NE-kappa B in in vivo binding

assay for drug discovery.

[Disclosure of the Inventicn]

[Problems to be Resolved by the Invention]

[0007] T cell and IL-2 play a very important role in
body's physiological function, especially in immune system.
But specific signaling pathways related to the regulation
of T cell activity and production of IL-2 are not still

well understood. These signaling pathways related to the



assay for drug discovery. [Disclosure of the Invention] [Problems to be
Resolved by the Invention] [0007] T cell and IL-2 play a very important
role in body's physiological function, especially in immune system. But
specific signaling pathways related to the regulation of T cell activity and
production of IL-2 are not still well understood. These signaling pathways
related to the 2b regulation of T cell activity and production of IL-2 is
predicted to be wide-ranged and complex. Although identifying the
ignaling .pathway requites the knowledge af which substance.bei :

%%@egf éﬁlvh?c sfie%t,éi’%?s r%?ttégslf vgéljrr11 %e%ﬁﬁﬁ%g%& gﬁaﬁ%es?ﬁgglv%a
i e sigpalig pathways, bevagise the thanysubstancesmayp beh
dBwalvad s te plopalng hatheysisialed (o e eoblali oDl L1 cage o

activity, and these substances may function in very small 3 amount or
“heiF Btabily M- Be I [0008[VOA YhE oftfertahel eRieftatiohtof e not

signaling. pathways:related to Trcell or dk-2 willsignjficantly E%_tfiQ%@qtgling
the prevention or treatment of diseases related to the abnormality of

RRS G V52, ARARG BT develtpiert ol FERVARUNGY. ERicidation Githe

signalingrpathway s wilhieaddo the exploitation pEnew drugidiseovery T ceil
target. If the new combined interaction between proteins involved in the
asﬁ%a\ﬂhbypatﬁ%gygﬁas[ﬁesubstances may functlion in very small



drugs inhibiting the newly discovered protein interaction were discovered,
the drugs can regulate the interaction. That means the drugs can be used
in the prevention or treatment of the diseases related to the signaling
pathways. Thus, discovery of the new cgmbination of protein interaction

in the signaling pathway provides the novel drug discovery target,
prompting the development of new drugs with different mechanism of
astiermfranvthetexistings 0a8$ 1[0009%hEhe peeseni; invention was done in
view of above- mentioned situation, and an object of the present invention
is to provide inhibitors of protein-protein interaction related to the
rddfléttdn obT cellactivibhear proddctiei wof 1021 detection frethedsferl ing

inhibitors of the Jnteraction and detection kits rinr}[i itors ofllt%.le
irﬁgra%ﬁ%rz.s [ éeér%ggta%écleir?; tﬁg‘?P‘E;OBI%m%[ 10 I vigW? of- Jecantly
peshilémsimérticredtaisove; ¢hverprésentdanventerststadie dfactois adichs

iC e o-T cells or |1--2, rching factors
\gfégcéi)g%% ﬁ%}%}%&ﬁﬁ%ﬁ&gf ﬁFc-)l?ap%a%gi?ﬁicﬁ%ré?hegi’mg& ant 4 the
faaysslinniesigraling pathways ditregalatiol of Tickllt activityforche

Padelion 12 Medhe raaulh the Rreseqt dnvenige Dupd Al ine Beye,,
combined interaction associated with PKC theta and NF-kappa B, and
pereetetthePresenttavention baseddn SueH finaiMybnTae Présamction

IBENIOBn proteins involved in the signaling pathway and the
drugs inhibiting the newly discovered protein interaction
were discovered, the drugs can regulate the interaction.
That means the drugs can be used in the prevention or
treatment of the diseases related to the signaling pathways.
Thus, discovery of the new combination of protein
interaction in the signaling pathway provides the novel
drug discovery target, prompting the development of new
drugs with different mechanism of action from the existing

ones.

[0009] The present invention was done in view of above-
mentioned situation, and an object of the present invention
is to provide inhibitors of protein-protein interaction
related to the regulation of T cell.activity or production
of IL-2, detection methods for inhibitors of the
interaction and detection kits for inhibitors of the

interaction.

[Means of Solving the Problems]

[0010] 1In view of the problems mentioned above, the
present inventors studied factors which were predicted to
be related to T cells or IL-2, searching factors associated

with PKC theta and/or NF-kappa B, which are the important



provides the following inhibitors of interaction, detection methods for
inhibitors of the interaction, detection kits for inhibitors of the interaction

and drug discovery targets. [0011] [1] An inhibitor of protein-protein
interaction inhibiting interaction betweendPKC theta and KPNAL. [2] An
inhibitor of protein-protein interaction inhibiting interaction between KPNAI
and NF-kappa B. [3] An inhibitor of interaction between PKC theta and
KEINAD r saitrinhibitos beng lobtained Yywexaminiignebethertthen of T cell

[ ' etwe C.theta a NA1 ocgurs,in the presence of
;%(%@ﬁeg[g}b Ké\Q{N Ega)n %g%é%ageg c%f%p%ﬂndég ﬁnagF th%@cso%fd?ti’or?%ge present
allpwrigtinteraétom dewaentPrCrihwtacamd KRNALnard selettimg associated

candidateomponad shawina iahigiion of fhesniereetion J4l The NiLaL, .
as set forth in [3], wherein said P thefa is a kinase having a constant

phBEERSARIoPE ABViISN [5Yehinfibidt B mteralion bERFEIHKPNAENtion
apedVikappanB, saidinhibiter heing obtained by examining whetherdleection

interaction between KPNA1 and NF-kappa B occurs in the presence of
KENR PN F IR phl s, idhd- Cditliddte et patirsa Gtdemthe doRaftibhen kits

aflowinginteractien betweaneKPNAdrand 5 o FkappaRiang selgcting a
candidate compound showing inhibition of the interaction. [6] A method
f&a&&%?fﬁng an inhibitor of interaction

foo11] [1] An inhibitor of protein-protein interaction

inhibiting interaction between PKC theta and KPNAL.

[2] An inhibitor of protein-protein interaction inhibiting

interaction between KPNAl and NF-kappa B.

{3] An inhibitor of interaction between PKC theta and KPNAL,
said inhibitor being obtained by examining whether the
interaction between PKC theta and KPNAl occurs in the
presence of PKC theta, KPNAl, and candidate compounds under
the conditions allowing interaction between PKC theta and
KPNALl, and selecting a candidate compound showing

inhibition of the interaction.

[4] The inhibitor as set forth in [3], wherein said PKC
theta is a kinase having a constant phosphorylation

activity.

[5] An inhibitor of interaction between KPNAl and NF-kappa
B, said inhibitor being obtained by examining whether the
interaction between KPNAl and NF-kappa B occurs in the
presence of KPNAl, NF-kappa B, and candidate compounds

under the conditions allowing interaction between XPNAl and



between PKC theta and KPNAL, said method comprising the step of
examining whether the interaction between PKC theta and KPNAI occurs
in the presence of PKC theta, KPNA1, and candidate compounds under
the conditions allowing interaction between PKC theta and KPNA1, to
detect a candidate compound showing inhibition of the interaction as the
inhibitor. [7] The inhibitor as set forth in [6], wherein said PKC theta is a

km@S@géﬁémﬁ_caa%ta@g@%%spmwat'%rﬁﬁ'a%é%%rs%%h@ﬂg QU owing
detecting an inhibitor of interaction” between KPNA1 and NF-kappa B,
saldThBthbH b RSridiAG tHe* st 6t dRdmining whether the interaction

between KPNA1 theta and NF-kappa B occurred in the presence of

K gJ/AI NF- kappa B, and candidate compounds under the conditions

all§hing iIRRFAGbTBEWERhIGPNAT A NEKEPHEE, 18 délEeraction
cardidatencarmpounds: shewingrrihitionof the rateractiatapthesing the
inhjbitor. %] A detectjon kit for an inhibitor of interaction between PKC

thse{fg%na KRAT - 841 it Coripiiding PR C hetd SipbRinF §5pRiafdC theta
KENA K Boipplyimgesamplen[10h & he detection kittfforro inhibitar,axseth1l, and

forth in. wherein said PKC theta lying sample is a vector

CS%%#%.L% %%ly%%%%%%ﬁg Todin gelng%lffé)e\éa? %ﬁﬁ%ﬁ)&l RP?\FA(EP%%meg

samipte iscd Yectob ebmdming Kolyhbeleatided kdding KRNAtHetect a
candidate compound showing inhibition of the interaction as

the i1nhibitor.

(7] The inhibitor as set forth in [6], wherein said PKC
theta is a kinase having a constant phosphorylation

activity.

[8] A method for detecting an inhibitor of interaction
between KPNAl and NF-kappa B, said method comprising the
step of examining whether the interaction between KPNAL
theta and NF-kappa B occurred in the presence of KPNAl, NF-
kappa B, and candidate compounds under the conditions
allowing interaction between KPNAl and NF-kappa B, to
detect candidate compounds showing inhibiticn of the

interaction as the inhibitor.

[9] A detection kit for an inhibitor of interaction between
PEC theta and PKNAl, said kit comprising PKC theta

supplying sample and KPNAL supplying sample.

[10] The detection kit for an inhibitor as set forth in (91,
wherein said PKC theta supplying sample is a vector
containing polynucleotide coding PKC theta, and said KPNAL

supplying sample is a vector containing polynucleotide



[11] The kit as set forth in [9] or [10], wherein said PKC theta is a kinase

having a constant phosphorylation activity. [12] A detection kit for an

inhibitor of interaction between KPNA1 and NF-kappa B, said kit

comprising KPNA1 supplying sample anél NF-kappa B supplying sample.

[13] The detection kit for an inhibitor as set forth in [12], wherein said

KPNA1 supplying sample is a vector containing polynucleotide coding

KPNRi andREd NF-kappa B supplying sample is a vector containing
polynucleotide coding NF-kappa B. [14] A method for developing a

medicine characterized by targeting the interaction between PKC theta

and kKPNASor ‘drug disobveip T15] A metfdd for developindammeédicimeid PKC

ct&@r@g&er'@@d@w@fgggnm@q}ﬁ@e@%%@w@@rgﬁ%_ and NE-kappa
B for drug discovery. [Effect of the Invention] [0012] With the present
irffehtid, ihibitors of interaction involving PKC theta and NE-kappa B,
detection methods of the interaction, and detection kits will be provided.

ThEe resent invention also provides drug discovery targets. Since PKC
t i%o bnt NEREFP Bark: impBHafiiTatiohd i dighaliiy Blsicg tion
infetmation Rech lasfegulationgiphcel| agtivity andipredrgtianobik-Zpna

the Brefent invention will contribute to biotechnolo%y 7
supplying sample and NF-kappa B supplying sample.

[13] The detection kit for an inhibitor as set forth in
[12}, wherein said KPNAL supplying sample is a vector
containing polynucleotide coding KPNAl, and said NF-~kappa B
supplying sample is a vector containing polynucleotide

coding NF-kappa B.

[14] A method for developing a medicine characterized by
targeting the interaction between PKC theta and KPNAl for

drug discovery.

[15] A methed for developing a medicine characterized by
targeting the interaction between KPNAl and NE-kappa B for

drug discovery.

[Effect of the Invention]

[0012] With the present invention, inhibitors of
interaction involving PKC theta and NE-kappa B, detection
methods of the interaction, and detection kits will be
provided. The present invention also provides drug
discovery targets. Since PKC theta and NrF-kappa B are
important factors in signaling biological information Such
as regulation of T cell activity and production of IL-2,

the present invention will contribute to biotechnology



industries including pharmaceutical industry. [Brief Description of
Drawings] [0013] Figure 1 shows that PKC theta binding with KPNAI in
cells. Figure 2 shows that KPNAI was phosphorylated by PKC theta.
Figure 3 shows that KPNAI binds with NF-kappaB constitutive protein p50
and p65 in cells. Figure 4 is a schematic view of the part of the left side
electrophoresis image of Figure 1. Figure 5 is a schematic view of the part

of Aoe: £leGieophoresis image of Fige &, Figure 6:ig @ schematic view of
the part of the left side electrophoresis image of lanes 1 and 2 in Figure 3.
Figure 7 shows the experimental results in Example 4. [The Best Mode to

Pertorarthed svention] 40014 Theapresgat invention will be further

illystrated .the following exemplification. As well, the descriptions in ,
vgir)ié)ﬁéixp AARREman %?swfuc 5 MbfeciiaP Eforingida g with KPNAL in
LABQRATORY MANUAL, 3rd edition, Cold Spring Harbor Laboratory

Press, Cold Spring Harbor, York (20Q1) are referred when
p%%%}r%?nggbi%% %ic%%% nganezﬁ%: e“rrwaglné:érf%@p 85%’&&560%%3 p]rjé(scetheta'
iBvention. 300154 tikikitatBNA intedaciisnWhetinNibitapphthie presenti tutive

inv ngié)p IS bst%pce %nhibitin i)iotein-protein interaction related to the
r r1Tl b . .
r%gulatlon 0 ce?lnactr?/lty ojr'%rc():(%uctlgn of IL-2, and includes two
embudifmehts that asshanaliibitovdfew of the part of the left side

electrophoresis image of Figure 1.

Figure 5 is a schematic view of the part of the
electrophoresis image of Figure 2.

Figure 6 is a schematic view of the part of the left side
electrophoresis image of lanes 1 and 2 in Figure 3.

Figure 7 shows the experimental results in Example 4.

[The Best Mcde to Perform the Invention]

[0014] The present invention will be further illustrated
by the following exemplification. As well, the
descriptions in various experiment manuals such as
Molecular Cloning: A LABORATORY MANUAL, 3rd edition, Cold
Spring Harbor Laboratory Presé, Cold Spring Harbor, New
York (2001) are referred when performing biochemical or

genetic engineering procedure of the present invention.

[O015] {1} Inhibitors of interaction

The inhibitor of the present invention is a substance
inhibiting protein~protein interaction related to the
regulation of T cell activity or production of IL-2, and
includes two embodiments that are an inhibitor of
interaction between PKC theta and KPNAl and an inhibitor of

interaction between KPNAl and NF kappa B.



interaction between PKC theta and KPNA1 and an inhibitor of interaction
between KPNAL and NF kappa B. 8 [0016] (1-1) Inhibitors of interaction
between PKC theta and KPNA1 One embodiment of the present
invention is an inhibitor which inhibits intgraction between PKC theta and
KPNAL. [0017] PKC theta effects on T cell activation and is essential for
IL-2 production. It is also required induction of IL-2 gene transcription by

trapegmgtion( factersistictias: Niskappai B fardh & prdustion.ddaweyer, dheta
had been unclear by which signaling pathway PKC theta induces
tr%]ﬁgcﬁﬁ%%of IL-2 gene by transcription factors such as NF-kappa B.
Attheughiiida knewn that activapenseiNF-kappa Bias atmnseripion hitor
facﬁor E reglgll ted by ,migration of its jntracellular localization to the

Us, the'p yre

nucleus, thway Felaea G5 thE nBEIEEF FEndi6Catidtalas ARskrowH: -

Meanwhile, KPNAL recognizes protein functioning in the nucleus such as

tr iptio tars, and helps to _transport s pro e.insgom the . .
o 6 B et ST e ekt vertort Chntried 17l PRE 1o
testasandikPNAdr intératt ihatiRKCitheta phidgspheryates stbstrated

P that KPNA1 and NF-kappa B interact. These findings . .
RRL G RN d e Ok e = cl
b inctheSigialing pithwayhon® FRE thétadoNFRappd Bractivatioever,

[9018].Thus. sHbsippses, PhiRiting, interaction between PKC - pxc theta

induces transcription of IL-2 gene by transcription factors
such as NF-kappa B. Although it is known that activation
of NF-kappa B as a transcription factor is regulated by
migration of 1ts intracellular localization toc the nucleus,
the pathway related to the nuclear translocation was
unknown. Meanwhile, KPNAl recognizes protein functioning
in the nucleus such as transcription factors, and helps to
transport such proteins from the cytoplasm to the nucleus.
The present inventors confirmed that PKC theta and KPNAL
interact, that PKC theta phosphorylates substrate KPNAL,
and that KPNAl and NF-kappa B interact. These findings
revealed that KPNAl which is responsible for nuclear
translocation plays a role in the signhaling pathway from

PKC theta to NF-kappa B activation.

[0018] Thus, substances inhibiting interaction between PKC
theta and KPNAl are likely to regulate T cell activation
and IL-2 production. 1In other words, substances inhibiting
interaction between PKC theta and KPNAl will be stroﬁg drug
candidates for prevention and/or treatment of diseases
reiated to the regulation of T cell activation or
production of IL-2. Since there had been no findings

suggesting that PKC theta and KPNAl are related directly in



theta and KPNAL are likely to regulate T cell activation and IL-2
production. In other words, substances inhibiting interaction between
PKC theta and KPNAI will be strong drug candidates for prevention
and/or treatment of diseases related to the regulation of T cell activation
or production of IL-2. Since there had been no findings suggesting that
PKC theta and KPNAL1 are related directly in 9 the signaling pathway,
eWBR aSpiEMarn/ shdeptiitt the aifveamBrtichseVinBibitoedithbhsrbsahte

embadimeshmay:Re; sush astiang dugigandidates for nigyentignand/pr, e

treatment of diseases related to the regulation of T cell activation or

pPOGittdNOFICAVEE HEt EREE THRISTBSERE IMREBRUER Riserprov/déar

tatady newnspesifictargel ders drug dissgvery yhreseRtingheReWs T cell
combjned interaction between PKC theta and KPNAL1. [0019] The

ifibitS O tRE présdit SO inal et a “aibstsHceditieh infibRs Present
interactiohdretween Rk theta ando PKINAr Lnbut @b@fw_ise_@low@gjgﬂteﬁl@r

For example, the inhjbitor of the present embodiment is not limited by ‘
rr%t%%a s?pa(r:\a‘fterﬁgyi%% lﬁc’fl%ﬁ%ré%rln%?er? SURR AsCpBNATa o tdd-§hg et Lon
preteirs or iPiay biecdhenaicalsisRighlas organic or inorganic substance.

[0020] More specifically, the inhibitor of the present embodiment is

exemplified as a compound which demonstrates inhibition of interaction

bl O&thhiniriwhéthet ket intereCtihchatweep PK @tiietd amdiKPNAY be a

Qﬁﬁﬂgggd@éh%hich inhibits interaction between PKC theta and
PKNA 1, but otherwise not be limited. For example, the
inhibitor of the present embodiment is not limited by
materials, and it may be biological material such as
polynucleotide and protein, or it may be chemicals such as

organic or inorganic substance.

[0020] More specifically, the inhibitor of the present
embodiment is exemplified as a compound which demonstrates
inhibition of interaction by examining whether the
interaction between PKC theta and KPNAl occurred in the
presence of PKC theta, KPNAl, and candidate compounds under
the conditions allowing interaction between PKC theta and

KPNAL.

[0021] (1-2) Inhibitors of interaction between KPNAl and
NF-kappa B
Another embodiment of the present invention is an inhibitor

which inhibits interaction between KPNAl and NF-kappa B.

[0022] As described above, the present inventors revealed
that KPNALl interacts with PKC theta, which effects on T

cell activation, and is a substrate which is phoSphorylated



presence of PKC theta, KPNA1L, and candidate compounds under the
conditions allowing interaction between PKC theta and KPNAL. [0021]
(1-2) Inhibitors of interaction between KPNA1 and NF-kappa B Another
embodiment of the present invention is ag inhibitor which inhibits
interaction between KPNA1 and NF-kappa B. [0022] As described above,
the present inventors revealed that KPNAL interacts with PKC theta,

vihichreffeetson, T cefactivation. and; is.aguksttate Whichls reyealed that
phosphorylated 10 by PKC theta. The present inventors further revealed

thEt KRR BIHRFEGES Hith KPNAE Nitich s rdspbisibrstop udidar for
trianshocation of pratela Nfckappa B.is adaptor WRICRAGHVAES s 4 factor
transcription of IL-2 gene when translocated to the nucleus. [0023] Thus,

SUiBStERCRS MABitiRgG intsAIktioh Hahwesn AtPRRTAMERE- B are

likekyrte repeessdlL 2oprodactien: 1 k,ether words, substances inhibiting
interaction between KPNA1 and NF-kappa B will be strong drug
candidates for prevention and/or treatment of diseases related to the
ré§@28dn of ce)l axtivatiam: orabrieimiadl praductiontef rHe2. 1 Since shereen

A e eI ot A g e e e o,
mentigres: infilitor of s> piesent embudiméntimay betsuchct strongpe tween
C{{%!%Q?ng'}q@tﬁ‘\%@ﬁ%‘i%e néi o) i"‘ffj/ %retr%%[%er% O&9§§ A hdidates for
prevention and/or treatment of diseases related to the
regulation of T cell activation or abnormal production of
IL-2. Since there had been no findings suggesting that
KPNAL and NF-kappa B are related directly in the signaling
pathway, even a primary concept that the above mentiocned
inhibitor of the present embodiment may be such a strong
drug candidates for prevention and/or treatment of diseases
related to the regulation of T cell activation or
production of IL-2 was not exist. The present invention
also provides totally new specific target for drug
~discovery by presenting the new combined interaction

between KPNAl and NF-kappa B.

f0024] The inhibitér of the present embodiment may be a
substance which inhibits interaction between KPNA1l and NF-
kappa B, but otherwise not be limited. For example, the
inhibitor of the present embodiment is not limited by
materials, and it may be biological material such as
polynucleotide and protein, or it may be chemicals such as

organic or inorganic substance.

[0025]More specifically, the inhibitor of the present

embodiment is exemplified as a compound which demonstrates



related to the regulation of T cell activation or production of IL-2 was not
exist. The present invention also provides totally new specific target for

drug discovery by presenting the new combined interaction between
KPNA1 and NF-kappa B. [0024] The inhibitor of the present embodiment
may be a substance which inhibits interaction between KPNA1 and NF-
kappa B, but otherwise not be limited. For example, the inhibitor of the
pigdahp efmibudiméntlis frot fimitedrbyb materals namdsitwhay-be bidlbgical
maiedalsuchas pobipudeoigR ANdprgtai-grdmay be shamials suche,
as organic or inorganic substance. [0025]More specmcal? , the inhibitor o

tRF BIRRAE embédilifeht iSéxempiiiedias ardnpounddatieh compounds
demenstrates LLdnhibitionofinteraction by.examining-whetherthe, xpnz1 and

interaction between KPNA1 and NF-kappa B occurred in the presence of
LBRAERAEkBppa B, and candidate compounds under the conditions
allowing interaction between KPNAL1 and NF-kappa B. [0026] (2)

Detedti hods for the interaction inhibitors The detection method for
th@ﬁ\%é’ongci?gr% }(r)l rﬁﬁigorerco%:gfé‘ prestndAvéiontid Yetedtfbiibteihces

inhihifihg tprodein-protein interaction related to the regulation of T cell
ivi oduction of |[L-2, and includes two embodiments of detection
a&gwq/%%%%t#%q me%koé ?%r the interaction inhibitor of the
etnodas t1or INNipItors o
present invention is detecting substances inhibiting
protein-protein interaction related to the regulation of T
cell activity or production of IL-2, and includes two
emboediments of detection methods for inhibitors of
interaction between PKC theta and KPNAl and detection

methods for inhibitors of interaction between KPNA1l and NF-

kappa B.

{00271 (2-1) Detection methods for inhibitors of
interaction between PKC theta and KPNAL

The present invention will be further illustrated by the
following exemplification of the detection methods for

inhibitors of interaction between PKC theta and KPNAL.

[0028] One embodiment of the present invention examines
whether interaction between PEC theta and KPNAl occurs in
the presence of PKC theta, KPNAl, and candidate compounds
under the conditions allowing interaction between PKC theta
and KPNAl. Setting up the conditions allowing interaction
between PKC theta and KPNAl is the premise for precise
detection for inhibition of protein interaction by
candidate inhibitors. Thus it is only required to be
conditions allowing protein interaction, for example, in

vitro or in vivo. Preferably, the conditions should allow



interaction between PKC theta and KPNAI and detection methods for
inhibitors of interaction between KPNA1 and NF- kappa B. [0027] (2-1)
Detection methods for inhibitors of interaction between PKC theta and
KPNAI The present invention will be further illustrated by the following
exemplification of the detection methods for inhibitors of interaction
between PKC theta and KPNAL. [0028] One embodiment of the present

investiop examines whetherintaraction beyvees RKE thetaand KPNAk ce
occurs in the presence of PKC theta, KPNA1, and candidate compounds
uh8&r- iR dhdrfshsSaifowiRd fitEALHiBH between PKC theta and KPNAL.
Setting up the conditions allowing interaction between PKC theta and

K is the premise for precise .detection for inhibition of protein .
infé\r&eicj%ifn b?/c%ar?alldgféafrg ﬁ)?t()rsl.ﬁ‘ﬂlsclit 5O Yf&ﬁuﬁ%d%gﬁ%h protein is
cerditidng aliowihgspretein édtéractionhfos example; o hatta-op o vivan

Preferably, the conditions should.allow 12. each protein to maintain the

cé%ﬁge l.ﬁ%%él’gﬁ_ of in?grfgccec%gior?% A %%t%?nb%?egét%lnl. ‘%Oﬁf Vliaonratan:L § adueous
exampld, diguitksdleanttdwhkith prdtérnis addeeprovides ,a fieldwlhieh

allows protein-pratein  interaction to occur. Preferable liquid solvent is
D it proterdan, at arblortiorhBerres b e FERGRBRPLY

ab 80+37%C. The pHdie adjusted-toreferablye aautsal-oranaregpreferablyuid
kg% %%%9*%%%%§§% I%ﬂdthis way may be added other
supplementary components such as a proper buffering agent

to maintain the above pH.

[0030] The gene seqguences of PKC theta and KPNAl have
become public knowledge. So these proteins can be genetic
engineeringly prepared by transduction and expression in
given host cells, and allowed to interact. For example,
genes of PKC theta and KPNAl can be obtained by creating
probes based on the sequence described in a sequence
database and isolated from cDNA library, or creating
primers and amplifying with PCR from c¢DNA library. The
cDNA library containing PKC theta and KPNAl is commercially

avalilable.

[0031] In the present experimental system, it is
preferable to employ PXC theta having a constant
phosphorylation activity. “Having a constant
phosphorylation activity” refers to the ability to
constantly exhibit phosphorylation activity under an
ordinary biochemical condition in which the three-
dimensional structure of the protéin is preserved. Protein
having such an ability is different from those whose

phosphorylation activity switches on and off depending on



solvent prepared in this way may be added other supplementary
components such as a proper buffering agent to maintain the above pH.
[0030] The gene sequences of PKC theta and KPNAL1 have become

public knowledge. So these proteins carl Be genetic engineeringly

prepared by transduction and expression in given host cells, and allowed

to interact. For example, genes of PKC theta and KPNAI can be obtained
byrereatirey probés:based on Alse seguericerddseribed n piseguieace lation

[ d DNA, li oy creati rimers and .
e R0 CONA iy St S B ThrArs denpamna At Lon.
thétatdil RPNAAGs tomeicallyl availdite. {003 halre pfesenteraction

expetimental systentdLis; preferable to employ:PKE thetashavingaqs - apa
constant phosphorylation activity. "Having a constant phosphorylathn
a%ﬂ@itﬁ%f‘e}sff@théﬁ&brﬁ@tt@cm%taﬁu;teﬂmﬁit pRosdisrylaton betivin of
unsier an orelipary higchemigal @%ﬁiﬂﬁﬂﬂé‘n‘%h'glftﬁ%gﬁ%%‘é'{?&{‘%}@ theta
structure of the protein is preserved. Protein having such an ability is

diftEreht F8HRoSE Wb S BRESpHoryREERA BtivityCSMEFBIBH-ald off

dependingeen: 13 ran pxtesral fagiontAs Heed heteinhe phosphorylationsant
activity refers to an activit%/ to catalyze phosphorylation. In the method for

dRETCRETRTBRGY SfhieFalior PRuyEET BKE thetd akd PNA AL tde
intetactioncef REKibeta

[0032] Examples of the kinase having constant
phosphorylation activity may include the protein having the
amino acid sequence represented by SEQ ID NO:9. The amino
acid sequence of SEQ ID NO:9 was the sequence obtained by
replacing alanine with glutamic acid in a certain original
sequence at 148th position from the N-terminus thereof.

The substitution of the 148th amino acid residue with
glutamic acid results in preservation of the switch-on
state of the phosphorylation activity. In the present
invention, it is also possible to employ protein that is
substantially the same as the protein having the amino acid
sequence represented by SEQ ID NO:9. That is, it may also
possible to employ a protein having the 148th residue being
glutamic acid, and having a sequence resulting from the
substitution, deletion, insertion, addition or inversion of
one or several amino acid residues in the region other than
the 148th glutamic acid of the amino acid sequence of SEQ
ID NO:9. As used herein, “several” means the acceptable
range cof number of mutation which does not cause
significant damage on the constant phosphorylaticn activity.
Specific example of the range in numbers may be 2 to 50,
preferably 2 to 30, and more preferably 2 to 10.

[0033] Introduction of the mutation at the 148th amino



and KPNAI may be detected in terms of phosphorylation of KPNAI.
Therefore, the employment of inactivated PCK theta might cause false
negative results. Consequently, employment of the aforementioned PCK
theta having constant phosphorylation agciivity can improve reliability of
the detection method. [00321 Examples of the kinase having constant
phosphorylation activity may include the protein having the amino acid

saguencesiepiesented Ry SEQ IRNQ. Jheamine acidSeaMense ofcnieved
ID NO:9 was the sequence obtained by replacing alanine with

SEQ .
gitfafiRcadid ind cEhGileridinar L8468 Sit148th pospnarsindies the
Notesminus thereof.. The substitution pbtherk48thaming acidnesidue With that
g#g%mgc acid jgt__eLsuIts in rpreservgtion of the switch-on state of the

p

osphdryfation activity: 1n e Bresent TRVEoR; it is also possible to
elrfI@y prot&@Rthatis tsubstantidllysthd sameasi thinproteinhavingthere put

i id_sequence represented by SE NO:9. That is, it may also
B g e I itk BERGE GaRly Deteen
abitl; ahtdavirepal sBlidrice rebultimghfeomvbe dsubsktttion) deletioBPNAL and

insextion; agdition or inversi f.ope or several aming acid residues in
t%tz r(;égi%lﬁ othe%)tﬁ%adgég%%o&f%lﬁég%%%éd of the gr%{h%agcgd sequence
of BEI IbWOY, AP HSed-hefein, "BBYVEA) maghs thesactiepedisie aamgeund

of agmber of gugaton which does; Rotcapse  siopificant damage op e
constant phosphorylation activity. Specific example of the range In
n%hﬂﬁﬁg%ﬁ%y@ég¢oqxﬁandidate compound can be introduced to

cells expressing PKC theta and XPNAl, or a candidate

compound can be expressed in the same cells.

[0035] A candidate compound which shows interaction
inhibition is obtained by examining inhibition of
interaction as described above. It is easily identified
whether interaction is inhibited or not by comparing with a
proper control. A proper control is exemplifies as a
system confirming the experimental system functions
normally, as well as a system pre-established to allow
protein interaction to occur or not to occur demonstrating
that an unknown candidate compound inhibits protein
interaction or not with comparisoen. Various labeling
material such as luminescent material, fluorescent material,
coloring material, radicactive material or marker gene is
used for identification. The labeling material is measured
qualitatively or quantitatively, and the candidate
compounds can be judged as an inhibitor or not by

difference of the measurements.

[0036] Some assays to detect protein interaction have been

already known. Specifically, immunoprecipitation, Far-



preferably 2 to 30, and more preferably 2 to 10. [0033] Introduction of the
mutation at the 148th amino 14 acid residue from alanine to glutamic acid
may be achieved by modifying the basic sequence of the gene encoding
the protein by, e.g., a site-specific mutatign method so that the specific
amino acid is replaced. [0034] PKC theta, KPNAI and a candidate
compound are put together under the conditions allowing interaction

betveen PKGgdhetaandSPNA., I&QMM%,PI@Q@IE%F’ KENAkapd,

a candidate compound are brought into contact. Specifically, PKC theta,
KBNAT “ahdPd taftaidlate* E6MpoGRd 2 BEM8dEH t5 Hettuid S8Rehbe

ptiepared asrakavetr rAltespatively, a cargidatercompounngeaniRental system

introduced to cells expressing PKC theta and KPNA1, or a candidate
SRR St%% r%@%’gal in-the Sarié ced 1663514 Balditihte Proper

compound canbe
compount whick showsdnteraktion: inhibitier isobiained yrexanmining
inhigition of .interaction ascdescrgpe%above. It is easily identified whether
JAnteraction .a an ned apove. .

interaction 1s wﬁnbfednor ndtqby comparing with a proper control. A proper
control is exemplifies as a system confirming the experimental system

fypgiops nonmally, geviellas a sysiam pre-gstablished to.allow protein
interaction to occur or not to occur demonstrating that an Linknown
cahbRIEdE EamipobadwsEbitEBdinairietdtibn pPAaoBwith comparison.

ﬁg&_‘gﬁ%&e'w material sych;as lugyiaesgent matedal, HUoreseetlen kenal
1al,
and NF-kappa B, it is only necessary to change the above

combination of PCK theta and KPNAl to the combination of
KPNAl and NF-kappa B. Assay is performed to see whether
the interaction between KPNAL and NF-kappa B occurred in
the presence of KPNAL, NF-kappa B, and candidate compounds
under the conditions allowing interaction between XPNAl and
NF-kappa B. And the candidate compounds which inrhibit
interaction are detected as inhibitors. Other preferable
conditions are the same in the detection method of
inhibitors of interaction between PKC theta and KPNAl as

described above in {2-1).

[0038] (3) Detection kits for interactiocn inhibitors

The detection kit for the interaction inhibitor of the
present invention is the assay kit for detection of
substances inhibiting protein-protein interaction related
to the regulation of T cell activity or production of IL-2,
and includes two embodiments of detection kits for
inhibitors of interaction between PKC theta and KPNAl and
detection kits for inhibitors of interaction between KPNAlL
and NF-kappa B. For forms of sample supplier can be
purified protein as well as polynucleotides coding these

proteins. By incorporating these polynucleotides into the



coloring material, radioactive material or marker gene is used for
identification. The labeling material is measured qualitatively or
guantitatively, and the candidate compounds can be judged as an
inhibitor or not by difference of the meaggrements. [0036] Some assays
to detect protein interaction have been already known. Specifically,
immunoprecipitation, Far 15 Western, gel filtration, two-hybrid, energy

tiansterorvauwtace, plag®es resonangesakessome examples. Fostheied to
detection of the present invenption, an experimental system should be

eSTABTISNET to Attt HHiSHotS withSa Broiet "coritiot SAMpiFENd af urthermore,
detectiongmethodHer proteina interactianas mevntioned aboven 37 {223 ins

Detectian methpds for inhibitors of interaction hetween KPNA1 and
N e e e Ferase
apd [WEkbppa B duis onbhnecessasy teachangecthezapove gombinatignadin be

PGS dheta and KPNAL to the combination of KPNAL and NF-ka .
Ailssay Is performed to see whet &nﬁoﬁté‘}r}égﬂg%&tﬁ%ﬁrﬁVP 1;le aﬁms ©
N kapps Beodcuieetl.-in the presence of KPNAL, NF-kappa B, and
candidate compounds under the conditions allowing interaction between

KPNAI and NF-kappa B. And the candidate compounds which inhibit
if@P3&bn aré detedtet 2RtnRMithAt Dtherpretdrablct esAditingd Afe tirect ion

e, nsthexdetection-method b iphibitors of interaction between PKC

theta and KPNAL1 as
The kit of the present invention will be further

illustrated by the following exemplification of the
detection kits for inhibitors of interaction between PKC
theta and KPNAL. One embodiment of the detection kit of
the present invention comprises a PKC theta supplying

- sample and a KPNAl supplying sample. The PXC theta
supplying sample, for example, can be purified PKC theta
protein or polynuclectide coding PKC theta. One preferable
embodiment of the assay kit consists of a vector containing
polynucleotide coding PKC theta and a vector containing

polynucleotide coding KPNAL,

[0040] The detection kit can adopt various formats for an
expression vector by combining type of vector (i.e.
plasmid), promoter, and selection marker. Examples thereof

are as follows.

[0041] For the vector, for example, piasmids derived from
E. coli (i.e. pBR3222, pBR325, pUCl2, pUC13 or commercially
available pBT Vector or pTRG Vector (Stratagene)), plasmids
derived from yeast (i.e. YEp24 or YCp50)}, bacteriophage
such as lambda phage, animal ﬁirus such as retrovirus,

vaccinia virus or baculovirus, as well as pAl-11, pXT1,



described above in (2-1). [0038] (3) Detection kits for interaction inhibitors
The detection kit for the interaction inhibitor of the present invention is the
assay kit for detection of substances inhibiting protein-protein interaction
related to the regulation of T cell activity or production of IL-2, and

includes two embodiments of detection kits for inhibitors of interaction
between PKC theta and KPNAL and detection kits for inhibitors of
intBragtion betwed B P MNAL pamdiNE/AeppacB rFordotins of sampte plasmid

supplier._can he ified_protein as well.as polynucleotides ing thes
p“?(?tgef{nas? ?/ i%géﬁ%?a %nlg&tlill%sg %oFyJF?{fCFeoinaeg %giﬁe 18%%(:5"0peF v@ct%?fl ’
these proteins can be easily provided to experiments by genetic

epgesyingtechnglagy Fyrthermore, a§4°'1%%%”}§ Inferagion and oy riate
function of theSe proteins Is retained, %eta—galac sidase,
ghatathitwe S ansfedase, aorpeptidéndg sheh asiis tag,anyetegyarle, for

4G tag ean bepgdded to the Nsterminps and/ar the é%gjgi%m&%fébe%% cA

polynucleotides. [0039] (3-1) Detection kits for inhibitors of interaction
HetREeR PKC Hieth dndPRASTHeK L of fhie presamtlinvertionivillecmoter

further, dlusyrated by-the follewing.exemplification of the> detegtiondits.for spoo
inhibitors of interaction between PKC theta and KPNA1. One embodiment
P IREAEECtiBR KRG Fthe5taséRtinFémidifeotifiises 4 PR fifetd host

SUPPYNG PHOS promoter, PGK promoter, GAP promoter or ADH
promoter can be used. For insect host cells, polvhedrin
promoter or P10 promoter can be used. For animal host
cells, SR alpha promoter, S$V40 promoter, HIV-LTR promoter,
CMC (cytomegalovirus) promcter or HSV-TK promoter can be
used.

[0043] Expression vector preferably has a multicloning
site from the aspect of easy-handling in recombination
process. In addition to mentioned above, a selection
marker, an enhancer, a splicing signal, a polyA additional
signal, a SV40 replication origin (hereinafter abbreviated
te SV40ori in some cases) or a terminator can be
incorporated into the expression vector as required.
Examples of the selection marker may include an ampicillin-
resistant gene (which can also work as a carbenicillin-
resistant gene, and which may be abbreviated hereinbelow as
Amp®) , a chloramphenicol-resistant gene (which may bhe
abbreviated hereinbelow as Cam"), a tetracycline-resistant
gene {which may be abbreviated hereinbelow as Tet"), a
dihydrofolate reductase (which may be abbreviated
hereinbelow as dhf'}) gene (methotrexate resistant), and a
neomycin-resistant gene (which may be abbreviated
hereinbelow as Neo®, G418 resistant). If necessary, a

signal sequence suitable for the relevant host cells may be



sample and a KPNA1 supplying sample. The PKC theta supplying
sample, for example, can be purified PKC theta protein or polynucleotide
coding PKC theta. One preferable embodiment of the assay kit consists
of a vector containing polynucleotide coding PKC theta and a vector
containing polynucleotide coding KPNAI. [0040] The detection kit can
adopt various formats for an expression vector by combining type of

veatoL di-e.o Plasmid). prypoter, and selection marker. Examples thereof
are as follows. [0041] For the vector, for example, plasmids derived from

B ERl%iE DBR32PE pBREZS, ptRCLETRICIBGT dommBrcialiyn avaiftble PhoA

PBilMectos arRERE: VERIer {tratagrne )y Rlasmids  darived from yeasts
(i.e. YEp24 or YCp50), bacteriophage such as lambda phage, animal
VRESREER G IR BORIS ' vactifidRitEs FFbheSRvFGE R weRdE PAFa 1and a

Pt 171 pRe/GMYR RCRGY 0 P DINA/Nea, gan bedisedu Andplasmidan mr
su'ta%le for Bacillus subtilis is pUB110, pTP5 or pC194. [0042] Any

‘?’Cl)LI% Bor Wil Yo as ORY A i apspropriate “for tHERBt CARSRrEsshay yeast
the gene. Bokexamplesfor : Eseherichia Besteellactip promotsidagnter feron
promr?telr, recA gromoter, Igmbda PL promoter, Ig%ipr moter or T7

promoter catbeiiset. For BARIGE hoSCEals™s “pﬁl)’gm%f&{l%boiequence
promoteriargdentepronatercan be used. For yeast host cells, PHO5

promoter, PGK promoter, GAP promoter or ADH promoter can be used.

For insect host cells, polyhedrin
[0044] The kit of the present invention may contain host

cells suitable for an expression vector. Host c¢ells may be,
for example, bacterial cells such as streptocicci,
staphylococci, Escherichia coli, Streptomyces or Bacillus;
fungal cells such as yeast or Aspergillus; insect cells
such as Drosephila S2 or Spodoptera $f9; animal cells such
as CHO, COS, Hela, €127, 3F3, BHK, HEK293, Bows melanoma
cells or hematocyte; or plant cells. For the detection of
inhibitors of the present invention, preferably yeast cells,
E. coli cells, Bacillus cells or mammalian cells are

recommended as host cells.

[0045] Introduction of expression vector into host cells
is performed according to the standard experiment manuals
such as Davis et.al. BASIC METHCDS IN MOLECULAR BIOLOGY
(1986) and Sambrook et.al. Molecular Cloning: A
LABORATCORY MANUAL, 3rd ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (2001). Particularly,
for example, calcium phosphate transfection, DEAE-dextran
mediated transfection, microinjection, cation lipid
mediated transfection, electroporation, transduction,

scrape loading, ballistic introduction or infection can be



promoter or P10 promoter can be used. For animal host cells, SR alpha
promoter, SV40 promoter, HIV-LTR promoter, CMC (cytomegalovirus)
promoter or HSV-TK promoter can be used. [0043] Expression vector
preferably has a multicloning site from the aspect of easy-handling in
recombination process. In addition to mentioned above, a selection
marker, an enhancer, a splicing signal, a polyA additional signal, a SV40
repligation origin (hereinafter abbreviated to SV40ori in some cases) or a
terminator can be incorporated into the expression vector as required.
Examples of the selection marker may include an ampicillin- resistant
gede4qéhichredn alsewionk asfa cathenitillinaresistantigene, anghyhiel

rg%yc 8?} bbrewateglhl?eer%lnbelow aschAmEgI,%a chlora%{ghenlcol-re&stant

gena (whic m%())/ be Abbr&iated helSinBEow as €4 § §re many types of

tewadyclineresistant sgere @wicipinay.be abhbreviated beeginbejow as

Telr ihydrofolate reductase .(which may be abhreviated hereinbelo

S O B o et dene e
(Ghichumayheddbireviate d deseinbelowlasiNedr ne4tiiresistantyalf medium,
nesREsaN: AqsianalbasalRnce spiRiedpr the JSiYanh loR IS PRineral
18 added to ?he vector. Examples of the signal sequence for use may

ifdlGdé AP REAR Wiln& seguensd antamtompAisignaldeguenes foregeriisicose

Ercherichia hostsian.alppgsamylase signalsequence anddqen source,
inorganic or organic material such as ammonium salts,
nitrates, corn steep liquor, peptone, casein, meat extract,
soybean cake or potato extract; as mineral, calcium
chloride, sodium dihydrogen phosphate or magnesium chloride
can be used. Also, yeast extract, vitamins and/or growth
factors can be added. The pH of the medium should be
between 5 and 8. The specific example of the favorable
medium for Escherichia is LB medium containing yeast
extract, tryptone and salt (NaCl). Into this medium, a
inducer such as isopropyl l-thio-beta-D-galactoside can be
added to make promoter work effectively when necessary. If

the host i1s Escherichia, incubation is generally carried
out at 15-43°C for about 3-24 hours, and aeration and/or

agitation will be added when necessary.

[0047] When cultivating transformant in yeast host, the
culture medium should be Burkholder minimum medium or SD
medium containing 0.5% of casamino acid. The pH of the
medium should be adjusted between 5 and 8. Incubation is
generally carried out at 20-35 °C for about 24-72 hours,

and aeration and/or agitation will be added when necessary.

[{0048] When cultivating transformant in insect cell host



subtilicin signal sequence for genus Bacillus hosts; an MF alpha signal
sequence and an SUC2 signal sequence for yeast hosts; and an insulin

signal sequence, an alpha-interferon signal sequence, and an antibody
molecule signal sequence for animal cefl hosts. [0044] The kit of the

present invention may contain host cells suitable for an expression

vector. Host cells may be, for example, bacterial cells such as

SBePtosiel +StapRYIOCeEE, BSaRgrichiacolh Sireplomyees,@r Bagllus's 1hsect

fungal cells such as yeast or Aspergillus; insect cells such as Drosophila

P SPodbiRéaesior anfmalells Rath gy CHP CABS HELAS &1P7,

3E3nBhK: HEK29%: Bows melanama scellgorhematgewte, arRlant celis e
For the detection of inhibitors of th%ﬁ%resent invention, preferably yeast

cBREUE. oii BERSBAR NS cefi Br Miarfihalifs cBrscdEn rébsihtererd

asdpst cells. HeG4b] dntreductionofexpression-vecton o hestesallsris1 1y
performed according to the standard experiment manuals such as Davis

etaF BISICOMETHOBS N MOLEEOEARBOIDBY. (19/88) apgation and/or

Seqnhreek & al; Malegulag &RINGIA L ABORAQRY MANUAL, 3rd ed.
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York

(2001). Particularly, for example, calcium phosphate transfection,

DR afpxtranemedidted Hapsfegtion amicreinjection i eation ipid neediatedo s+,
transfection, electropqration, transduction, scrape loading, ballistic .
SO o TfBCH B e 1g: Do MU MAGLuR Cohtatning $-20% of

fetal bovine serum, DMEM medium, RPMI 1640 medium (The

Journal of the American Medical Association, 199, 519

(1967)), 199 medium (Proceeding of the Society for the
Biological Medicine, 73, 1 (1950}). The pH of the medium
should be adjusted between 6 and 8. Incubation is

generally carried out at 30-40°C for about 15-60 hours, and
aeration and/or agitation will be added when necessary. If

necessary, CO; concentration should be adjusted.

[0050] The kit of the present invention may be provided
with other detection means which are used to perform the
detection of the present invention described above. For
example, kits of this embodiment may contain reagents which
are used to detect inhibition the protein interaction
described above. For as reagents,'labeling reagents which
is measurable qualitatively or quantitatively such as
luminescent material, fluorescent material, coloring
material or radiocactive material, antibody reagents for
specific detection of the objective substance, auxiliary
substances such as pH adjuster, buffering agent and base
material can be selected and provided accordingly. The kit
of the present invention may also be provided with a

container for the detection assay, restriction enzymes and



used. [0046] Cultivation of transformant will be adjusted according to the
type of the host. There are many types of host, here are some examples.
When cultivating transformants in Escherichia host or Bacillus host, the
culture medium can be either liquid mediin or agar medium, containing
necessary source of carbon and nitrogen, mineral, etc for growth of
transformants. As carbon source, glucose, dextrin, soluble starch or

SHe@se; a% RilRgen SAMIee, ¢INDEYaNIE Pk Arganic material such as
ammonium salts, nitrates, corn steep liquor, peptone, casein, meat

extract, soybean cake or potato extract; as mineral, calcium chloride,

s@Oivbidihydogen phaspbaiear mageesigm chlarge aRbe 8sedtAIsqc+ ion
yg% textrac%ﬁ\;g‘tg ins gnd/orégrowth factors can be added. The pH of the
3]

miedium shou etveth BaR&8. Fhe specific example of the

f&mralieemadiien fdrdeseherichiaris 1B medilip CeptaiRiAg yeast extrast
trypigne an%ﬁ]MNaCIé. ) this medjum,, a inducer such as isopropyl
14%,0"1'8&%_ ~galactosi ell?:%)n & Bdded té‘%majkse SPomotEFRBRE Y " to
effeetivedy Whenalegessarynifithethiast ioEschirtichiss tacubatioRASIAT to the
gengrally carried o) tﬁ}%gﬁsc gpr@%t 3-24 t%(\alurs n(;[i:aeration and/or |
agitation will be ad(]?ed when r?élcessary. ?(%)467] her;f cu |valt"?rfg amtq'ler

RIS fStABRR I yeasthosk tite cdulttube nredisrashodltviss Buckholderl udes a
TRENRIMSIBHUGL S B Adium.LApaIng D5 ol GASAINNG A6iy T anq
pH of the medium should be adjusted betévllgé%n 5 ant}j1 “Incubation is -
assay method for the interaction between KPNALl and NF-kappa
B. One preferable form consists of a vector containing
polynucleotide coding KPNAl and a vector containing
polynucleotide coding NF-kappa B. The other components are
the same as those in detection kits for inhibitors of
interaction between PXC theta and KPNAl as set forth in (3-

1).
[Examples]

[C052] The present invention will be described in more
detail by the following examples, but will not be

restricted thereto.

[0053] (Example 1) Analysis of interaction of PKC theta
and KPNAL

The in vivo binding assay was performed to confirm
experimentally whether PKC theta and KPNAl interacted or

not.

{0054] 1-1) Construction of mammalian cell expression
plasmid of PKC theta

The cDNA coding amino acid sequence for human PKC theta



generally carried out at 20-35 C for about 24-72 hours, and aeration
and/or agitation will be added when necessary. [0048] When cultivating
transformant in insect cell host 20 or insect host, the culture medium
should be Grace's Insect Medium (Grace; T. C. C., Nature, 195, 788
(1962)) containing additives such as 10% of inactivated bovine serum if
necessary. The pH of the medium should be adjusted between 6.2 and

6 didneuhationds geaeraily, eauied oW & 279t AReUL3:5 daysr and ccession
aeration and/or agitation will be added when necessary. [0049] when

ORVBEAg HandfoPmaRt in@mnfi Ealt RESt, HheRERGRMERRIK SRotil e human

MEMImediunoertaining §220%10f ofetal boyinerseram, PMEMamedigm.ate .

MI 1640 medium (The Journal of the American Medical Association,
0B 518 (16577 T8 PRE P ProBe iRy of (et Sotled i BRe 2 is
Biblogical Mesliaine:i%3: 11(1950)o&he pH atihemmedisme shoulsihe in

justed between 6 angd. 8. Incubation i erally carried out at 30-40C
1‘?0%é uoel?tcl%j,g’d Rours, glﬁa 5&%?%%%%%/%&%‘9% iSHWill be Hided T
necbssargmifiaddeessan Co2<gorcentration shoould pe-adinsted/ 00501 sB
T it af th sent.iny. ntio%gkg@a be provided. with ot tectiq
m{'g%rl?g \%ﬁic%%;z 'usegﬂtgesp'er orm tﬁ%eé%terg 6n Ic%l‘l %Zp&%?gé%f i?]\’/enrllloen
deseApéd avbveForaaxamples kits s eFigodirhertamay contaiein tagged

reagentsyuieh argused g detectinhipition the profeininteraglion: - 1y ota-
described above. For as reagents, labeling reagents which
myc~His) in mammalian cells was constructed.

[0055] 1-2)Construction of mammalian cell expression
plasmid of KPNAL

The cDNA coding amino acid sequence for human KPNAL (NCBY;
accession number AARH03009) was obtained by performing PCR
with human thymus cDNA library (Takara Bio) as a template.
The sequence of primers (KPNAl-N and KPNA-C) used in PCR,
is shown in Sequence ID numbers 3 and 4 respectively in
Sequence List. The resultant DNA fragment was inserted
into mammalian cell expression vector pCMV Tag 2C
(Stratagene) . Thus, FLAG-KPNAl/pCMV, the plasmid which can
express human KPNAl as proteinr tagged with FLAG at N-
terminus {(hereinafter called FLAG-KPNAl) in mammalian cells

was constructed.

[0056] 1-3) In vivo binding assay of PKC theta and KPNAl
The experiment was carried out by transfecting the
expression vectors described above, PKC theta-myc-—
His/pcDNA3 .l and FLAG-KPNALl/pCMV into human embryonic
kidney cell line, HEK293T cells.

[0057] First, 4 x 10 ° of HEK293T cells were seeded onto 6



is measurable qualitatively or quantitatively such as luminescent material,
fluorescent material, coloring material or radioactive material, antibody
reagents for specific detection of the objective substance, auxiliary
substances such as pH adjuster, bufferiag agent and base material can
be selected and provided accordingly. The kit of the present invention
may also be provided with a container for the detection assay, restriction

enzy 21, 1a for hast c ivation. [Q051] (3-2) Detection Ki
oD 61 Orakon Bokoar RENAL ant RE PG E L e 20
deteatiphedditfed thevinhibitog oF imtéHalktiBo dietwben dWRNAliarm) NF-keppeh i s

B e onp,8eqeasawy 19- change the. ahoye gambinglion o REK theta and
KPNAI'to the combination of KPNAL1 and NF-kappa B. That Is, another
eMsohment sl tradit 6fth8Preddnt inveritionHiiclideDNARPNAINd FLAG-

SHPRIVING 8PIe- ri5-kaPR3 B Sypplying sample and .assay methed for .« 5
the interaction between KPNA1 and NF-kappa B. One preferable form

CBRSRRIGEE Se E1BF Bomthirisd Moty duelestio i cdtling RPN aad &)vertst

continingnpalypasteotide.ceding Niskappa B. The other components are
the same as those in detection kits for inhibitors of interaction between

PKC theta and KPNA1 as set forth in (3- 1). [Examples] [0052] The
presaginvertion:witl berdesegbedin moféh protein was expressed

transiently by further incubation at 37°C/5% CO, for two
more days. Then the cells were washed with ice-cocled D-
PBS {(Invitrogen), and suspended in 0.5 ml of Cell Lysis
Buffer (20 mM Tris-HCl, pH7.5/ 150 mM NaCl/ 1 mM Na,EDTA/ 1
mM EGTA/ 1% Triton / 2.5 mM sodium pyrophosphate/ 1 mM
beta-glycerophosphate/ 1 mM Nas;V0s/ 1 microgram/ml
Leupeptin/ 1 mM PMSF), and left to stand for 30 minutes on
ice. Then the cell extract was obtained by collecting
supernatant with centrifugation at 14 krpm for 10 minutes
at 4°C. Ten microlillters of agarose conjugated normal
mouse IgG (SantaCruz) was added to this collected cell
extract, and mixed by inverting tube. The supernatant was

collected by centrifugation (Pre~clean).

[0059] Ten microlitters of the anti-FLAG M2 agarose
affinity gel (Sigma) was added onto the supernatant

(immunoprecipitation of FLAG-KPNAl), and mixed by inverting

tube for Z hours at 4°C. The agarose was collected by
centrifugation. The agarose was washed with 0.5 ml of Cell
Lysis Buffer for four times. 5DS sample buffer was added
to the agarose and the mixture was boiled for 5 minutes.
The supernatant was separated by SDS-PAGE.

Immunoprecipitation of FLAG-KPNAL was confirmed by western



detail by the following examples, but will not be restricted thereto. [0053]
(Example 1) Analysis of interaction of PKC theta and KPNA1 The in vivo
binding assay was performed to confirm experimentally whether PKC
theta and KPNAI interacted or not. [0054} 1-1) Construction of
mammalian cell expression plasmid of PKC theta The cDNA coding
amino acid sequence for human PKC theta 22 (National Center

Biateehnelggy infermation: NGB/ ecessien 1HBRhenNR Q06248) Wagna ) .
obtajned by performing PCR with human skeletal muscle cDNA library

(T4 rs%‘%fsg Hehpiate™ The prithe SehEmes tsedIn PR dReRERED Py
andthetarCHs cshowvnyinuSeauenceMpayembers Mand 21respectivels ivody

Sequence List, The resultant DNA fragment was inserted into mammalian
c§§%§g?§s%?ozr‘? vécto%égbﬁ gi/rvﬁ?/égﬁgﬁ Hiﬂﬁé}é@ﬁ).}?ﬁﬁs,(éﬁé‘mham
thetasnyetis/ptDMAS. 11 4be  glasmit:whichi ean. express human PKC
theta as protein tagged with myc-His at C-terminus (hereinafter called

PKC theta- myc-His) in mammalian cells was constructed. [0055]
1-2)Construction of mammalian cell expression plasmid of KPNAL The

Cpi¥ goding aminoacid sequenes for puman KENA (NCBY agcessiq
numberﬁfA\AHOBOOQ) was obtained by performi grPeCR WitIEh%ﬁ”lrfn shows
thyfAus EBNA fibiapy EFalkard Big)ass afempiaid. and left images. The

following samples were applied to each lanes; M, 1 and 2.
Figure 4 shows a diagram of a part of the left side of the
electrophoresis of Figure 1.

Lane M: Molecular welght marker

Lane 1: Immunoprecipitated sample with anti FLAG antibody
extracted from cell transfected by the combination 1.

Lane Z: Immunoprecipitated sample with anti FLAG antibody
extracted from cell transfected by the combination 2.

The right side electrophoresis image (WB; myc) shows that
‘the FLAG~KPNAl is immunoprecipitated {(arrow). The left
side electrophoresis image (WB; FLAG) shows that PKC theta-
myc-His was coprecipitated with immunoprecipitation of
FLAG~-KPNALl (arrow in lane 1). Numeric values on the left
of each lane of right and left sides are molecular weights

(kDa) .

[0061] First, as shown in the right side image of Figure 1
(Western blotting with anti~FLAG M2 Mcnoclonal Antibody),
bands corresponding to FLAG-KPNAI (molecular weight of
about 63 kDa) for both combinations 1 and 2 were detected,
demonstrating the validity of the immunoprecipitation
experiment. Secondly, as shown in the left side image of
Figure 1 (Western blotting with c¢-Myc (9E10) Monoclonal
Antibody) , band corresponding to PKC theta-myc-His



The sequence of primers (KPNA1-N and KPNA-C) used in PCR, is
shown in Sequence ID numbers 3 and 4 respectively in Sequence List.
The resultant DNA fragment was inserted into mammalian cell expression
vector pCMV Tag 2C (Stratagene). Thugg FLAG-KPNA1/pCMV, the
plasmid which can express human KPNAI as protein tagged with FLAG at
N- terminus (hereinafter called FLAG-KPNA1) in mammalian cells was

CoRBirctad o[00765 113) I vivarhinding asgay of PKC theta and KPNAL £
The experiment was carried out by transfecting the expression vectors

deSEétrab6Ve, PRE thétalifgdadis/pciNA3 depr strates FLAG-KPNAL
FESGKR NARPEMY inte human embeonic Kidney gell ling, HEKZQ3T

cells. [0057] First, 4 x 10 5 of HEK293T cells were seeded onto 6 23 cm
dfSHRES b AfE At 3786 CEsivt bvefiigHtraRd tFaidteEBH by iAg Linds
FuGENERRChe Diaghostcs). At this time, two types of transfection were
performed: 2 micrograms each of PKC theta-myc-His/pcDNA3.1 and

FLAG- KPNAI/pCMV (combination 1), and as a negative control of 2

mieRams gacingf pe DNA3 G Aycs HisB fvedtarspiiyrgithtion of KPNAL by
Fﬁé@-é%\é%l/pCMV (combination 2). [0058] After transfection, each
protein'was expressed transiently by further incubation at 37C/5% CO2

foritio peorBidayst Thendfe celtsswers:washed withidce-iconkedad-dPRBNAL,

(Inyitrogen)..and syspended. ?as ml o%lCeII sis_Buffer (20 mM
Tris-HC1, pH7.5/ 150 mM NSET i a’%%‘i??ﬁ/“f& €6 (oM 2
experimentally whether KPNAl would be a phosphorylation

substrate of PKC theta.

[0063] 2-1) A positive control and negative control of
kinase assay of PKC theta

MSN is publicly known as a phosphorylation substrate of PXC
theta (Salvatore F. P. et al., (1998) The Journal of
Biological Chemistry 273, 13: 7594-7603). The mammalian
cell expression plasmid of human MSN protein, MSN~V5-
His/pcDNA3.1 (Invitrogen) was used as a positive control of
kinase assay of PKC theta. With this plasmid, MSN can be
expressed in cells as protein tagged with V5-His at C-

terminus (hereinafter called MSN-VE-His).

[0064] On the other hand, luciferase was used as a

negative control. pCMV Tag 2 control (Stratagene) was used
for mammalian cell expression plasmid of luciferase. With
this plasmid, luciferase can be expressed as protein tagged

with FLAG at the N-terminus (hereinafter called FLAG-Luc).

[0065] 2-2) in vitro kinase assay
The substrate proteins (FLAG-KPNAl, FLAG-Luc, MSN-V5-His)

were expressed in cells, and collected as immunocomplex.



mM EGTA/ 1% Triton / 2.5 mM sodium pyrophosphate/ 1 mM
beta-glycerophosphate/ 1 mM Na3VvVO4/ 1 microgram/ml Leupeptin/ 1 mM
PMSF), and left to stand for 30 minutes on ice. Then the cell extract was
obtained by collecting supernatant with ggntrifugation at 14 krpm for 10
minutes at 4C. Ten microlillters of agarose conjugated normal mouse
IgG (SantaCruz) was added to this collected cell extract, and mixed by
inverting tube. The supernatant was collected by centrifugation

(Pre-clean). [0059] Ten microlitters of the anti-FLAG M2 agarose affinity
geP&8ha) IvhsHadet! dntdhe ibeliHARE Tinfifdhspréeifafisrapd onto 6

FAAGIKENA), andbmixed by inveding. fdhe fof 2 BOUrs atAG: The  ong
agarose was collected by centrifugation. The agarose was washed with
05 At of eelictydiy Buter torfsGEiRe8.05hs Jakmplabrities Was added

teihsagareseandithemixturg was boiled for, s mipytes. -Ihe superpatant
was separated by SDS-PAGE. Immunoprecipitation of FLAG-KPNAL was

BRI B ve SEMAV2 4 4Gt RG WithiCanti- BENG W3 M EA BISAE Antibody
(Sigma). And co-precipitation of PKC theta-myc-His was detected by
western blotting using c-Myc(9EIO) Monoclonal Antibody (SantaCruz) .
£ éﬂ% Wé*sﬁg.%fb%ﬁﬁ%@sﬁ?m}ﬁ&&haﬁ%%&mméym%s%aﬁfafeSSed

detestions[0060] Thedgsylt iS,Shoym, in:Figure LFiguse 1Shows tWo,. 0

electrophoresis images of right and left images. The following samples
WEtEAppiEd to ebBRtarids® Mialldifd pere washed with lce-cooled D-

PBS (Invitrogen), and suspended in 0.5 ml of Cell Lysis
Buffer (20 mM Tris-HCl, pH7.5/ 150 mM NaCil/ 1 mM Na,EDTA/ 1
mM EGTA/ 1% Triton / 2.5 mM sodium pyrophosphate/ 1 mM
beta-glycerophosphate/ 1 mM NasV0,/ 1 microgram/ml
Leupeptin/ 1 mM PMSF), and left to stand for 30 minutes on
ice. Then the cell extract was obtained by collecting

supernatant with centrifugation at 14 krpm for 10 minutes

at 4°C. Ten microlitters of agarose conjugated normal
mouse IgG (SantaCruz) was added to this collected cell
extract, and mixed by inverting tube. The supernatant was

collected by centrifugation (Pre~clean).

[0068] Ten microlitters of the anti-FLAG M2 agarose
affinity gel (Sigma) was added onto the supernatant of
FLAG-KPNAL and FLAG-Luc, and 10 microlitters of the anti-v5
agarose affinity gel (Sigma) was added onto the supernatant
of MSN-~V5-His, and mixed by inverting tubes for 2 hours at
4°C. The agarose was collected by centrifugation. The
agarose was washed with 0.5 ml of Cell Lysis Buffer twice,
and then with kinase buffer (25mM Tris-HC1l pH7.5/ 5 mM
beta~glycerophosphate/ 2 mM DTT/ 0.1 mM NasV0s/ 10 mM MgCl,)

twice.



Figure 4 shows a diagram of a part of the left side of the electrophoresis

of Figure 1. Lane M: Molecular weight marker Lane 1: Immunoprecipitated
sample with anti FLAG antibody extracted from cell transfected by the
combination 1. Lane 2: Immunoprecipitated sample with anti FLAG
antibody extracted from cell transfected by the combination, 2. The right
side electrophoresis image (WB; myc) shows that the FLAG-KPNAL1 is
immunoprecipitated (arrow). The left side electrophoresis image (WB;
I;kég%% ows that PKC theta- myc-His was coprecipitated with

0 Shrecitatish o1 EEACHRPNALY Aol MAaHe 1 HuériE van o ve

opithe éeft: of each dane pf dghtandlet sides areanolestlar weights (the

(kDa). [0Q61] First, as_shown in the right side image of Figure 1 (Western
bﬁ%ﬁ%ﬁgév%ﬁ’]é%ﬁ%f&g 2 I\ﬁ’(g[}llosclél‘n% Aiﬁbgg);), Cﬁ’éh%%%cto?fae?p%ﬁd% 10
tonELAGUKPAAL, (foletulariveight afcabeuttt:kDa)fos both microMoiar],

C inati nd 2 were detected, demonstrating the validity of the
'rgmgg%qé?%%%%gioﬁeg%g&iﬁéﬁ? ecgﬁgl{):/?gs% gﬁgvgvﬁrlln (t)h%e eft side

image ol Figeresy (Western dpbtting with ciMyc{9E10) Mlomotlomahcentration

o of AN KDa o e 17 for EAREatan s wak defLcted.
Thisderhbhsrates FUAG-KENRAL PREMet cbmplépwith BRC [equivalent to
i%ggﬂleg 'SEBS nqells and copregipitated; This reqult confirmeglhat PKG
minutes. Then SDS sample buffer was added and the mixture
was boiled for 5 minutes. These samples were separated by
SDS PAGE, and the X-ray film was exposed to the gel. The
presence or absence of the substrate-specific bands was

detected.

[0070] The result is shown in Figure 2. Figure 5 shows
the diagram of the part of the electrophoresis image of
Figure 2. The positive control MSN is phosphorylated by
PKC theta (outlined arrowhead), the negative control
luciferase is not phosphorylated by PKC theta. Under the
same condition, KPNAl is phosphorylated by PKC theta (black
arrowhead). The arrow shows self-phosphorylation of PKC
theta. The numeric values of the left side of the figure
represent molecular weight of the molecular-weight marker

(kDa) .

[0071] The self-phosphorylated band of PKC theta
{(molecular weight of about 83 kDa) was commonly observed in
each lane. Since the positive control MSN contains
phosphorylated band (molecular weight of about 71 kba), and
the negative control Luc does not contain phosphorylated

band (molecular weight of about 62 kDa), the validity of



with KPNAL in cells. [0062] (Example 2) Analysis of phosphorylation of
KPNA1 by PKC theta With confirmation of interaction of PKC theta and
KPNA1, the in vitro kinase assay was performed to confirm

experimentally whether KPNA1 would be & phosphorylation substrate of

PKC theta. [0063] 2-1) A positive control and negative control of kinase

assay of PKC theta MSN is publicly known as a phosphorylation substrate

ot RKG: theta (Sahvateredt.dh ;ﬁaaii.,] ﬁLQ&ﬁ)J?@a@t%Irjal Qj‘ngg}}ogjg?qls .
Chemistry 273, 13: 7594-7603). The.mammalian _cell expression plasmid

o RUABA SN S%?e%ﬁ, REN-VES HidBEONAS. £ o dBR) 7aY fRedriont
aqibsitivercondrd| b Kinasesassayof-RKC thetauWjthithigaplasenid, MBNi rmed

can be expressed.in ceILs%s rotein tagged with V5-His at C- terminus
(r?é)rg%%ft%r etﬁﬁesd) W %IEI{% nl@ : A the %ﬁweﬁfﬁ%n ,‘ﬁﬁ?ferase was

used as a negative control. pPCMV Tag 2 control (Stratagene) was used

far, ali ressi id of Juciferase. With _this_pl id,
R e T A Ao o AL and
Nterrisusfhereinafter called FLAG-Luc). [0065] 2-2) in vitro kinase

asgay The substrate.profeing (ELAGKENAL, ELAG:LUG, M §gﬁﬁ-'}is)
were expressed in cells, and collected as immunocomplex. 2 00%6]
FSE A 105G HIE KPS Flees iRdi8 Seetidd BAtderpaB interact or not.

[0073] 3-1) Construction of expression plasmids of pS50 and
P60 which constitute NF-kappaB

It is publicly known that human NF-kappaB consists of
heterodimer, pb0 and pé5. It is also known that human NE-
kappaB is initially expressed as precursor protein pl50
(NCBI: accession number AAA36361l), and then digested
between 436th methionine and 437th aspartic acid in cell,

producing p50.

[0074] The cDNA coding amino acid sequence for human p59
was obtained by performing PCR with human skeletal muscle
cDNA library (Takara Bio) as a template. The sequence of
primers (p50-N and p50-C) used in PCR is shown in Sequence
ID numbers 5 and 6 respectively in Sequence List. The
sequence of p50-C is designed that the termination codon

TAA is added after the 436th methionine (ATG) of pl05.

[0075] The cDNA coding amino acid segquence for human p6b
(NCBI; accession number AAA36408) was obtained by
performing PCR with human thymus ¢DNA library (Takara Bio)
as a template. The sequence of primers (p65-N and p65-C)
used in PCR to obtain p65, is shown in Sequence ID numbers

7 and 8 respectively in Sequence List. The resultant DNA



cm dishes, incubated at 37C/5% CO2 for overnight, and transfected by

using FUGENE(Roche Diagnostics). Transfected plasmids were 2

microlitters each of FLAG- KPNAI/pCMV, pCMV Tag2 control,
MSN-V5-His/pcDNAS.1 [0067] After trarsfection, each protein was

expressed transiently by further incubation at 37C/5% CO2 for two more
days. Then the cells were washed with ice-cooled D- PBS (Invitrogen),
and:spspended in Q5cmkokgel hysismBufian OMMeTns-Hplk ¢dhbh vector
15&&1!\/&‘Nacg 1 r@dﬂl{\lagEDTA/ 1 m¥hEGTA/ 1% Triton / 2.5 mM sodium
dyrophospRatel 1 M hetd gk rophosphiate’ SkrNABTHS 3nd mye
miGogramiym| teepeptinkd dxMRMSE), @nd leftta stand-fam3a mibotess
on_ice. Thep the cell extract was obtained by collecting supernatant wit
denri Sglfliltiolgrlafflltgl(‘3 kr"f)lnglﬁorn%z m?r?u?é%eﬁaetr eh &gc%ﬁt%enrg% er called
agarose>€onjagatedurormab dhoase g (SamaCayr)avasiadiiedriothas: N-

Il extract IX inyerti The s natant was
coTona by conirisaton (re ey BoRBT e misraes oy e o
amirtFiEAGanN2 aghicser affihityges (Sigai®dvas added onto the
supernatant of FLAG-KPNAL and FLAG-Luc, and 10 microlitters of the
anti-V5 agarose affinity gel (Sigma) was added onto the supernatant of

MERZ93-HisS and HixeblBy irkershg @ibes $6iv2 RukPAAACHFhe P50 and

ose was collected by centrifugation. The agarose was washed with
0.5 ml of Cell Lysis Buffer twice, and then with kinase buffer (25mM
THsEHEY pHT 5/ BHRP bet& gl roHoR phaRASIRPBT TP 0l shes

Nﬂ%%@é%g%nH%P%96595% CO; for overnight, and transfected by

using FuGENE (Roche Diagnostics). At this time, 3 types of
transfection was performed, with two micrograms each of
myc~p50/pCMV and FLAG-KPNAl/pCMV (combination 1), 2
micrograms each of myc-p65/pCMV and FLAG-KPNAL/pCMV
(combinaticon 2), and as a negative control, 2 micrograms
each cof pCMV Tag contreol (Stratagene) and FLAG-KPNAl/pCMV

(combination 3).

[0077] 1In addition, pCMV Tag3 control 1s a plasmid which
can express luciferase as protein tagged with myc at N-

terminus.

[0078] After transfection, each protein was expressed

transiently by further incubation at 37°C/5% CC; for two
more days. Then the cells were washed with ice-cocoled D-
PBS (Invitrogen), and suspended in 0.5 ml of Cell Lysis
Buffer (20 mM Tris—-HCl, pH7.5/ 150 mM NacCl/ 1 mM Na,EDTA/ 1
mM EGTA/ 1% Triton / 2.5 mM sodium pyrophosphate/ 1 mM
beta-glycerophosphate/ 1 mM Na3;V0,/ 1 microgram/ml
Leupeptin/ 1 mM PMSF), and left to stand for 30 minutes on

ice. Then the cell extract was obtained by collecting



twice. 27 [0069] To the substrate protein collected by the above
procedures, 24.5 microlitters of reaction mixture (the above kinase buffer
plus ATP [final concentration of 10 microMolar] , MnC12 [final
concentration of 2 microMolar] phosphaiigyl serine [final concentration of
5 microlitters/ml, phosphatidyl glycerol [final concentration of 0.2 mg/ml]
and 5 microCi of gamma 32P-ATP) and 0.5 microlitter of purified PKC

theta LUpstate)Jequivalentin. abpyt 300 gl khis mixture was reagted.at, . - o
ed and t

30C for 30 minutes. Then SDS sample buffer was a e mixture
was bbifed foF Stminbitese These samples sere separateihby t80SHRAGE]

an Xzray fi xpased to th l. .The presence ar.absence of
e S S e vas Aetos (DB T ek e ShuA i
FRILIFEDC FigLrte G shiows thwy diagramtdfitbe paneof thd etectngphoresisint was

IrBage of fdguis,2. dhehqsitive.eqnirol (BN is phosphorylated by PKC

theta (outlined arrowhead), thé negative control luciferase is not
phosphorylated by PKC theta. Under the same condition, KPNAL is

pmoamgywaﬁéﬁb%fﬁ%%ﬂEﬂ%éQ@CKfa%gwh%@%iIﬁ?é“%ﬁ%§@@@?con%ugate
self-phosghorylation of PKC theta. The numeric values of the left side o

the AGUR" FalFre s¥tsm 8RR E fAr HWEiGht drane #rdle SRR R R Miarker
(kRayn R El d hepsetarhesphorylated-band okRKClbetasnd myc-tuc) and

mixed by inverting tubes for 2 hours at 4°C., The agarose
was collected by centrifugation. The agarcse was washed
with 0.5 ml of Cell Lysis Buffer 4 times. SDS sample
buffer was added to the agarose and the mixture was boiled
for 5 minutes. The supernatant was separated by SDS-PAGE.
Immunoprecipitation of myc-p50, myc-pé5, myc-Luc was
confirmed by western blotting with c-Myc (9E10) Monoclonal
Antibody (SantaCruz). And co-precipitation of FLAG-KPNAl
was confirmed by western blotting using anti-FLAG M2
Monoclonal Antibody (Sigma). ECL plus western blotting kit

{Amersham hiosciences) was used for detection.

[0080] The result is shown in Figure 3. Figure 3 shows
two electrophoresis images of right and left sides. The
following samples were.applied to each lanes; M, 1, 2 and 3.
Flgure 6 shows a diagram of a part of the left side of the
electrophoresis of lanes 1 and 2.

Lane M: Molecular weight marker

Lane 1: Immunoprecipitated sample with anti myc antibody
extracted from cell transfected by the combination 1.

Lene 2: Immunoprecipitated sample with anti myc antibody
extracted from cell transfected by the combination 2.

Lane 3: TImmunoprecipitated sample with anti myc antibody

extracted from cell transfected by the combination 3.



(molecular weight of about 83 kDa) was commonly observed in each
lane. Since the positive control MSN contains phosphorylated band
(molecular weight of about 71 kDa), and the negative control Luc does
not contain phosphorylated band (molegylar weight of about 62 kDa), the
validity of 28 the experiment system was demonstrated. Under this
condition, phosphorylated band of KPNA1 (molecular weight of about 63

kila) wagsphserved. Thus, KENAL was;confinmed tohe.a yeip@%ﬂﬁém@m
substrate of PKC theta. [0072] (Example 3) Analysis of interaction of
KPNATERTR RE-Kappe@Bhé in Tive Bitding asbayp wasperfonmedtolane 3

coplirm expesimentaly whether KRNAland NFrkapnaB,intesactornely  qpe
[0073] 3-1) Construction of expression plasmids of pS0 and p60 which
coRétitufe R - R FRB R RO BESIR kidWA thatFRim & NE Lk Spams c Sisidts KPNAL

of shetergstier, NoP-andip@i.+h isi alsa kpowadhat hupan Nis kappaBigo in
initially expressed as precursor protein p150 (NCBI: accession number

ARAS636 DR End e digedted BBfveen 836tH HERBhinGand a3yt and 2) -
aspadiciacidn el produring1pH0: [0074khe aRNA coding aminaasidiert
se{guence for human SQ was obtained _b erforming PCR with human
skef’lqulsmﬁgﬁem@gﬁgqlﬁ?&rywﬁ %1‘%3?%\8&8%]5:%)& template. The sequence
of primers (p50-N and p50-C) used in PCR is shown in Sequence ID
nt‘%%q.rf 5 ?‘@%Q{?S%esc“é’ﬁ!%’#ﬂ %%q%%e?erl'jl_%thlh% ide image of Figure 3
(Western blotting with c-Myc (9E10) Monoclonal Antibody),
bands corresponding to myc-p50 (molecular weight of about
52 kDa), myc-p65 (molecular weight of about 65 kDa), myc-—
luc (molecular weight of about 62 kDa) for combinations 1,
2 and 3 were detected, demonstrating the validity of the
immuneprecipitation experiment. On the other hand, as
shown in the left side image of Figure 3 (Western blotting
with anti-FLAG M2 Monoclonal Antibody), band corresponding
to KPNAL (molecular weight of about 63 kDa) for
combinations 1 and 2 was detected. And in the negative
control combination 3, band corresponding to KPNAL
(molecular weight of about 63 kDa) was not detected. This
demonstrates FLAG-KPNAl formed complex with myc-p50 and
myc-p65 in cells. This results confirmed that KPNAl binds
with NF-kappaB in cells.

[0082] (Example 4) Alteration of NF-kappa B’s
transcription activity due to phosphorylation of KPNAl
Study with the luciferases reporter assay was performed in
crder to examine whether or not the phosphorylation of KPNA
by PKC theta affects transcription activity of NF-kappa B,

in accordance with the following procedure.



sequence of p50-C is designed that the termination codon TAA is added
after the 436th methionine (ATG) of p105. [0075] The cDNA coding
amino acid sequence for human p65 (NCBI; accession number
AAA36408) was obtained by performing £CR with human thymus cDNA
library (Takara Bio) as a template. The sequence of primers (p65-N and
p65-C) used in PCR to obtain p65, is shown in Sequence ID numbers 7

apgod Eespectively iy Sedyance kist Eg wsufantiNA 29 fragment was

inserted into mammalian cell expression vector pCMV Tag 2A
(Stratagenéy Sthi< hlye-p50/pCMV and myc- p65/pCMV, the plasmids

vehich gan expresshuraan §0 ase Pratgin.tagged withymycrat- Naermilsne rme-
(hereinafter called myc-p50) and human p65 as protein tagged with myc

at NCEBRRGE th&reiihrte? Baled Ay EpésyrassedtiveRtinCamibfan

cedis yiere gonstrucied i[04 6ba-2) 4n vive bindingassay o0& KPNAL witha.  The
p50 and p65 Alix 10 5 of HEK293T cells were seeded onto 6 cm dishes,
ARG 5F S CTsh B Thr oRATT, SAE BANSRRER fF Wiy Co1Ls
FuGENE(ROche: Diagnasties)w At thia tims: 3liypesaf sranstectigamasal 1y

performed, with two micrograms each.of myc-p50/pCMV and . .
- FEAG-KPNAT p%%l\? (%r#b%%]ﬁoﬁrﬁl 4 zrﬁ%?oéfra%%ggzlac%co ivation in
mMycpPebAC MY anuthlohG - KRNAGIPIGMYN (combipatian.2); eead d9a2 gene

' ol, 2.micrograms_gach of pCMV contrpl (St ne 3
L RBNATREN (arbegno gy 7RO EREE R Sho e
kappa B are expressed.

[0084] Construction of Expression Plasmids of Active PKC
theta and Inactive PKC theta in Mammalian Cells

PKC theta is composed of two domains that are the
regulatory domain and the kinase domain. Usually, PKC
theta is inactivated in terms of a phosphorylation enzyme
in inactive T cells. This is due to pseudosubstrate region
{a region having a sequence which is similar to the
sequence of the substrate of PKC theta) in the regulatory
domain which thrusts into the catalyst cleft of the kinase
domain, to inhibit the kinase activity. However, when T
cells are activated and produces lipid messengers such as
diacylgiycerol, such a messenger binds to the regulatory
domain, which causes structural alteration of PKC theta,
and releases the regulatory domain from the kinase domain.
Consequently, PKC theta is activated as a phosphorylation

enzyme, for transmitting signals of T cell activation.

[0085] PKC theta consists of 706 amino acid residues.
Replacement of the 148th alanine which is in the
pseudosubstrate reglon with glutamic acid results in the

structural alteration which is equivalent to the



[0077] In addition, pCMV Tag3 control is a plasmid which can express
luciferase as protein tagged with myc at N- terminus. [0078] After
transfection, each protein was expressed transiently by further incubation
at 37C/50 CO2 for two more days. Ther;the cells were washed with
ice-cooled D- PBS (Invitrogen), and suspended in 0.5 ml of Cell Lysis
Buffer (20 mM Tris-HC1, pH7.5/ 150 mM NaCl/ 1 mM Na2EDTA/ 1 mM

E&AA/ kbrhiiten éa. 5 Mk sedivm PWopBesRNAIR/ 1 MMerefore, PKC theta
beta-glycerophosphate/ 1 mM Na3VvO4/ 1 microgram/ml Leupeptin/ 1 mM

PSP Bhaeft to REHABPSO Minaresidif idd atanithe cbi exrmstaas Ly

obtairiec by colecting-30, supermatantwith eepipifugationat 34keam 05115 in
10 minut?Ps t 4C. Ten_microlitters of agarose conjugated normal mouse

GG tS&ntaru Wi added To S EENRECET Cafl -extiakt Ehd ifkedityt 12
investing-tibet The supernaiantwas <olliectedhyrcentifugati®lon such as
Pre-clean). [0079] T.en. micrqlijters of the anti-myc agarose conjugate
ot et dRae Do e e S el £ L Brof e tioho S
ol iy Y50 Imy&-HB5 @hd)myc-Luc) and mixed by inverting tubes for 2
hours at 4C. The agarose was collected by centrifugation. The agarose

was washed with 0.5 ml of Cell Lysis Buffer 4 times. SDS sample buffer
wWelt0&kded tbtthésadareseaitdt étie mibttaiteiwas bbiled <fok 8 Iinuless The in

sppematantwas separatediby SOXPAGE . lmmynpprecipitafion of ;5 4,
myp-gSO, myc-p65, myc-Luc was -~ ' . _

witn arginine results in inactivation thereof in terms of
the phosphorylation enzyme. The lysine residue plays a
role to direct the orientation of gamma phosphate group of
the bound ATP to hydroxyl group in the substrate to be
phosphorylated. It is known that, therefore, PKC theta
having this mutation (referred to hereinbelow as PKC theta
KR) can not smoothly pass the phosphate group to the
subgtrate and is thus inactive in terms of a
phosphorylation enzyme; and that Jurkat cells in which PKC
theta KR 1s overexpressed do not activate IL-2
transcription even if stimulation such as antigen
recognition is applied, regardless of existence of
endogenic PKC theta (Molecular and Cellular Biology 1996
Apr;16(4):1842-50.) .

[0087] 1In the present experiment, plasmids each expressing
any one of PRC theta AE and PKC theta KR were produced on
the basis of the aforementioned findings, since
transcription activity of NF-kappa B has to be measured
both in the state wherein KPNAl is phosphorylated by PKC
theta and in the state wherein KPNAl is not phosphorylated.

[0088] Construction of plasmids each expressing any one of



confirmed by western blotting with c-Myc (9E10) Monoclonal Antibody
(SantaCruz). And co-precipitation of FLAG-KPNA1 was confirmed by
western blotting using anti-FLAG M2 Monoclonal Antibody (Sigma). ECL
plus western blotting kit (Amersham bioggiences) was used for detection.
[0080] The result is shown in Figure 3. Figure 3 shows two
electrophoresis images of right and left sides. The following samples

were applied to,eachlanes: W d. gand3nEiguie &5haws adiagram,of a

part of the left side of the electrophoresis of lanes 1 and 2. Lane M:

M@Iéélﬂﬁp%ig%ﬁné‘ﬂké?i}ar‘f@%: frmtnBpftiptfated Batipowiti adgng assay
nyye aipiboglye extracted:tiom cell trangtected by thercambingtigR s dangere

2: Immunoprecipitated sample with anti myc antibody extracted from cell
tRRhSFEETEH by TRE cHfmbirktion 3 SCarkty 3 - ihBRYSrER i Smplet nto DNA
wathcanti mycwantiBody rextracted romecell transfeciad dydhecgambination

3.31 The right side electrophoresis image (WB; myc) shows that the
RSB0t L I TE BB 1K bio, WY FRIR e ourebiace Tastn
imamunopeedipitaied (amaws irtanessk @ and8)wihe lgfsidenic acid
electrophoresis image (WB; FLAG) sh that KPN was .
C(fﬁ?e%%faefgz%ﬁth%l%nrn%&ﬁ%jp%_gi‘ﬁitgﬁon 0 mgg?pjg% in]EI?ngclmgrﬁ /pc DNA
mycLpB5 mianet2: (artdwhreadssngames: tendid). Numherc nalueson4héth

laft, of gach, lane gﬂ\éﬂ[ﬁfﬂgl . dmages are molecular weights (kDa)y - (et
[0081] First, as shown In the :Ei(g%wt sfl%gé image o?llgiau%eng weE era
KR-myc—His/pc DNA 3.1). The amino acid sequence of PKC

theta AE is shown in SEQ ID NO:9,and PXC theta KR in SEQ ID

NO:10.

[0089] Subsequently, for stable expression of PKC theta AR
and KR in mammalian cells, the expression vector was
changed from pcDNA3.1l/myc-His to pCI vector (Promega).

This vector contains artificially-produced intron
positioned downstream of the enhancer/promoter of the human
cytomegalovirus, which makes expression of the gene
introduced downstream thereof more stable and high level.
Each of PKC theta AE-myc-His/pcDNA3.l and PKC theta KR-myc-
His/pcDNA3.1l was treated with restriction enzymes Kpn I and
Pme I to produce DNA fragements encoding PKC theta AN or KR
with c-terminal myc-His tag, which were then incorporated
intc pCI vector between Xpn I site and Pme I site thereof.
Thus, PKC theta AE-myc-His/pCI and PKC theta KR-myc-His/pCI
were obtained. With these plasmids, PKC theta AE and KR
with myc~His tag at the C-terminus thereof are each

expressed in Jurkat cells.

[0090] 4-2) Transfection and Reporter Assay
As the reporter plasmid for detecting NF-kappa B



(Western blotting with c-Myc (9E10) Monoclonal Antibody), bands
corresponding to myc-p50 (molecular weight of about 52 kDa), myc-p65
(molecular weight of about 65 kDa), myc- Luc (molecular weight of about
62 kDa) for combinations 1, 2 and 3 wetg, detected, demonstrating the
validity of the immunoprecipitation experiment. On the other hand, as
shown in the left side image of Figure 3 (Western blotting with anti-FLAG

M2-Manoriqnal Antibady), band corrpspanpding BtQL@%Ng\é*&M%Qj&%re) was

weight of about 63 kDa) for combinations 1 and 2 was detected. And in
tREREGARRE cohftolEormbbfien 3 bafd cBFREPGITdng tSIRENZL (5"~

(moleauiarweight:ef about £3 kD) was netgetegied-Thiss demanstates ror
FLAG-KPNA1 formed complex with myc-p50 and myc-p65 in cells. This

HEMtEEBirMel I ECRENAAL Binds ANiaT Rikias ncelR Fobedfctor . 13
(Expapte-d)n Altanatier ©f N Frkarpa: Bise Hanseriptiomacivitydyedd coding
phospharylation of KPNA1 Study with the luciferases reporter assay was

petforhed in Ui s Examint Wiveth&r o RSt thestosphoRtatBRiSH PN:
KA abp PKG:-theta affeats transceptioractvitycof Nfedappa 8y irhich NF-

ccordance with.the following procedure, 32%[008%4- Materjals for _.
R L ) et o et B Pt Tep i iy Fro Ty
Jinkat f€lonecE b ésupptied from Dairippart Pharmaceusticad &o.,dffdthe NF-

"eienisd 19 herginbglow as fhe, JurkaLeels) Was Used ffer i rer1y
luciferase activity shows that NF-kappa B binds to NF-kappa
B binding region and acts as the transcription activator.
As the internal standard, phRL-TK (Promega) was employed.
This is a reporter plasmid contalning a promoter sequence
of thymidine kinase of herpes simplex, and a Renilla

Juciferase inserted downstream thereof.

{0091] As the plasmid capable of expressing KPNAl in
mammalian cells, FLAG-KPNAL/pCMV, which was alsc used in

"Tn vivo binding assay of PKC theta and KPNA1l" was employed.

[0092] 1In order to conform the teotal DNA amount upon

transfection, pCl vector which was used for incorporating
PKC theta AE and KR, and pCMV TagZ for incorporating KPNAL
were used. As NF-kappa B, those inherently existed in the

cells were used.

[0093] 1 x 10 ° of Jurkat cells were inoculated in 12-well
plate and cultivated for overnight. Then transfection was
performed with FuGENE6 (manufactured by Roche Diagnostics).
As the plasmid DNA's for transfection, 190ng of pNF-~kappa
B-Luc, 10ng of phRL-TK, 400ng of either one of PKC theta
AE-myc-His/pCI or PKC theta KR-myc-His/pCI, and 400ng of



Jurkat cell is a cell strain established from T cells derived from a human
with acute leukemia, and generally used as model cells for analyzing T
cell activation in response to antigen recognition, in particular IL-2 gene
expression. In the Jurkat cells, PKC theta, KPNA1 and NF- kappa B are
expressed. [0084] Construction of Expression Plasmids of Active PKC
theta and Inactive PKC theta in Mammalian Cells PKC theta is composed
of two domains that are_th _% yr?]o and.the kinase dgmain.

s%aﬁﬁ Cothatd iselﬁacgt%v%e%ge ?}:}8 éjr" 8'of 4 ﬁw%%pﬁg%\{at'oang nﬂﬁﬁg used,
immactivea T cefiswHhislis dueto pseudosubsiratei region: 4a region havingns
a.sequence which.i '_cg@ the ence of the substrate of F%%(C
(t)htZt%]n i%utﬂ% rgéﬁllag%%’m o%ga%%/\ﬁl%%iﬂt%r%scpsein?og%%gca@@%t cléft of i-fﬁ‘e o
kinase2@06maii) fo iribit theCkinase abthaty. Hewever, whem® edliseare of
FERYRIeH ARAIORCOR IR MESRTOSI IS JATVIBlNGRID! SHEN Ridea
mesgnger bi—r?és toctlh@pregulator domacl}n,%vk?ich %ausé%sf%ﬁgtuﬁs dade
alteration of PKC theta, and releases the regulatory domain from the

bm@]dor@@.i@e S:O&SQQH%'%I&Z f(%lc,: t@}%{ﬁ@gtLV%%d gsa further

phosphorylation enzyme, for transmitting signals of T cell activation.
PE0EB]PICC! tHetd cORSIBEGTS706 Hmird &¢ld tesidadd e Repradeaaritof r

Ahe; W@ﬁ%@mmﬁf&&!@&%dpwdpﬁelaét@%l? ,r_eQiPPé’fiE%gw'&?erase
acid results in the structural alteration which is equivalent to the 33
activity and Renilla luciferase activity were measured.

The firefly luciferase activity was divided by Renilla
luciferase activity, to calculate offset values. The
offset value cbtained by transfection with 400ng of PXC
theta KR-myc~His/pCI and 400ng pCMV Tag? being 1, relative
values of the offset values of other combinations were
calculated, to guantify the alteration of firefly
luciferase expressed depending on the transcription
activity of NF-kappa B. The experiments were performed six
times independently, and the average and standard deviation

were also calculated.

[0095] Results:
The graph of experimental results of averages with standard

deviation is shown in Fig. 7.

[0086] Single expression of PKC theta AE which was
activated as the phosphorylation enzyme results in six
times higher NF-kappa B transcription activity than that
with PKC theta KR alone, which proves adequacy of the
experimental system. It is also demonstrated that co-
expression of PKC theta AE and KPNAl results in elevation
of transcription activity of NF-kappa B as the expression

of KPNAl increases. The expression was further elevated to



aforementioned structural alteration. Therefore, PKC theta (referred to
hereinbelow as PKC theta AE) is constantly activated as a
phosphorylation enzyme. In Jurkat cells in which PKC theta AE is
overexpressed, activation of IL-2 transcgiption can occur even without
stimulation such as antigen recognition (Molecular and Cellular Biology
1996 Apr;l6(4):1842-50.). [0086] It is known that mutation of the 409th

lysing i1 RKE theda kinaseomaia-hy replaging.be lysine residue Wit na were
argi n|ne results in inactivation thereof in terms of the p hon}?horylatlon

enz§m8 Fh& Waheé fedidde Biays SSPa8 18 BRECHRAR diie ta KR
gamioa phesihate group of the bonadld fmbydroxy giaupik hee together
sub a pho phor lated. It |s known that, therefore, PKC theta

hav%t%t é&#ﬁfaﬂon%r&e &hed 16 heteiRbelbi @PRM%M KR) can not
smoothly pass the phosphate group to the substrate and is thus mactlve

H’dglﬁo &P SEH ry %lon enzyme; an that Jurkat cells in WhICh P
trhteta KR is overexpre%:sili:l oeﬁno@f ac%vate L7 %r%gcrﬁptlon &veén if°" Fimed

stimtatinduabias Britigert tecdgnitiersistdpplied aregardlpss ofiexistencetor

o K thet lecular. a Iular B|0I 1996
1%?2;%%%2 %CO) [%88§ %@%%%%eélerfnt%(hp%%men §§n¥| sgeac:%IIZE theta and

xXbRESIY Ghy o oftiecantabAE Rikg Pih@itheta KR were produced
on the basis of the aforementioned findings, since transcription activity of

NF-kagpa B has to be measured
[0098] On the basis of the results of Examples 1 to 4, it

is suggested that one of pathways for IL-2 expression may
be as follows: Firstly, KPNAl, the protein for transporting
transcription factors into nucleus, is phosphorylated. The
phosphorylation of KPNAl leads to efficient complex
formation with NF-kappa B. NF-kappa B is then transported
into the nucleus in a form of this complex. It is
considered that there may be the pathway in which the NF~
kappa B transported into the nucleus promotes transcription

of IL~2 gene.
[Industrial Availability]

[0099] The present invention is applicable in
biotechnology related industries. The present invention is
suitable for use in medicine/bioleogical reagents developing

and manufacturing industries.
[Sequence List Free Text]
[0100] Sequence ID Number 1; primer (theta-N)

Sequence ID Number 2; primer (theta-C)

Sequence ID Number 3; primer (KPNA1-N)



both in the state wherein KPNAL1 is phosphorylated by PKC theta and in
the state wherein KPNAL1 is not phosphorylated. [0088] Construction of
plasmids each expressing any one of 34 PKC theta AE and KR was
performed with PKC theta-myc- His/pcD{¢A 3.1 which was also used in "In
vivo binding assay of PKC theta and KPNAL1". Two types of the plasmids
were produced: one was produced by introducing mutation into DNA
encqding wild-type Rk proteip with-QuickEhange Hite- Directed
Mutagenesis Kit (Stratagene) to replace 148th alanine in the amino acid
SeRABREE fithy! ERchi (RFTPET tol Reibelow as PKC theta
Amyendis/peDiAnS:eY); andghe nther wasoprogduced by replacing the
409th lysine with arginine (referred to hereinbelow as PKC theta
R AP DAL, Tre BhaRS o eicihce of PKC theta AE is
sheuneincsEQIDN@ISand PKG theta KR HESEQ ID NO:10. [0089]
Sulbseguenty, for staple expression of EKGMCAL 8RN c theta ap
mammahan cells, the expréssion vector was che%gedcf?om
PEBNE3.E MY S HiBitdopC| véctorPrometya} dThisgeetor eontaifkC theta KR
liialiysarofycrddplton positoned donsteam.aiieor wr—yappa &
enhancer/promoter of the human cytomegalovirus, which makes
expression of the gene introduced downstream thereof more stable and
high level. Each of PKC theta AE-myc-His/pcDNA3.1 and PKC theta
KR-myc- His/pcDNA3.1 was treated with testriction enzymes Kpn | and
Pme | to produce DNA fragements encoding PKC theta AN or KR



with c-terminal myc-His tag, which were then incorporated into pCl vector
between Kpn | site and Pme | site thereof. Thus, PKC theta
AE-myc-His/pCl and PKC theta KR-myc-His/pCl were obtained. With
these plasmids, PKC theta AE and KR with myc-His tag at the C-terminus
thereof are each expressed in Jurkajgells. [0090] 4-2) Transfection and
Reporter Assay As the reporter plasmid for detecting NF-kappa B 35
transcription activity, pNF-kappa B-Luc (Stratagene) was employed. In
this plasmid, an enhancer sequeneé35=TGGGGACTTTCCGC-3', SEQ ID
NO: 11), which is necessary for NF-kappa B to work as a transcription
activator factor, is repeatedly inserted five times upstream of DNA
encoding firefly luciferase. That is, the reporter plasmid pNF- kappa
BsL tains the sequence for region to which NE- kappa B binds
! '(I\Zl\F- %%%%88 ﬁ%%ir% %gﬁgﬁ)n%nﬁqhé%é%ﬁ 11fffézlfecl)'gs.éi %%eﬁgjaacctjsoa% a
befgpreter FdewnbtréamaofthE N lappal B birdihgdegionp Detectipntdfethe
s cigfly slucifgrase; activiy shows that NF:kappa. B binds,1q NEkappas B ..
binding region and acts as the transcription activator. As the internal
angeahadfd, pHRILTK (Proffsya) wascempldied Kfhisis AxepbREFplashaiig
containing a promoter sequence of thymidine kinase of herpes simplex,
and a Renilla luciferase inserted downstream thereof. [0091] As the
plasmid capable of expressing KPNAL1 in mammalian cells,
FLAG-KPNAI/pCMV, which was also used in



"In vivo binding assay of PKC theta and KPNAI" was employed. [0092] In
order to conform the total DNA amount upon transfection, pCl vector
which was used for incorporating PKC theta AE and KR, and pCMV Tag?2
for incorporating KPNA1 were used. As NF-kappa B, those inherently
existed in the cells were used. [00931 x 10 5 of Jurkat cells were
inoculated in 12-well plate and cultivated for overnight. Then transfection
was performed with FUGENEG6 (manufactured by Roche Diagnostics). As
catreiplasmid DNAS Terstranstestion £ 90reftpNE kapbacBilnge, long of

i nRRREIK.A00na-okeithesone of RKC theta ARy HisipEL o PKC theta
KR-myc-His/pCl, and 400ng of 36 the combination of FLAG-KPNAI/pCMV

Cagiid PERy TAgWER GSEY e toAIIGTYIHiER afiolirits uprtesraction as
thmicregian - ¥ariations of amount of FLAG-KPNAI/pCMYV to be added
were made at 0, 100, 200, 300, and 400 ng. When examining the effect of
400ng FLAG-KPNAI/pCMV only, 400ng of pCl vector was added. [0094]
2 . Afteetransfection acultivationowas funtherl performedifer48 hosiss WitRc

I-l.yciferas . Ass tem(manufactured by Promega),
thi%rye%yklgcifgerggg %%3%%%%%% g S&F{érgsg%%ﬁé:?yoﬁ%%/g measured.
acThEfiefly luciferase activity was divided by Renilla luciferase activity, to

calculate offset values. The offset value obtained by transfection with
400ng of PKC_ theta KR-myc-His/pCl and 400ng pCMV Tag2 being 1,
3 - rédlafiid RATUESST (B GHEkt VAILRS OffSthEr ESbatBRS Seret ion

between KPNAL and NF-kappa B, said method comprising the
step of examining whether the interaction between XKPNAL
theta and NF-kappa B occurred in the presence of KPNALl, NF-
kappa B in in vive binding assay, and candidate compounds
under the conditions allowing interaction betwsen KPNAL and
NF-kappa B, to detect a candidate compound showing

inhibition of the interaction as the inhibitor.

4. A detection kit for an inhibitor of interacrion between
PKC theta and KPNALl, said kit comprising PKC theta

supplying sample and KPNAL supplying sample.

5. The detection kit for an inhibitor as set forth in claim
4, wherein said PKC theta supplying sample is a vector
containing pelynuclectide coding PKC theta, and said KPNA1L
supplying sample is a vector containing polynucleotide

coding KPNAL.

6. The kit as set forth in claim 4, wherein said PKC theta

is a kinase having a constant phosphorylation activity.



calculated, to quantify the alteration of firefly luciferase expressed
depending on the transcription activity of NF-kappa B. The experiments
were performed six times independently, and the average and standard
deviation were also calculated. [0095] Results: The graph of experimental
results of averages with standard depgation is shown in Fig. 7. [0096]
Single expression of PKC theta AE which was activated as the
phosphorylation enzyme results in six times higher NF-kappa B
7 trédnsteiption aetivity: thalvthat nwith PKG thetadkR afdre; avhich provesieen
xradequacy afihe .experimental system, Itis,alsg demonsiyated that co;
expression of PKC theta AE and KPNA1 results in elevation of
CHfarscription Sttty DENF-Kapsa BraS e exstedsSiohapPRPRNAR in vivo
pinereasessthe expressian wasfugher elevated to 37 6.4 times that of
PKC theta AE alone. These phenomena were not observed at all with
co-expression of PKC theta KR which is inactivated as the
8 .phosphosylation enzyme together withikPNAZ, aad expressiom of KPNAL
alone. [0097] Fro forementioned results, it was confirmed that
7'Nga<ga%%pén8'ls’aalc%i?/i%€ ﬁa@th%‘fpﬁlqs%ﬁsﬁor‘? %%ﬁ\?gto% 95 2nhahtéd as a
corgsaitol KPNALY bindhey tol PKCotieta and Phdsphoryilatiendhiieof yoa B
suBKEhglR. JO0R8L On the basis of the results of Examples 1110 4.1t Is

suggested that one of pathways for IL-2 expression may
coding NF-kappa B.

9. A method for developing a medicine characterized by
targeting the interaction between PKC theta and KPNAIl for

drug discovery.

10. A method for developing a medicine characterized by
targeting the interaction between KPNA1l and NE-kappa B in

in vive kbinding assay for drug discovery.



be as follows: Firstly, KPNA1, the protein for transporting transcription
factors into nucleus, is phosphorylated. The phosphorylation of KPNA1
leads to efficient complex formation. with NF-kappa B. NF-kappa B is
then transported into the nucleus in a form of this complex. It is
considered that there may be the pathway in which the NF- kappa B
transported into the nucleus promotes transcription of IL-2 gene.
[Industrial Availability] [ e ent invention is applicable in _
biotechnology related irgg@s%l&l%gsq'%e@resent invention is suitable for use
in medicine/biological reagents developing and manufacturing industries.
<[Begueneet bist &xiee-5ex}ded 00hSequence ID Number 1; primer (theta-N)
Sequence ID Number 2; primer (theta-C) Sequence ID Number 3; primer
&'f(l?NAl-N) 38 Sequence ID Number 4; primer (KPNA1-C) Sequence ID
<t mOaFEApHAR I THBOIRY BEqeAvedt NEMBEN G Bty (hobLesy and kit for
deSeguience 1& Nundben7ibptimer (p65-N) Sequence ID Number 8; primer
(p65-C) Sequence ID Number 9; amino acid sequence of PKC theta AE
Sequence ID Number 10; amino acid sequence of PKC theta KR
Sequence ID Number 11; enhancer sequence of NF-kappa B 39
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Claims 1. A method for detecting an inhibitor of interaction between PKC
theta and KPNA1, said method comprising the step of examining whether
the interaction between PKC theta and KPNAL occurs in the presence of
PKC theta, KPNAL, and 40 candidate compounds under the conditions
allowing interaction between PKC theta and KPNAL, to detect a
candidate compound showing inhibition of the interaction as the inhibitor.
@.Jhghrgggpcoig @s set forth in claim 1, wherein said PKC theta is a kinase
having a constant phosphorylation activity. 3. A method for detecting an
inhibitor of interaction between KPNA1 and NF-kappa B, said method
<&nprising the step of examining whether the interaction between KPNA1
«sheta gnd MNirkanpa B occurred in the presence of KPNAL, NF- kappa B
in in vivo binding assay, and candidate compounds under the conditions
allowing interaction between KPNA1 and NF-kappa B, to detect a
{4¥ndidate compound showing inhibition of the interaction as the inhibitor.
tdbebutletectiapkiictor an inhibitor of interaction between PKC theta ang
KPNAL, said kit comprising PKC theta supplying sample and KPNA1
supplying sample. 5. The detection kit for an inhibitor as set forth in claim
4, wherein said PKC theta supplying sample is a vector containing
{pelynacleotide coding PKC theta, and said KPNA1

211> 21
{212> DNA
213> Artificial

£220>
<223> primer (PKNAT-N)

<400> 3
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216> 5
211> 35
<212> DNA



supplying sample is a vector containing polynucleotide coding KPNAL. 6.

The kit as set forth in claim 4, wherein said PKC theta is a kinase having

a constant phosphorylation activity. 41 7. A detection kit for an inhibitor of

interaction between KPNAI and NF-kappa B in in vivo binding assay, said

kit comprising KPNA1 supplying sample and NF-kappa B in in vivo

binding assay supplying sample. 8. The detection kit for an inhibitor as set
<£q)§gh iphgllqgim. 7,, wherein said KPNA1 supplying sample is a vector

iciagl

containing polynucleotide coding KPNA1, and said NF-kappa B supplying
sample is a vector containing polynucleotide coding NF-kappa B. 9. A
<pethod for developing a medicine characterized by targeting the
cdatgragtion betyaen PKC theta and KPNAL for drug discovery. 10. A
method for developing a medicine characterized by targeting the
interaction between KPNA1 and NE-kappa B in in vivo binding assay for
<@g discovery. SEQUENCE LISTING <110> Celestar Lexico-Sciences,

zdBEsced2D 2 igraction:nhiliter, raathod for detecting interaction inhibjgor
and kit for detecting interaction inhibitor <130> PCLA-05171 <140>

JP2003-295204 <141> 2003-8-19

<210> 6

<211> 30

<212> DNA

213> Artificial

{220>
223> primer (p50-C)

<400> 8§
ctcgagttac atggttccat gottoatoce 30

210> 7

211> 30

<212> DNA

213> Artificial

{2200
{223> primer (p65-N)

<4007 7
gcgeccgeaa tgegacgaact gtteococote 30

<210> 8
211> 28
<212> DNA



<160> 11 <170> Patentin version 3.1 <210> 1 <211> 23 <212> DNA
<213> Artificial <220> <223> Inventor: HIHARA, Satoshi Inventor: DOI,
Hirofumi <220> <223> primer(theta-N) <400> 1 atgtcgccat ttcttcggat tgg

23 <210> 2 <211> 19 <212> DNA 1 <213> Artificial <220> <223>

primer(theta-C) <400> 2 tcaggatatc agccgctcc 19 <210> 3 <211> 21

<212> DNA <213> Artificial <220>

13> Artificial

<2207
<223> primer{p65-C)

<4000 8
ctegagttas gagetegatct gactcage

{2100 9
211> 708
<212> PRT
<{213> *human

<400> 9
Met Ser Pro Phe Leu Arg lle Gly Leu Ser Asn Phe Asp Cys Gly Ser

1 5 i0 15

Cys GIn Ser Cys Gln Gly Glu Afa Val Asn Pro Tyr Cys Ala Val Leu
20 25 30

Vai Lys Glu Tyr Val Glu Ser Glu Asn Gly Gln Met Tyr [le GIn Lys
35 40 45

L.ys Pro Thr Wet Tyr Pro Pro Trp Asp Ser Thr Phe Asp Ala His lle
50 55 60

Asn Lys Gly Arg Val Met Gin lle 1le Val Lvs Giy Lys Asn Val Asp
65 70 75 80

28



<223> primer(PKNAI-N) <400> 3 atgaccaccc caggaaaaga g 21 <210> 4
<211>19 <212> DNA <213> Artificial <220> <223> primer(KPNA1-C)
<400> 4 tcaaagctgg aaaccttcc 19 <210>5 <211> 35 <212>DNA 2
<213> Artificial <220> <223> primer(p50-N) <400> 5 gcggccgcaa
tggcagaaga tgatccatat ttggg 35 <210> 6 <211> 30 <212> DNA <213>
Artificial <220> <223> primer(p50-C) <400> 6

Leu lle Ser Glu Thr Thr Val Glu leu Tyr Ser Leu Ala Giu Arg Cys

85 90 95

Arg Lys Asn Asn Gly Lys Thr Glu lle Trp Leu Glu Leu Lys Pro Gln
100 105 110

Gly Arg Met Leu Met Asn Ala Arg Tyr Phe Leu Giu Met Ser Asp Thr
115 120 125

Lys Asp Met Asn Glu Phe Giu Thr Giu Gly Phe Phe Ala Leu His Gin
130 135 140

Arg Arg Gly Glu lie Lys GIn Ala Lys Val His His Val Lys Cys His
145 150 155 160

Glu Phe Thr Ala Thr Phe Phe Pro GIn Pro Thr Phe Cys Ser Val Cys
165 170 175

His Giu Phe Val Trp Gly Leu Asn Lys Glin Giy Tyr GlIn Cys Arg Gin
180 185 190

Cys Asn Ala Ala 1le His Lys Lys Cys lle Asp Lys Val ile Ala Lys
195 200 205

Cys Thr Gly Ser Ala [le Asn Ser Arg Giu Thr Met Phe His Lys Glu
210 215 220



ctcgagttac atggttccat gcttcatccc 30 <210> 7 <211> 30 <212> DNA
<213> Artificial <220> <223> primer(p65-N) <400> 7 gcggccgcaa
tggacgaact gttcccectc 30 <210> 8 <211> 28 <212> DNA 3 <213>
Artificial <220> <223> primer(p65-C) <400> 8 ctcgagttag gagctgatct
gactcagc 28 <210> 9 <211> 706 <212> PRT <213> human <400> 9
Met Ser Pro Phe Lou Arg lle Gly Leu Ser Asn Phe Asp Cys Gly Ser 15

10 15 Cys Gin Ser Cys Gin GIR/ Glu Ala Val Asn Pro Tyr Cys Ala Val Leu
Aeﬁaﬁﬁg éfﬁ lie Asp Met Pro His Arg Phe Lys Val Tyr Asn Tyr Lys

225 230 235 240

Ser Pro Thr Phe Cys Giu His Cys Giy Thr Leu Leu Trp Gly Leu Afa
245 250 255

Arg Gin Gly Leu Lys Cys Asp Ala Cys Gly Met Asn Val His His Arg
260 265 270

Cys GIn Thr Lys Val Ala Asn Leu Cys Gly Ile Asn Gln Lys Leu Met
275 280 285

Ala Glu Ala Leu Ala Met tle Glu Ser Thr GIn Gln Ala Arg Cys Leu
2580 205 300

Arg Asp Thr Glu GIn lle Phe Arg Glu Gly Pro Val Glu ile Gly Leu
305 310 315 320

Pro Cys Ser lie Lys Asn Glu Ala Arg Pro Pro Cys Leu Pro Thr Pro
325 330 335

Gly Lys Arg Giu Pro Gin Gly [le Ser Trp Glu Ser Pro Leu Asp Glu
340 345 350

Val Asp Lys Met Cys His Leu Pro Giu Pro Glu Leu Asn Lys Glu Arg
355 360 365



Val Lys Glu Tyr Val Glu Ser Glu Asn Gly Gin Met Tyr lle Gin Lys 35 40 45
Lys Pro Thr Met Tyr Pro Pro Trp Asp Ser Thr Phe Asp Ala His lle 50 55
60 Asn Lys Giy Arg Val Met Gin lle lle Val Lys Giy Lys Asn Val Asp 65
70 7580 4 Lou lle Ser Glu Thr Thr Val Glu Leu Tyr Ser Leu Ala Glu Arg
Cys 8590 95 Arg Lys Asn Asn Gly Lys Thr Glu lle Trp Leu Glu Leu Lys
Pro Gin 100 105 110 Gly Arg Met Leu Met Asn Ala Arg Tyr Phe Leu Glu

l 20 125 Met Asn Glu Phe Glu Thr Glu GlI
rFsehé'c‘f’heAa']_eu I—‘l'gs J& IT?S{’ng\ﬁprzﬁersdn@If?ﬁlu?feL&s Grln Al\JIa !

Lys¥al His His Val Ly§7@ys His 145 150 1398 160 Glu Phe Thr Ala Thr
Phe Phe Pro Gin Pro Thr Phe Cys Ser Val Cys 165 170 175 His Glu Phe
Val Trp Gly Leu Asn Lys Gin Gly Tyr Gin Cys Arg Gin 180 185 190 Cys
Asn Ala Ala lle His Lys Lys Cys lle Asp Lys Val lle Ala Lys 195 200 205
Metyker it s irady Al%ﬁﬂe"‘?fsﬁ‘Sér%r&%lﬂ]?h%éﬁbﬁ@ HfeLy$ Glu 210 215
3820 5 Arg Phe Lysdie Asp Met Pro His#rg Phe Lys Val Tywésn Tyr Lys

Lys Thr Asn Gln Phe Phe Ala 1ie Lys Ala Leu Lys Lys Asp Val Val
405 410 415

Leu Met Asp Asp Asp Val Giu Cys Thr Met Val Glu Lys Arg Val Leu
420 425 430

Ser Leu Ala Trp Glu His Pro Phe Leu Thr His Met Phe Cys Thr Phe
435 440 445

Gin Thr Lys Giu Asn Leu Phe Phe Val Met GIuITyr Leu Asn Gly Gly
450 455 460

Asp Leu Met Tyr His lle GIn Ser Cys His Lys Phe Asp Leu Ser Arg
465 470 475 480

Ala Thr Phe Tyr Ala Ala Glu lle 1le Leu Giy Leu GIn Phe Leu His
485 490 495

Ser Lys Gly Ile Val Tyr Arg Asp Leu Lys Leu Asp Asn tle Leu Leu
500 505 510



225 230 235 240 Ser Pro Thr Phe Cys Glu His Cys Giy Thr Leu Leu Trp
Gly Leu Ala 245 250 255 Arg Gin Gly Leu Lys Cys Asp Ala Cys Gly Met
Asn Val His His Arg 260 265 270 Cys Gin Thr Lys Val Ala Asn Leu Cys
Gly lle Asn Gin Lys Leu Met 275 280 285 Ala Glu Ala Leu Ala Met lie Glu
Ser Thr Gin Gin Ala Arg Cys Leu 290 295 300 Arg Asp Thr Glu Gin lle
Phe Arg Glu Gly Pro Val Glu lle Gly Leu 305 310 315 320 Pro Cys Ser
lie Lys Asn Glu Ala Arg Pro Pro Cys Leu Pro Thr Pro 325 330 335 Gly

MRSRGBIE B BiH GlyTid Seb Proeilredt bt a5 Il 340 345
350 VdllAsp Lys Met Cys H#§ Leu Pro Glu Pro 8fu Leu Asn Lys Glu Arg
355 360 365 6 Pro Ser Leu Gin lle Lys Leu Lys lle Glu Asp Phe lle Leu
His Lys 370 375 380 Met Leu Gly Lys Gly Ser Phe Gly Lys Val Phe Leu
Ala Glu Phe Lys 385 390 395 400 Lys Thr Asn Gin Phe Phe Ala lle Lys

A dittetiaty 8y s dpa/alsv 094l £15 eubvrel KspradisAsp Val Giu
Cyssthr Met Val Glu LgssArg Val Leu 420 %425 430 Ser Lou Ala Trp Glu
His Pro Phe Leu Thr His Met Phe Cys Thr Phe

Tyr 1le Ala Pro Glu lle Leu Leu Gly Gin Lys Tyr Asn His Ser Vai
545 550 555 560

Asp Trp Trp Ser Phe Gly Val Leu Leu Tyr Glu Met Leu lle Giy GlIn
565 570 575

Ser Pro Phe His Gly Gin Asp Giu Glu Glu Leu Phe His Ser lie Arg
580 585 580

Met Asp Asn Pro Phe Tyr Pro Arg Trp Leu Gilu Lys Glu Ala Lys Asp
5gs 600 605

leu Leu Vai Lys Leu Phe Val Arg Glu Pro Glu Lys Arg Leu Gly Val
610 615 620

Arg Gly Asp 1le Arg Gln His Pro Leu Phe Arg Giu ile Asn Trp Glu
625 630 635 640

Glu Leu Glu Arg Lys Glu 1le Asp Pro Pro Phe Arg Pro Lys Val Lys
645 650 655



435 440 445 Gin Thr Lys Giu Asn Leu Phe Phe Val Met Glu Tyr Leu Asn
Gly Gly 450 455 460 Asp Leu Met Tyr His lle Gin Ser Cys His Lys Phe
Asp Leu Ser Arg 465 470 475 480 Ala Thr Phe Tyr Ala Ala Glu lle lle Leu
Gly Leu Gin Phe Lou His 485 490 495 Ser Lys Gly lle Val Tyr Arg Asp
Leu Lys Leu Asp Asn lle Leu Leu 500 505 510 7 Asp Lys Asp Gly His lle
Lys lle Ala Asp Phe Gly Met Cys Lys Glu 515 520 525 Asn Met Leu Gly
ta n Thr Phe% s Gly Thr Pro Asp. 530 535 540 Tyr lle
S To SBiEITT yd %9 1 hERCHIE SV 548 550 555 560
Asp Trp thi§03er Phe Giy Val L8 Leu Tyr Glu Met78u lle Gly Gin 565 570
575 Ser Pro Phe His Gly Gin Asp Giu Glu Glu Leu Phe His Ser lle Arg
580 585 590 Met Asp Asn Pro Phe Tyr Pro Arg Trp Leu Glu Lys Glu Ala
Lys Asp 595 600 605 Leu Leu Val Lys Leu Phe Val Arg Giu Pro Giu Lys
PrArérEét?leEWgF%fé%iﬁJe% Hrg'ely lAepie Axg Esih A3 Bb Leu Phe
Arg Gléi7He Asn Trp Giu 6280630 635 640 Gluskdu Glu Arg Lys Giu lle
Asp Pro Pro Phe Arg Pro Lys Val Lys

A
S e

Asn Met Phe Arg Asn Phe Ser Phe Met Asn Pro Gly Met Glu Arg Leu
690 695 700

lle Ser

705

<2100 10
<211> 706
{212> PRT
<213> human

<400> 10

Met Ser Pro Phe Leu Arg [le Gly Leu Ser Asn Phe Asp Cvs Gly Ser
H 5 i0 15

Cys Gin Ser Cys Gin Gly Glu Ala Val Asn Pro Tyr Cys Ala Val Leu
20 25 30

Val Lys Glu Tyr Val Glu Ser Giu Asn Gly Gln Met Tyr lle Gin Lys
35 40 45

Lys Pro Thr Met Tyr Pro Pro Trp Asp Ser Thr Phe Asp Afa His |le



645 650 655 8 Ser Pro Phe Asp Cys Ser Asn Phe Asp Lys Glu Phe Leu
Asn Glu Lys 660 665 670 Pro Arg Leu Ser Phe Ala Asp Arg Ala Leu lie
Asn Ser Met Asp Gin 675 680 685 Asn Met Phe Arg Asn Phe Ser Phe
Met Asn Pro Gly Met Glu Arg Leu 690 695 700 lle Ser 705 <210> 10
<211> 706 <212>PRT <213> human <400> 10 Met Ser Pro Phe Leu
Arg lle Gly Leu Ser Asn Phe Asp Cys Gly Ser 151015 Cys Gin Ser Cys
Gin Giy Glu Ala Val Asn Pro Tyr Cys Ala Val Leu 20 25 30 Val Lys Glu
TyPal Glu Ser Giu ASK Gly Gin Met Tyr 2Gin Lys 35 40 45 Lys Pro Thr
Met Tyr Pro Pro Trp Asp Ser Thr Phe Asp Ala His lle 9 50 55 60 Asn Lys
Gly Arg Val Met Gin lle lle Val Lys Gly Lys Asn Val Asp 65 70 75 80 Leu

AESETRIU TN TheValGlu hey Typ Ser Ley Ala Glu Arg Cys.
65 70 75 30

Leu {ie Ser Glu Thr Thr Val Glu Leu Tyr Ser Leu Ala Glu Arg Cys
85 90 95

Arg Lys Asn Asn Giy Lys Thr Giu lle Trp Leu Glu Leu Lys Pro Gin
100 105 110

Giy Arg Met Leu Met Asn Ala Arg Tyr Phe Leu Glu Met Ser Asp Thr
115 120 125

Lys Asp Met Asn Glu Phe Giu Thr Glu Gly Phe Phe Ala Leu His Gin
130 135 140

Arg Arg Gly Ala Ile Lys Gln Ata Lys Val His His Va! Lys Cys His
145 150 155 160

Glu Phe Thr Ala Thr Phe Phe Pro GIn Pro Thr Phe Cys Ser Val Cys
' 165 170 175

His Giu Phe Val Trp Gly Leu Asn Lys GIn Gly Tyr Gln Cys Arg Gin
180 185 190

Cys Asn Ala Ala lie His Lys Lys Gys lie Asp Lys Val lie Ala Lys

10



8590 95 Arg Lys Asn Asn Gly Lys Thr Glu lle Trp Lou Glu Leu Lys Pro
Gin 100 105 110 Giy Arg Met Leu Met Asn Ala Arg Tyr Phe Lau Glu Met
Ser Asp Thr 115 120 125 Lys Asp Met Asn Glu Phe Glu Thr Giu Gly Phe
Phe Ala Leu His Gin 130 135 140 Arg Arg Gly Ala lle Lys Gin Ala Lys Val
His His Val Lys Cys His 145 150 155 160 Glu Phe Thr Ala Thr Phe Phe
Pro Gin Pro Thr Phe Cys Ser Val Cys 165 170 175 His Glu Phe Val Trp
Giy Leu Asn Lys Gin Gly Tyr Gin Cys Arg Gin 180 185 190 Cys Asn Ala
Ala lle B Lys Lys Cys lle %@p Lys Val lle Ala B§% 10 195 200 205 Cys
Thr Gly Ser Ala lle Asn Ser Arg Glu Thr Met Phe His Lys Glu 210 215 220
Arg Phe Lys lle Asp Met Pro His Arg Phe Lys Val Tyr Asn Tyr Lys 225

230,235 240 r Pro Thr Phe Cys Glu His Cys Gly Thr Leu Lou Trp Gly
C)Lsoghlg\lg,s ;54% 5%825%6 AR5 &h é;ﬁ)é Eeuuul@’s%gs% Wsé RIZEYE Gly Met Asn
VatHis His Arg 260 26%5270 Cys Gin Thr 3% Val Ala Asn Leu Cys Gly lle

Asn Gin Lys Leu Met 275 280 285 Ala Glu Ala Leu Ala Met lle Glu Ser
Thr Gin Gin Ala Arg Cys Leu

Arg Phe Lys 1le Asp Met Pro His Arg Phe Lys Val Tyr Asn Tyr Lys

225

Ser Pro Thr

Arg Gin Gly

Cys Gln Thr
275

Ala Glu Ala
290

Arg Asp Thr
305

Pro Cys Ser

Gly Lys Arg

Phe

Leu

260

Lys

Leu

Glu

Ile

Glu

230

Gys Glu
245

Lvys Cys

Val Ala

Ala Met

Gin lle
310

Lys Asn
326

Pro GIn

His

Asp

Asn

fle

295

Phe

Glu

Gly

Cys

Aia

Leu

280

Glu

Arg

Ala

Iie

Gly

Cys

265

Cys

Ser

Giu

Arg

Ser

Thr

250

Gly

Gly

Thr

Gly

Pro

330

Trp

235

leu Leu

Met Asn

Ile Asn

Gin Gin
300

Pro Val
315

Pro Cys

Glu Ser

11

Trp

Val

Gin

285

Alz

Glu

l.eu

Pra

Gly

His

270

Lys

Arg

ile

Pro

Leu

Leu

2bb

His

Leu

Cvs

Gly

Thr

335

Asp

240

Arg

Met

Leu

Leu

320

Pro

Glu



290 295 300 Arg Asp Thr Glu Gin lle Phe Arg Glu Gly Pro Val Glu lle Gly
Leu 305 310 315 320 Pro Cys Ser lle Lys Asn Glu Ala Arg Pro Pro Cys
Leu Pro Thr Pro 325 330 335 Giy Lys Arg Glu Pro Gin Gly lle Ser Trp Glu
Ser Pro Leu Asp Glu 11 340 345 350 Val Asp Lys Met Cys His Leu Pro
Glu Pro Glu Leu Asn Lys Glu Arg 355 360 365 Pro Ser Lou Gin He Lys
Leu Lys lle Glu Asp Phe lie Leu His Lys 370 375 380 Met Leu Gly Lys Gly
Ser Phe G‘[gyé_ys Val Phe Leu Ala Glu Phe Lys 385 390 395 400 Lys Thr
Asn Gin Phe Phe Ala lie Arg AldLeu Lys Lys Asp W&l Val 405 410 415
Leu Met Asp Asp Asp Val Glu Cys Thr Met Val Glu Lys Arg Val Leu 420
425 430 Ser Leu Ala Trp Glu His Pro Phe Leu Thr His Met Phe Cys Thr

R R 45 I Iyl AR ben Phe Phe Val Mt Glu T Leu

Gly 450 455 460 Asp Vs His Lys
Phe AspLeu Ser Arg 4653&?0 475 480 AIa Tﬁﬁ&he Tyr Ala Ala Glu lle
lle Leu Gly Leu Gin Phe Leu His 12 485 490 495

Pro Ser Leu Gln lle Lys Leu Lys lle Glu Asp Phe lie Leu His Lys
370 375 380

Met Leu Gly Lys Giy Ser Phe Gly Lys Val Phe Leu Ala Giu Phe Lys
385 380 395 400

Lys Thr Asn Gln Phe Phe Ala lle Arg Ala Leu Lys Lys Asp Val Val
405 410 415

lLeu Met Asp Asp Asp Val Glu Cys Thr Met Va! Glu Lvs Arg Val Leu
420 425 430

Ser Leu Ala Trp Glu His Pro Phe Leu Thr His Met Phe Cys Thr Phe
435 440 445

Gin Thr Lys Glu Asn Leu Phe Phe Val Met Glu Tyr Leu Asn Gly Gly
450 455 460

Asp Leu Met Tyr His Ile Gin Ser Cys His Lys Phe Asp Leu Ser Arg
485 470 475 480

Ala Thr Phe Tyr Ata Ala Glu lle lie Leu Gly Leu GIn Phe Leu His

12



Ser Lys Gly lle Val Tyr Arg Asp Leu Lys Leu Asp Asn lle Leu Leu 500 505
510 Asp Lys Asp Gly His lle Lys lle Ala Asp Phe Gly Met Cys Lys Glu
515 520 525 Asn Met Leu Gly Asp Ala Lys Thr Asn Thr Phe Cys Gly Thr
Pro Asp 530 535 540 Tyr lle Ala Pro Glu lle Leu Leu Gly Gin Lys Tyr Asn
His Ser Val 545 550 555 560 Asp Trp Trp Ser Phe Giy Val Leu Leu Tyr
Glu Met Leu lle Gly Gin 565 570 575 Ser Pro Phe His Gly Gin Asp Glu
Glu Glu Leu Ptlgé—(is Ser lle Arg 5%)0585 590 Met Asp Asn Pro Phe Tyr
Pro Arg Trp Leu Glu Lys Glu Ala LyS"'Asp 595 600 605 Leu Leu Val Lys
Leu Phe Val Arg Glu Pro Glu Lys Arg Leu Gly Val 610 615 620 Arg Giy
Asp lle Arg Gin His Pro Leu Phe Arg Glu lle Asn Trp Giu 13 625 630 635

sEAQ, Gl -QY G A Lys Gl g Asp.Rro, Rig Rhe frg Bro Lys Val Lys

645 650 65598er Pro Phe Agp C sa%er%snS hgnAsp L);gsU é\% Phe Lou
Asn Glu Ly¥%660 665 670 Pro®Rrg Leu Ser Phe Al&'Rsp Arg Ala Leu lie
Asn Ser Met Asp Gin 675 680 685 Asn Met Phe Arg Asn Phe Ser Phe

Met Asn Pro Giy Met Glu Arg Lau 690 695 700

Asp Lys Asp Gly His fle Lys (te Ala Asp Phe Gly Met Cys Lys Glu
515 520 525

Asn Met Leu Gly Asp Ala Lys Thr Asn Thr Phe Cys Gly Thr Pro Asp
530 535 540

Tyr 1le Ala Pro Giu lle Leu Leu Gly Gln Lys Tyr Asn His Ser Val
545 550 555 560

Asp Trp Trp Ser Phe Gly Val Leu Leu Tyr Glu Met Leu |le Gly GIn
565 570 575

Ser Pro Phe His Giy Gin Asp Glu Glu Glu Leu Phe His Ser |le Arg
580 585 590

et Asp Asn Pro Phe Tyr Pro Arg Trp Leu Glu Lys Glu Ala Lys Asp
595 600 605

teu Leu Val Lys Leu Phe Val Arg Glu Pro Glu Lys Arg Leu Gly Val
610 615 620

Arg Gly Asp lle Arg GIn His Pro Leu Phe Arg Glu lle Asn Trp Glu

13



lle Ser 705 <210> 11 <211> 14 <212> DNA <213> Atrtificial <220>
<223> enhancer <400> 11 tggggacttt ccgc 14 14

625

630 635 640

Glu Leu Glu Arg Lys Glu lle Asp Pro Pro Phe Arg Pro Lys Val Lys

Ser Pro

645

650 655

Phe Asp Cys Ser Asn Phe Asp Lys Glu Phe Leu Asn Giu Lys

660

665 670

Pro Arg Leu Ser Phe Ala Asp Arg Ala Leu lle Asn Ser Met Asp GIn

Asn Met

675

680 685

Phe Arg Asn Phe Ser Phe Met Asn Pro Gly Met Glu Arg Leu

690

[le Ser

705

<210>
211>
212
213>

<220>
<223>

<400>

"

14

DNA
Artificial

enhancer

11

tggggacttt coge

695 700

14

14



