|  SPECI FI CATION I nhibitors of Interaction, Detection
Met hod for Inhibitors of Interaction, and Detection
Kit for Inhibitors of Interaction [FIELD OF THE

I NVENTI ON] [0001] The present j nvention relates to
inhibitors of protein-protein interaction, a
detection nethod for inhibitors of the interaction,
and a detection kit for hihitors of the interaction
in the signaling pathwwaéhﬁgﬁQQ?qu the regul ati on of
T cell activity. [Background of Invention] [0002] PKC
(protein kinase C) fam |y are serine/threonine
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[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 belongé to
a novel calcium ion~independent type. One of known
functions of PKC theta is 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
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proliferation factor I1L-2 (interleukin 2), and
expresses |L-2 receptor, and proliferates in an

| L- 2-dependent nmanner. I n PKC theta-knockout nouse,
above T cell activation in response to externa
stimuli does not occur, and IL-2 production decreases
(for exanple, Non-patent LHerMUrel) In IL-2
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[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 teo the regulation
of T cell activity and production of IL-2 are not still
well understood. These signaling pathways related to the
regulation of T cell activity and production of IL-2 is
predicted to be wide-ranged and complex. Although .
identifying the signaling pathway requires the knowledge of
which substance being involved at which step, it is not
easy even identifying substances involved in the signaling
pathways, because the many substances may be involved in
the signaling pathways related to the regulation of T cell

activity, and these substances may function in very small




3 amount or their stability may be Iow. [0008] On the
ot her hand, elucidation of the signaling pathways
related to T cell or IL-2 will significantly
contribute to the prevention of treatnment of diseases
related to the abnormality of T cells or IL-2, and to
the devel opnent of relevant drugs. Elucidation of the
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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 TL-2, detection methods for inhibitors of the
interaction and detection kits for inhibitors of the

interaction.

[Means of Solving the Problems]

[0010] In 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




with PKC theta and/ or NF-kappa B, which are the
inportant 4 factors in the signaling pathways of
regulation of T cell activity or production of IL-2.
As the result, the present inventors found out the
new conbi ned interaction associated wth PKC theta
and NF-kappa B, and perfected the present invention

d on ;such findings. The present .inven |on :
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[3] An inhibitor of interaction between PKC theta and KPNAL,
said inhibitor being obtained by examining whether the
interaction between PKC theta and KPNALl occurs in the
presence of PKC theta, KENAl, 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 KPNALl and




5 NF-kappa B, and sel ecting a candi date conpound
showing inhibition of the interaction. [6] A nethod
for detecting an inhibitor of interaction between PKC
theta and KPNAl, said nethod gonprising the step of
exam ni ng whether the interaction between PKC theta
and KPNAl1 occurs in the presence of PKC theta, KPNAL,
and . candi_dat e compounds under the conditions all ow ng
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activity.

[8] A method for detecting an inhibltor of interaction
between KPNA1l 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 inhibition of the

interaction as the inhibitor.

[9] A detection kit for an inhibitor of interaction between
PKC theta and PENAl, said kit comprising PKC theta
supplying sample and KPNALl supplying sample.

[10] The detecticn kit for an inhikitor as set forth in [9],
wherein said PKC theta supplying sample is a vector
containing polynucleotide coding PKC theta, and said KPNAl

supplying sample is a vector containing polynucleotide




codi ng KPNAL. [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 intergction between KPNA1 and
NF- kappa B, said kit conprising KPNAL suppl ying
sanpl e and NF-kappa B supplying sanple. [13] The
detectiaon kit for an inhibitor as set forth in [12],
% B KPNAL suppl ying sanple is a vector
cont ai ni ng pol ynucl eotide codi ng KPNAl1, and said
NF- kappa B supplying sanple is a vector cont ai ni ng
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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 method for developing a medicine characterized by
- targeting the interaction between KPNAl and NE-kappa B for

drug discovery.

[Effect of the Invention] _

[0012] WwWith 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 Nkaappa 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




[0013] Figure 1 shows that PKC theta binding with
KPNAL in cells. Figure 2 shows that KPNAL was
phosphoryl ated by PKC theta. Figure 3 shows that
KPNA1 binds wi th NF-kappaB constitutive protein p50
and p65 in cells. Figure 4 is a schematic view of the
part of the left side electrophoresis i mge of Figure
1. ure 5 |s a schematic view,of the art of the
r@@i 1% UEge POR TR E 182 IFgGHE L6 Yis a
schematic view of the part of the left side
el ectrophoresis inmage of lanes 1 and 2 in Figure 3.
HifgureL Pestvows ttilee efpriawemas] results in Exanpl e 4.
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Figure 7 shows the experimental results in Example 4.

[The Best Mode 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
Mcolecular Cloning: A LABORATORY MANUAL, 3rd edition, Cold
" Spring Harbor Laboratory Press, Cold Spring Harbor, New
York (2001) are referred when performing biochemical or

genetic engineering procedure of the present invention.

[0015] {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 KPNALl and an inhibitor of

interaction between KPNAl and NF kappa B.




One enbodi nent of the present invention is an

i nhibitor which inhibits interaction between PKC
theta and KPNAl1l. [0017] PKC theta effects on T cel
activation and is essential fgor IL-2 production. It
is also required induction of IL-2 gene transcription
by transcription factors such as NF-kappa B for IL-2
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f ionin in the nucleus such transcription .
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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 1s responsible for nuclear
~translocation plays a role in the signaling 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. In otheér words, substances inhibiting
interaction between PKC theta and XPNALl 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 KPNAl are related directly in




the signaling pathway, even a primary concept that the
above nentioned inhibitor of the present enbodi nent
may be such a strong drug candi dates for prevention
and/or treatnent of diseasesgrelated to the
regulation of T cell activation or production of IL-2
was not exist. The present invention also provides

totallly new specific target for. dru di scover
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is exenplified as a conpound whi ch denonstrates
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[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 obcurred in the
presence of PKC theta, XPNAl, and candidate compounds under
the conditions allowing interaction between PKC theta and

KPNAI.

[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 KPNAl interacts with PKC theta, which effects on T

cell activation, and is a substrate which is phosphorylated



by PKC theta. The present inventors further reveal ed
that NF-kappa B interacts with KPNAL which is
responsi bl e for nuclear translocation of protein.
NF-kappa B is a factor which gctivates transcription
of IL-2 gene when translocated to the nucleus. [0023]
Thus, substances inhibiting interaction between KPNAL

q:pyd NF- kappa B are likely to repress |L-2 production.
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vmitdR Ideo et thtedresent 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.

[0024] The inhibitor 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




11 inhibition of interaction by exam ning whether the
i nteracti on between KPNAL and NF-kappa B occurred in
the presence of LPNAL, NF-kappa B, and candi date
conpounds under the conditiops allow ng interaction
bet ween KPNAI and NF-kappa B. [0026] (2) Detection
met hods for the interaction inhibitors The detection
met hod for the interaction_inhibitor of the present

i‘eititarn 9tddeden .%%&Yaﬁé@lﬁlﬁﬁ%w@ﬁ&er the

BIALSI R @it Wi e k@gin10R Hehat ed bg ‘Bh%cfz%%@t 18N the
of T cell activity or production oP 2,

|nnﬁaﬁm§§ KWbI$@WﬁodWWemapp@fBdeﬁ@@tm@ndnéah@dgom@punds
b|t rs |nterac i.on..bet we .the a.and_ K
R e Fna el oREa Gt A B HEER BEE PIChEARE ERRAL ana
bﬂ&%@@@aK%NAl and NF- kappa B. [0027] (2-1) Detection
met hods for inhibitors of interaction between PKC
theta and KPNAI The present invention will be further

ifdosstyr ated Berlhe i holde@Woe e68MRhkf keakir-ar+ebnt he

etectlon nmet hods for inhibitors of interaction
BethiedrtoRKC t het a and KPNAI . [0028] One embodi nent of

e se inven n exan nes__whet her
B e R R R e SRS A BEk R0 oy che
PG slhet anvikBNAbn ard dearditdale scorpannds iundes tihg
condi ti ons aIIOMAn%.lntenaction bet ween PKC theta  and
KPN&flnS@FPFﬁdnuﬁn ﬁéa€6ﬁ@PtF@ﬁ§t§ﬁI6ﬂdﬁ@eiﬁF@PaéFﬂéﬁ of T
beheen (BE i hela and. KRNeh txa@zprsﬂuS?LnE%dege%e
detection for inhibition of protein’interaction
cabdiddatea tisnbifbidedes t ithu sieithoids dnkylnhqbnteﬁstofbe

FO %ﬁ%b g%nagl%wee% B%%t%het%nggﬁa%bhgg’aggrdgégngloh
methods for inhibitors of interaction between KPNAl and NF-

kappa B.

[0027] (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.

[00281 One embodiment of the present invention examines
whether interaction between PKC theta andrKPNAl 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 i1s only reQuired to be
conditions allowing protein interaction, for example, in

vitro or in vivo. Preferably, the conditions should allow




vitro or in vivo. Preferably, the conditions should
allow 12 each protein to nmaintain the configuration of
interface region in protein interaction. [0029] For
an exanple, liquid solvent toiyhich protein is added
‘provides a field which allows protein-protein
interaction to occur. Preferable Iiquid solvent is

a %ﬁgus sol ution _referaqgét?t anbi ent tenperature
Ot* TbriF O Y5t rabidy THtd 140 - WHC.Cofre P A sl ofUs tad erd ace -
reef frably piadinali e e i ef erably between 6.5 and
8. 5. Liquié) sol vent prepared in this way nay be added
ot her suppl enentary conponents such as a proper

dy7 ng: i nt.ai n .t . 0 S
ggae Jequéﬁ%gg;g?&a Fhé?ﬁﬂgﬁg%ﬁg&%ﬁ%hggéwggg%o#gg%%ln S
publdd denonildedge $Selidhesd div elltions ¢ad Had ngeiiettedn -
enq@neequﬁLy prepared by transduction and expression
T FATET Host® QHIY, - afd HTGHEE t'dTHice R entorts aqueous
SRR &n HTRS M1PKE hetiaand HPNAL AR beOhbaikned
by creating probes based on the séquence described in
reduendy adatldba&yéCcandThsopht d AdposeBllALbi brafyrably

or creating priners and anEJifying wi th PCR from ¢cDNA

DY EAY. CFh&CrEDRESTBARLYY B&ERR By SPREY feta akdduid
KNALitS R UPRRIE al YhiaVabhaklhe. pk0@3kkdl b rhbe

present experinmental system it"is preferable to
SpiedERKEC attive tcp mivpwicnd Sa seohs eang pplepsphbufifetriiony agent
QQ}E%EE¥a£'H% in%F%v%pn%tant phosphoryl ati on activity"
refers to e abiTity t0" constantly exhibit

phosphoryl ation activity under an ordinary

gi gtwic'l condition in which the three- di mensi ona
OB38 r 3Per SeRE SegErIveRs Of BEEr FOGTaPRBte KRNAL 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 seqguence described in a sequence
database and isolated from cDNA librarxy, or creating
primers and amplifying with PCR from cDNA library. The
cDNA library containing PKC theta and KPNAl is commercially

avallable.

[0031] 1In the present experimental system, it is
preferable to employ PKC 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



having such an ability is different fromthose whose
phosphoryl ation activity swtches on and of f dependi ng
on 13 an external factor. As used herein, the
phosphorylation activity refegs to an activity to
cat al yze phosphorylation. In the nethod for detecting
the inhibitor of interaction between PKC theta and

KPNA 1, th teraction of PCK theta and KPNAl
G ST (RS of oSSt YIRS Gy Ghe. RPREPRorYLation

Bhariefiane, rd e R QHmeRl: 1Qfi dynact iwalaqd RCKHReharylation.

m ght cause fal se negative results. ConsSequently,
ep | tdymrerathefd tffve afedesramd dvied lP@Khlﬁ@traOifa\lmﬁ@raCtlon

SIBI R SRRO ML YORR0L I LY ST oo e

aind eeNdInass; hay idug ceanrst ant tq&lfr@spifomyﬂoa@h@mylatlon of
act|V|ty may i nclude _the protein having the am
Eseq&&ﬁﬁ?@%ﬁﬁe H%Pﬂ@QEWl9ﬁW9q?Ct?W€t§ﬁlﬁgK theta
ﬂl@%%aqfses%@glal%lw %e‘%%’ittshe %%%%%%%n%@&a' ned
by “ replacing alanine wth glutamc acid in a certain
-cﬂm@mentsezﬁjéﬁ@e aétorlemnrtlm@dt PO foherpat heving constant
t.her eof substltutlon of .t.h 48t
IR AR G ST ANPE oY & otdanite fynof the
méﬁmwummiamﬁmbdkm swi t ch- on state of the
phosphoryl atiqon activity. In the present invention,
i 3?] 35%84 SIod tHee Hfﬁnéfeplh&t"é“ﬁ CRAETRET
Wgﬁf&lﬂﬂéﬁi&nh%c%%%t rale l%fcqh%i'e” t'ﬂ%vb%t%'i% ﬁﬁ‘v@ﬂg the
acid sequence represented by SEQ IS,
ravinal $¢ldossiusing et @re@lr}@lswt@dpﬂo@t é3|E|Q ﬁ@vN@g 9t heThe amlno
148t h residue b u nlc aci and hav
seqﬁgﬁ%e resﬁitln@g¥%q%% ?ﬁﬁs%' RaTlan en&?l gtglned by

ireparald 101y aadadutnleomum igil\ﬁ@;b&il% a@fid QMe alkes@¥@habriginal
amno acid residues in the region other than the

BRI TGIUCAN 1 84 @051 tiRE 4CHo the §-deqménte Sheseof-

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 N0O:9. That is, it may also
possible to employ a protein having the 148th residue being
glutamic acid, and having a sequenée resulting from the
substitution, deletion, insertion, addition or. inversion of
one or several amino acid residues in theé region other than
the 148th glutamic acid of the amino acid sequence of SEQ
ID NO:92. As used herein, “several” means the acceptable
range of number of mutation which does not cause
significant damage on the constant phosphorylation 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 mﬁtation at the 148th amino



ID NO 9. As used herein, "several" neans the

acceptabl e range of nunber of nutation which does not

cause significant damage on the constant

phosphoryl ation activity. Spegific exanple of the

range in nunbers may be 2 to 50, preferably 2 to 30,

and nore preferably 2 to 10. [00331 Introduction of

th t at,ion the 148th am nq 14 gcid residue from
&SV ﬁl GLAG Sy 198 AT EY 6L Shif o b ;‘?Fﬁée"ed

IH‘_,E ARSI 16 1SR URRC @ afi @%qgl%ql%eera,qoc@h@g gehe eﬁ%@ﬁgh@ the

by, e.g., a site-specific nmutation nmethod so that the
sﬁfe?rﬁemrb e 1fo Saoi @ i teepsipasdd i d 0034L iPRCTelapgd, so that

ﬁ:e 3 LA gﬁ%ata%l%oq%o% 1areqput  together under

nditions inter ctlon ‘bet ween PKC theta
zﬁﬂﬂ349NAPKO mh@wheermmdsanBK@ tchetid daKBN&bmapdndaare put
candl at e co ound are phraught into contact.

ST TPRE e el tRRRL AR B0 dngeagEsion between

qqapqm&&a %%@.@@N@QdedIhOo%ﬁ%rlm%%HQ S@kbe%heQ%epﬁ@ﬁﬁl and
as above. Alternatively, a candi daté conpound can

ientdeediced et gompelinsl exsr doiugy tPKeteheratand - KPNAl

_ d

e R TRRAC  RRRC SR B 2R Bok® 8B una
iqatre hac taidalie d mnhmhetuQQuuﬁ,@b&aenedphgpexaﬁiabngbove.
égg{bltlon of interacgtion as descri bed above. '

It Is
Pyt 8d CORReRES iSheraeti 6™ §°i ARiFBPtEgeEr tO

QI 1Y GRMRAIIRG WrCh tRcthr QREM kPRAL! Obyr 4 eaﬁe@aate
control is exenplifies as a system confirm ng the

eopwoumshcan $psegmregned dns throsaakl gelas.wel |l as a
system pre-established to allow protein interaction
to occur or not to occur denonstrating that an
U903GIn eardnddtie teorpapodndnkhiichs sppeteinteraction
“i,nteraction or not with conparison. Various |abeling
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 comparison. Various labeling
material such as luminescent material, fluorescent material,
coloring material, radiocactive 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-




material such as |um nescent material, fluorescent
material, coloring material, radioactive material or
mar ker gene is used for identification. The |abeling
material is measured qualitajively or quantitatively,
and the candi date conpounds can be judged as an
inhibitor or not by difference of the neasurenents.
00361 Sone assays to detect protein interaction have
e@ﬂrréﬁﬂyfﬁﬁ&ﬁﬁﬁlgﬁeCFMQﬁﬂﬂgﬁldr energy transfer or
| TR P A Bl oo et L8 VERLRS Brcafiph ool | ERL Qe
two- hybrid, energy transfer or surface plasnon
rdesmEncs arfe Wenp s éswveldr onhe andeeettiiorendgk 1t kgstem

present .i nventian, .an experinmental .system should be
SLTRA Hfod 16 AR (oAh g IR W ogfopanh & Proper
CHUQ)l sARRIe and & GRIRGIHion MRihed frolr prefelin
interaction as nmentioned above. [0037] (2-2) Detection
rETIPS TR iafhrsintdregiest abovicer act i on bet ween KPNA1

and NF-kappa B In order to detect inhibitors of
i'nteracti on between KPNAL and NF-kappa B, it is only
NS dar (2@ ) c Parige ttile atededscdiolr dahiibn tofrsPCK

t.heta and KPNAI to t mbi natjion of PNA1 and
At Kemurars Reafio Anaa N kaBoaufot her - he

iTH ey @ Rrtveraen (KRNAL ¢ NE- kappaaBraeaUbketdeld KPNA1
the presence of KPNAl, NF-kappa B, and candi date

ot dlrdsbPander itthd Scomdivt NERSSERIEYWItRY ShareradtFoabove
Qﬁﬁﬁﬁ%@&ﬁ%ﬁﬁ%fa@%%hwgé%%p%%dBKPﬁﬁg Egetﬁgn@b%%ﬁﬁgtion of
S ich inhibit as

conpoun interaction are detecte
IKRENAL taows NFOkagpapBef erablag icopdirifoensdare ke sapther

in the detection. nethod of inhibitor%Bof interactiog in

GESnedrt SBRE TG &t SRPRRYALs 2o I B8 2aB0 08 S =S
(tZrel or s@R38] of3kpRateC iNroRalpiphs Bf, 0Obnlintehaga®’ compounds
IJEEJ? %%;§conditions allowing interactlon between KPNAL and
" NF-kappa B. And the candidate compounds which inhibit
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 interaction inhibitors

The detecticn 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-2Z,
and includes two embodiments of detection kits for

- inhibitors of interaction between PKC theta and KPNAL and
detection kits for inhibitors of interaction between KPNAL
.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




. Sam

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{g cell activity or

production of IL-2, and includes two enbodi nents of
detection kits for inhibitors of interaction between

PKC theta and KPNAL and  detection kits f, i nhihitors
SR rat i DataSe PISNATS &0 e YBprﬁ’é’rlded to
féﬂﬁﬁkiﬂeﬁﬁﬁﬂByEQEﬂHﬂ|dﬂédéﬁhé@%ldﬁﬂﬂéﬂﬂﬁ$ﬂﬁfﬁe'@u@%hermore

wel | as pol ynucl eoti des coding these proteins. By

i or BBt @F rigla HesessI binnc lagst ifdes tiipro ofh&heseppopéeins
%Ctr%rtafrl&fe HUQd ¢ gﬂ%cct%gl% %asé]%{_m%ﬁ%\ilo %d L %ransferase

experi nents by genetic engineeri'n

Fur tﬂmrtrmtee tagasado@ngasasmshe;aqut @tyac thagn oaﬂ(E‘LfZ\l(Bncthlgonzan be

G oS et Seatan B so (ot R agheee

Iﬁﬂlydﬁﬂlé@ﬂld@g_FLAG tag can be added to the
N-term nus and/or the C-term nus of these

polynucleotides [00391 (3-1) Detection kits for

%ﬁm§yﬂ(” qﬁ kﬂh%kﬁﬁ%%pﬂltgeEW?eq %ﬁ%i&%?%ao n%n%gyé%tion
e kit of t present invention w be further

|Hdtm&Enaﬂmm$knhdﬂmeahﬂlkﬁwmng exenplification of the

%%%F tlongk s for inhihitors of interaction between
RERAE™ todE VERDGGPmERt Lot A Td8R&Ct i on

kiitl @t ratthel Rresert fionvemtin e%%ﬁﬁﬁh%g%a%leﬁcokh%h@
supplying sanple and a KP supplying sanple. -
FiP@G kdidsplfpirng nhavpiter sf of éxaspletioan bb@ween PKC
P eta r [ ol ynyel eot | codi
%%g'§%ﬁgﬂpregéga%#%0ﬁl 56 né #%Of%tﬁgggsgg Egt of
¢m@sp&E$e@k anwemtabncanm@mﬁseg ap@kwnﬁhbeatsdgpagdhgg

PKC Eheta and a ctor containing
ple and KPNA 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 KPNAZ.

[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, pUCl3 or commercially
available pBT Vector or pTRG Vector (Stratagene)), plasmidé
derived from yeast {(i.e. YEp24 or YCp50), bacteriophage
such as lambda phage, animal virus such as retrovirus,

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




pol ynucl eoti de codi ng KPNAL. [0040] The detection kit
can adopt various formats for an expression vector by
conmbi ning type of vector (i.e. plasmd) pronoter, and
sel ection marker. Exanples thereof are as follows.
[0041] For the vector, for exanple, plasmds derived
from E coli (i.e. pBR3222, pBR325, pUCl12, pUC13 or

pall i 1 abl T, Vect TRG Vect ,
ggg{gﬁ%’:%}%{%\&agﬁp g? N%?e/ |esogc5:%¥nr gj:% &esseg[‘ ?.%ng plasmid
¥Ep2dalare WenbWacihacterdoptiage suchurs logmpde sphagec1od.

animal virus such as retrovirus, vaccinia virus or
bacul ovirus, as well as pAl -11, pXT1l, 17 pRc/ CW,

p V' Qinyp IR 8O Wsan. ke, usedordnd Pligsnid -
PR P T 0 a0, T SR, s ppropriate

pI94:hg 002 oyl spreoipotesys iwid Itido ggsid.ongoas ebtamipde, for

r.opri ate .for_ the.host_cells expressing the gene.
%gsoché)rlc ia }%oosrt cteg. - ité:ﬁjl é)rﬁ)gg;{ eé:ellsl ’c lpF moter, rechA

rexanple,

rriitess, |1atnH=0ml @ronath , ApRirehoteamda 7 promoter
PL. pronoter, |pp pronoter or T7 pronoter can be used.

o BN hdSr @9id l1uspdp s Giegtisr, S5982 Prerekster SPO2
. t t [
gﬁé.gm%rproq%p e?%?%%ﬁ?‘%n P xeast has yg%%lt $ost

pronoter, P GAP pronoter or ~A
prednist e rPHSHN themesed., POK iprsecttehgsGAPeplromoter or ADH

| yhedr i t P10 . t d. .
ot daP B gy o A Flest S0dg oy DbyBgarin
H ArlotR P IreMBtir p o ofC Hadmegah@Wwidr. US Fokr el 8bst

HSV- TK pronoter can be used. [0043] Expression vector
srefleraify aHadiag DFIMOtEroniSYG0 $irceotesm HAY-aFPedrogpter,

S5 DSBS VARIGD ¥ 96953 [RHEALL) 00 e
aissyl.i ci ng signal, a pol yA additional

[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
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 gene (which can also wofk as a carbenicillin-

- resistant gene, and which may be abbreviated hereinbelow as
Amp®) , a chloramphenicol-resistant gene (which may be
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




signal, a SV40 replication origin (hereinafter
abbreviated to SV40ori in sone cases) or a ternlnator
can be incorporated into the expression vector as
requi red. Exanples of the se{gction marker may
include an anpicillin- resistant gene (which can al so
work as a carbenicillin- resistant gene, and which may

e abpreviated hereinbelow as Anpr), a
C%%Q o e st ant gene (which may be

@B@ﬁ@Mkﬁl%@ heleisNRRl-aW R3GAMe) £f0& use may include a Phok

tetracycline-resistant gene (which may be abbrevi at ed
Hdiomiadb slesiveaseTamnd) ang Ongirhpdoofdl sedueadgctage genus

gﬂﬂ{%&lg%x P& Ay ey ALy hah%ESEQQ%'%W as ,dhf éheg%%eand a
otrexate resi‘stant cin-re
geie: i(lvifdich siayalie salofieenicatfed ghemelnbehQWMashNeme" an MF

gﬁ&?ﬁbe5|stant) | f necessar%/g,U gnhal sequence

. S B G SREENCEY RO REs EélﬁégHEQ FEIYEN5GdEQT yeast
bR dthe %%%t%h.1Eé%qﬁhe%l%kahh%e%h%ﬁ%% Seauemeeatehteeeeron
may i nclude a PhoA signal sequence and an OnpA si gnal

sdgiierdc & efiengenugndeschenitévodvhogtlecuar signal sequence
alphasamylase (i gnal, sequence and a subtilicin signa

' sequence for génus Scillus hosts; an MF al pha si gna
sequence and an SUC2 S|gnal sequence for yeast hosts;

3% gﬂ in SI uence, .an al pha-interferon h
4 #&é n& np ﬁ@@ﬁ&dﬁnﬁﬁpééapem§V9ﬁaptaln ost
%%QQ%n%%ltf%ﬁeaQbEaan%&br@%%ﬁ%n [Q044]  Theokict -8f 15hRay be,
present invention may contain host cells suitable for
divregpeapdicon baedearia lHost leesishmay b&reptorieganyl e,
I .l s_such_as.streptqci t aphyl aco

ha % 111
% %% cﬁPg%ch|% %trep#bnycgélér%%agplﬁmgee% it %c uss
@ﬁdgeisuenlassmeasesoyeésmebglmhpergumseet @abbet sutis
~as Drosophila S2 or Spodoptera Sf9; animal cells such
such as Drosophila 52 or Spodoptera Sf9; animal cells such '
~as CHO, COS, HelLa, (127, 3T3, 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 METHODS IN MOLECULAR BIQLOGY
(1986) and Sambrook et.al. Molecular Cloning: A
LABORATORY MANUAL, 3rd ed. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York (2001). Particularly,
for example, calcium phosphate transfection, DEAE-dextran
mediated transfection, micreoinjection, cation lipild
mediated transfection, electroporation, transduction,

scrape loading, ballistic introduction or infection can be




as CHO, CCS, HelLa, C127, 3T3, BHK, HEK293, Bows
~nmelanoma cells or hematocyte; or plant cells. For the
detection of inhibitors of the present invention,
preferably yeast cells, E. cobi cells, Bacillus cells
or manmal ian cells are recommended as host cells.
[ 0045] Introduction of expression vector into host
is perforned according to the standard
experiment manuals such as Davis et.al. BASIC METHODS
I N MOLECULAR BI OLOGY (1986) and Sanbrook et.al.
ecul ar oni ng: A 1 ABORATORY MANUAL, 3rd ed. Cold
@Q‘f@ e S Y EABEELMaES o 1ddr PiSg 2AdrsSed
New YRl 300 Th ParidCWraring ndfsqr, e)ﬁ‘milee’ax‘éalnﬁbﬁ}mtypes of
phosphat e transfection, DEAE-dextran nedi ated
thycfsf ékﬁﬁeo@ranagrrm rﬁx@@mlm c #thiepn duilpiicrarkédigat ed
t lLe Qr; n, transducti. crape
AR B B AR ey o e B85 Ee the
S usedt nfdddon Gl udevaumrofll@ua@smrdjmﬂ owi blyakemedium,
usted according to the type of the host. There are
_lﬁﬂﬂf%ﬁﬂﬁ&?’@@CQﬁiﬁ¥Y FOVE gr &5s Sﬁébéﬁaﬁﬁ@e§lt%ﬁ8ﬁn mineral,
G AR iiw i ¥FS RS nlah S chear %r&'r%otﬂo%bug%e glucose,
Baci |l | us "host, the culture nedium can be either
Idaﬁnnimnuﬁqhubie &g@mcme@mumpch@@L eﬁlngtmegegsapyrce,

r of . car ban and ni_troge eral, etc or
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Or man
dﬁxﬂmﬁﬁﬁ S@o&hl%t&k@fth@br&u@é@&QneQScﬁbbﬁﬁgemeat extract,
source, |n0rgan| c or Organl c material such as

AFMCSHS T PR EXLLE6h SBeBB LT Gdor CAPEHEBNe,
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as mneral, calcium chloride diumdi h ogen
ph@sbﬁamea@' w@gwe5|wmaemlemmdectcawlmemussdanAVQG growth

%%c%%z%x%%%p%e VIEQ%?nST%nd/%r %r%W% 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 is 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




factors can be added. The pH of the nmedi um shoul d be
between 5 and 8. The specific exanple of the favorable
medi um for Escherichia is LB nedi um contai ni ng yeast
extract, tryptone and salt ( ). Into this medium a
i nducer such as isopropyl 1-thio-beta-D gal actoside
can be added to make promoter work effectively when
necessary. the host is Escherichia, incubation is

e B e Do G TS TRSE W ShaRd Gk PS- SFaRGUEs Insect

ki ARK aldQ-Aand/ Olc - &g t gidQiran lilg he 7agded suhen
necessary. [0047] Wien cultivati'ng transformant in

yesasta ogtg advd tioest wuehned mﬂ@hv_cmlldlabelmrueldolbdmine
ngenﬂunﬁjqundlcg?@ ar SDHTrngeedlt;ﬂ{mo%onc alum (%nl dﬂ;ﬁgélld be

casaimn no acl

adjjusdtedi hettwesm % andn& 6l.Acubatn@ibatl ongerelgahnkyally
carried out at 20-35 C for about 24-72 hours, and
asmratiesh cutd/ady 24§Ct pkoabeaikl 3be dded @ahénaeration and/or

nec ar Wien cultivating transformant in
SC Oé} I"‘L1(’1lf)?L ?tJeZ@dgp G HEES: nﬁe&set% S%He cul ture medium
should be Grace's Insect Medium (Gace, T. C. C,
cont ai ni ng additives such as

195, 788 (11962
'\@%4& 1 e \Faltléot @&\;1)11?% trgashRire e dds sarfa TR gHRost,
Afhd R& IMRMidImNoM %h%%madeuw el WRE R B2 1800 654208 of

Incubation is generally carried out at 27C for about
$eiadaYSnuaﬁdS@ematl@NEahdk@uumagBEaﬂld@&& medhemaddbe

049 .t i vat
e oitentaagct i St AT S R
ma_cyammcorlt% Mg vlar 20%oekedielal thavengosern tBVEMhe

medium_ RPM 1640 nedium (The Journal of the Anerican,
Vo8 Gads B GiaR, 799, 5199500967) Fhe1p¥ REdthm medium

(SPRGREH NG Qf el ? L2y 01 'i:lh% Biralegh¢dbn is
& cl ne, %%ﬁ (%b %?) %¥h A%f the %Funrn *
generally carried out at 30- 40°C for about 15-60 hours, and
aeration and/or agitation will be added when necessary. If

necessary, (C0, 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 gqualitatively 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




shoul d be adjusted between 6 and 8. Incubation is
- generally carried out at 30-40C for about 15-60 hours,
and aeration and/or agitation will be added when
necessary. |If necessary, Q02,goncentration should be
adj usted. [0050] The kit of t%e present invention nmay
be provided wth other detection neans which are used
to performthe detection of the present invention
CeRdr CUERFE ™kits of this enbodi nent
may contain reagents which are used to detect
inhibition the protein interaction described above.
- HAOAHS r eldgent Delteatidlamg itsadeom §niiioghrorissof interaction
sur abl alitatjvely or quantitatively such as
:g% hesc gﬂﬁhf%¥?§#: G6T €scent material , col oring
il @tdadicvadiity €drmtteld dinhidntioRody Heageaksion
for specific detection of the objective substance,
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accor The kit of the present 1nvention may
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For the detection kit for the inhibitor of interaction

FerSrele Mok ford the: Kapsgagtion betysrp Ret@dsang M§—kappa

s£ha 8 Canhinati-an (0f, BEK,t heta and KRNAY;
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gudtyirerc L eprticdi mwedtingf KPR lkiandof teetpresentaining

i_nventign includes,.a NALl suppl yi sanple, a

oS o8 i oG NEpIREoRAU ® s By fetfiod CPBPOPRETS are

ItHeers2eld o helbeeen nKANALANGrNkikapEar Bnh@8tors of
preferable formconsists of a vector containing .

- interaction between PKC theta and KPNAl as set forth in (3-

1}.
[Examples]

- '[0052] The present invention will be described in more
detail by the following examples, but will not be

restricted thereto.

[0053] (Example.l) Analysis of interaction of PXC theta
and KPNA1 |

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

not.

[0054] 1-~1) Construction of mammaliian cell expression
plasmid of PKC theta

The cDNA coding amino acid sequence for human PKC theta




pol ynucl eoti de codi ng KPNAI and a vector contai ning
pol ynucl eoti de codi ng NF-kappa B. The ot her conponents
are the sane as those in detection kits for

i nhi bitors of interaction between PKC t heta and KPNAl
as set forth in (3 [Exanples] [0052] The present
invention wi Il be described in nore detail by the

b, ZERLT R et ol R B ok g o egpasion

mndxen\av (Hﬂ:’:dZml\%sﬂaﬁaﬂaﬁn\éd\/@ybpéd:lf@g:nﬁ&@ay_ﬂc\}&a&lth human
perfornmed to confirm experlnentall whet her PKC t heta

MU G JribrRgy. [f@éf@&]a Bipy esnst teEPLafke-
Oifh, SRR I LRl RX AR5 119N p o ast@ﬂec&aaﬁq BG thetka Ehgs
cDNA codi ng am no aci d sequence for human PKC theta 2
(SNesrvirorial &aguﬁmcaBﬂét@mhwar@gﬂ Enfdo 2naeispectNEBLy in

S n nbe NP0062 bt_ai y_performn
AR e et DD y e TaR s Lo
Birdo amnaatlamgm afed.] eﬂp&e@rsumr veeguenpepwsed 1i/myBCRi sB
theta-N and theta-Cis_shown in Sequence | D nunbers 1
@2 tregsEdt-i vl s n PEGe dtiehde MYics i sTREDNASu Ly aftbe
DA off: 0 IR Ch RS %&%kA%g nRbe FRETRLEY el zotein tagged
éxpressi on vector 1/ myc-H sB (I nvitrogen).

w&a@ mQKCHﬂﬁe@arﬁy¢emmsmN@DMA@r£lnaweerpbagﬁed BHCchheta-

Erpress human PKC thgﬁa as protein %% ed wth
nyb at P PR &i Haft EPPERFPESEPKC t het a-
nyc Hs) in nannallan ceIIs was constructed. [0055]

Cbnstructlon of manmal i an cell expression plasmd
dp RNl 1-2) Construction of mammalian cell expression

plasmid of KPNAL

The cDNA coding amino acid sequence for human KPNAI (NCBI;
accession number AAH03009) was obtained by performing PCR

with human thymus cDNA library (Takara Bio) as a template.

The sequence of primers (KPNALl-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 plaémid which can
express human KPNAl as protein 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 carfied out by transfecting the
expression vectors described above, PXC theta-myc-
-His/pcDNA3.1 and FLAG-XPNAl/pCMV into human embryonic
kidney cell line, HEK293T cells.

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




The cDNA codi ng am no acid sequence for human KPNA|
(NCBI; accession nunber AAH03009) was obtai ned by
performng PCR with human thyrmus cDNA |ibrary (Takara
Bio) as a tenplate. The sequgfice of priners (KPNAL-N -
and KPNA-C) used in PCR, is shown in Sequence |ID
numbers 3 and 4 respectively in Sequence List. The

resul tant DNA fragrrent was inserted into manmalian
& |dishsses dingit ratpél%lcﬂ'ég Q@z fot ratgeid)t, and

O AT 48 prat B LR e RS AR e Car il

(thereei rafd ejypcml lcerd tE’laA@flélEl‘tlAb)'l |wremmmmlf|oamedel bs
was construct ed. [0052% In vivo blndl ass

BIRG KA 50 kP Y Joh YRRyt i VB
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PKC théta-myc- Hi s/ pcDNA3. I and FLAG KPNAL/ pCW i nto

U PeEae SIEBTy GrEich o cm@w@eIll/mmméilsﬁEKZ@@toefepméy) and

| %%Ué{%lgﬁﬁ%& X A2 4 105%?31_ cell's were seeded

shes, Tncu at 37C/ 5% C2 for
over ni ght and transfected by usi ng FUGENE( Roche

a%ﬁ%ﬂﬁ #gﬁ%gdéﬁfag#%Engggngag ck gngﬁgwg%agiggggggg
I}%bo r@ﬁ?:l? %/fp%la%ﬁeqr qg%u%'a’%?on %79 g fC%Z for two

as a negative SContro
motrreogra@rm eatrﬂenofth,@clamaslhﬁy@ HIaSBe(:iV@r(itchr ieslypoand D-
FLAG KPNA1/ pCW (combi nation 2). [00581 After
FrgnsfeetitgRIe@ach aﬁfiotséllsﬁ’%de%ﬁ‘r Qséea‘l praféidntyyis

Iy gt her wp%%l—@mat p%30/55°/01@@2mi~40ﬁat:\&/9 1MRMeNa,BDTA/ 1
days. Then the cells weré washed with ice-cooled D

Mﬁsaﬂﬂﬁvlﬂ%o@@nﬁonaddZS@spMnﬁgdlmm Py3ophosbhase) 1 mM
LUSEs B L6 (20, TN S Ch, BT o (B0 JIMABRlY 1
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 miérolillters of agarose conjugated normal
mouse IgG {(SantaCruz) was added to this collected celil
“extract, and mixed by inverting tube. The supernatant was

collected by centrifugation (Pre—clean).

[00659] Ten microlitters of the anti-FLAG M2 agarose
affinity gel (Sigma) was added onto the supernatant
{(immunoprecipitation of FLAG-KPNALl), and mixed by inverting
tube for 2 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. SDS sample buffer was added
to the agarcse and the mixture was boiled for 5 minutes.
The supernatant was separated by SDS-PAGE.

Immunoprecipitation. of FLAG-KPNALl was confirmed by western




mM EGTA/ 1% Triton / 2.5 nmM sodi um pyrophosphate/ 1 mm
bet a- gl ycer ophosphate/ I nM Na3vVO4/ 1 m crogram m )
Leupeptin/ 1 nM PMSF), and left to stand for 30
mnutes on ice. Then the cel bgextract was obtai ned by
- collecting supernatant with centrifugation at 14 krpm
for 10 m nutes at 4C. Ten m'crolillters of agarose

SO e e Mo R ooy EPRVer )

tae. coFier siparnatiai WK HHas ch)H GeRb Hegalden b
(Pre-clean). [0059] Ten mcroli ttte;?g] of lt he anti - FLAG Y
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rting e for hours at he agarose
i sadil drectsa d ways mﬂrﬁofrugm’ue@tloﬁhe agar ose was
washed with 0.5 m of Cell Lysis Buffer for four
times. SDS sanple buffer was added to the agarose and
the m xture was boiled for 5 mnutes. The supernatant
was separated by SDS-PAGE. | mmunopreci pitation of
F@A?(ﬁ%PNﬂJhwsescﬂdrtf |lﬁm§(§10w‘l idls Féomreq 1| oftiongewilt lshows

- ti )
'co pr ec%g]"}% :g%%%g E’%& etog?%igj@% %g\%a%egé_‘t g‘cr:nfaggsby
Vit lewiny elatripie suSichg caleci(e@Et@;) edanodkaeal; ANt ilbadd 2.
SantaCruz) . ECL plus western blotting kit (Anmersham
I rfc §P HRad S&@@rﬁi‘r OdePe®Eitdn O I o}-efie StdgupPe the

S SHOWDHIFfliQULE Fighigune 1 shows two
el ectrophoresis i nages of right and left inmages. The
fl@lnleo‘M néfod @eplles W@rl@h&ppléuré@rto each lanes; M 1 and

R e SR
Mtecuitar] Beioghtcemar ketnsfected by the combination 1.
Lane Z2: 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 PXC theta- -
myc-His was coprecipitated with immunoprecipitation of
FLAG-KPNAl (arrow in lane 1). Numeric values on thé left
of each lane of right and left sides are molecular weights

(kDa) .

[0061] Fixrst, as shown in the right side image of Figure 1
{(Western blotting with anti-FLAG M2 Monoclonal Antibody),
bands corresponding to FLAG-KPNAl (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




Lane 1: Imrunoprecipitated sanple with anti FLAG

anti body extracted fromcell transfected by the
conbination 1. Lane 2: Inmunoprecipitated sanple with
anti FLAG anti body extracted,fromcell transfected by
t he conmbi nation,2. The right side el ectrophoresis

i mge (WB; nyc) shows that the FLAG-KPNAl IS
|nnunopre0|p|tated (arrow). The left sid

emedaIPRGT HSightnege st ﬁ@A@SPashéﬁéof"héP PRESt fet 40T
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FLAG KPNAI (arrow in lane 1). Nuneric values on th
| fefrimedofcommdlex andhoP R gh@taﬁmyteﬂussudeseaﬂe and

nol ecul.ar, i ghts kDa 06 First
tq? 185 EM% % &é eEP % go f16m89t§ ﬁtbggﬁnthata binds
\Mﬂﬁm ammAlF@AGcMalenoclonal Anti body), bands

correspondi ng to FLAG KPNAI (nol ecul ar wei ght of
about 63 kDa) for both conbinations 1 and 2 were

deorziied, (g F‘r@%ﬂzr yakindd e %al b‘ﬂb%}.%h%ﬁ:ytlg%lon of KPNAl by

|nnunopreC|p tion expérinment. Secondly, as shown in
tH¥E |tdfettasi de i nmage of Figure 1 (Western blotting

i.th c-Mic (9E10 acl onal 0 band
o S T oke SRGEIadoR SToBKE Shatt gpd KPNAL,
weicghth fi talbowti n8sckBasadr Wew pRrifareed) tbokonfirm
conbination 1 was detected. This denobnstrates
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iLpitated. This result confirned that
SRR SRR A T el T e, [0062] (Exanpl e

2) Anal ysis of phosphorylation of KPNAL by PKC theta

i onflrwah!on of |ntera tign_of PKC,%heta
wﬁk&fﬁ thé’i & PPerdRE n&%’él ga;?“\ﬂageﬁé flb’F‘*rrEEfn%SOl oF
Qg&%@%ﬁbs%é@ebﬁﬂ@@ta&hbtﬁhether KPNAI woul d be a
phosphoryl ati on

MSN is publicly known as a phosphorylation substrate of PKC
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-Vi-—
His/pcDNA3.l (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-V5-His).

[0064] O©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-Eis)

were expressed in cells, and collected as immunocomplex.,




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 phosphoryl ation substrate of
PKC theta (Salvatore F. P. e} , (1998) The Jour nal
of Biological Chem stry 273, 3 7594 7603). The
mamal i an cell expression plasm d of human NMSN
protein, NMSN-V5- His/pcDNA3.1 (Invitrogen) was used as
a positive control of Kkinase assay of PKC theta. Wth

tivosdll asidbe MaN can begrexpres3ed-Ln1selit8eaSceded onto 6
protein tagged with V5-His at C term nus (hereinafter

cad ldad s\ \Srddi)ted GR64L7°ON5% heoothwr danthight, and

| uci ferase was used as a_negative control. pCW Tag 2

c?éfr’f’t“rséec(tﬁq &Yag@ﬁél)g FASENEdGocher DiammasTtaRSeel | _
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Iu0|ferase c expressed as protein tagge

FEAB lapMve NABT Mawds condereilnatiser- Voaltied pEDAGSLUC) .
[0065] 2-2) in vitro kinase assay The substrate
protei ns (FLAG KPNAl1, FLAG Luc, MSN V5-H s) were

PoweIIsethf idr aanS.feand oeQl keehed ras clifmMuaec erplrexsed
26 [0066] First, 4 x 10 5 of HEK293T cells were seeded
mnamsaermhmik&héﬁrﬁmmamiom@tswwﬂ o0 for two

Qrerniaht, and {ransteqted by ushng FUCENE(R0E8 010a D-

'ﬁﬂgwﬁﬂdﬂﬂﬂf%g%ﬁgh @EdF%ﬁ@peﬁB@ﬁlﬁﬂCMVS RCWfTagdl Lysis
control, NMSN-V5-His/pcDNA3. 1 [0067] After

Budriete di0omM dadis Pt e wad éxpPr e¥s8acly énghMthaP%DTA/ 1
gxq e o NGURRL On 23k TR P Lok BonRES? 1

en the cells were washe
IPB%a( igivicerogdm)spharted /s Us pentiedvoyy G Snxﬁrcujra@eflrﬂl
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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-XPNAl 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 waé 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 NazV0s/ 10 mM MgCl;)

twice.




mM EGTA/ 1% Triton / 2.5 nmM sodi um pyrophosphate/ 1 nM
bet a- gl ycer ophosphate/ 1 mM Na3VQ4/ 1 m crogranm m
Leupeptin/ 1 nmM PMSF), and left to stand for 30
mnutes on ice. Then the cel};extract was obtained by
collecting supernatant with centrifugation at 14 krpm
for 10 mnutes at 4C. Ten mcrolitters of agarose
conj ugated normal rnouse 1 gG (SantaCruz) was added to
this collected cell extract, and m xed by inverting

t Lo 9 TTher oS UpRY RALAH- MRS pr%@éﬁlc&Ql@ét‘éﬁnb&l frugatizeRe
(Pre-clean). [0068] Ten mcrolitters of the anti-FLAG
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m._xe i nverti tu es for 2 hours at 4C. The
S’aﬂ %égylcélelré@tee FERCERGER IR Ple® agar ose
was: veasihad AN 02 Hy%fa?ﬂ é%oEUfEﬁbaﬁwb%ﬁcentratlon
and then with k|nase uffer (2 Trls HCl pH7.5/ 5 nM
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fln on r tion of crolltters/
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reg/smidacand a51dmt(hre0®—rafy ganae wd2p exPpbBrdand @hd gel. The
mcrolitter of purlfled PKC theta Upst at e)

PEGRIA R £HSSRE6UC SG@ené]“bs emSPteGﬂgl\%a@ands was
eadedat 30C for 30 mnutes. Then SDS sanpl e buffer
was added and the m xture

[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 (cutlined arrowhead), the negative control
luciferase is not phosphorylated by PKC theta. Under the
same condition, KPNALl is phosphorylated by PXC theta (black
arrowhead). The arrow shows selprhosphorylation 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

" phospheorylated band.(molecular welght of about 71 kDa), and
the negative control Luc does not contain phosphorylated

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




was boiled for 5 mnutes. These sanpl es were separated
by SDS PAGE, and the X-ray fil mwas exposed to the
gel. The presence or absence of the
substrate-specific bands was ,gletected. [0070] The
result is shown in Figure 2. Figure 5 shows. the

di agram of the part of the el ectrophoresis imge of
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Plet dEXEOEC A aPTREVSHE OF iB6E 8 RPap fngshal and
gobserved in each lane. Since the positive
control MBN contains phosphoryl ated band (nol ecul ar
Wiieg Hin wfivab@dmdmgkaa)sayaw@s reefoagedi e confish Luc

ORISR R S Bl act oz o

experlnent systen1mas dennnstrated Under this :
condi_tion, phasphoryl ated band of KPNAL %nnlec | ar 0 4
WG o lAbsenSEFUEBaP™ WS GBBEPFEAONTRES SIRPRAPTWRSC 2P

Gl b qg%'cbgsggt%t%hg@pag lL.ation substrate of PKC
theta. [0072] (Exanple 3) alysis of interaction of

KRNAE andiiNEvkapoaB Thet huwiawvoNBrndbpgBassayiwas of

rforned to ¢ f|r peri ntaII eth r KPNA] g B
%ﬁﬁ%ﬁﬁ%&@e it & g;p§§ Iggff] % HgtrucFloH%a NE
RERIRTS 11@GN r@dr&t&@l@ efkprel sadd as precursor protein pl50
(NCBI: accession number AAA36361), and then digested

between 436th methionine and 437th aspartic acid in cell,

producing p50.

[0074] The cDNA coding amino acid sequence for human p50
was obtained by performing PCR with human skeletal muscle
cDNA library (Takara Bic) 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 sequence for human p65
(NCBI; accession number AAA36408) was obtained by
performing PCR with human thymus c¢DNA library (Takara Bio)
as a template. The sequence of primers (p65-N and p65>-C)
used in PCR to c¢btain p65, is shown in Sequence ID numbers

7 and 8 respectively in Seguence List. The resultant DNA



p60 which constitute NF-kappaB It is publicly known

t hat human NF- kappaB consi sts of heterodiner, p50 and
p65. It is also known that human NF- kappaB is
initially expressed as precurger protein pl50 (NCBI
accessi on nunber AAA36361), and then digested between
436t h net hi oni ne and 437th aspartic acid in cel

oduci 50. 7 The cDNA c d|n no ac
e B2 et ook i R ﬁé&gWT&eﬁF‘BFﬁsﬁéoﬁcﬁ@m’r
\@cin mumar s k@ atalagasgl.e  TRNA hiverasy /oravanadBngr- '
as a tenplate. The sequence of prinmers (p50-N and

- M/QC sedHien FPERIiSISs W&iFh 1§28 GHOFEES hDMARTBEPS 25

e v eque T
AR it By AR E e s e BIAUPREE, Bhiea
adde@5@ﬂtenmihﬁm@@6¢%5nemhpanmeen(Aﬁ@bedfwptﬁSmyhO@ESN—
The cDNA c%§ no aci.d sequence for hunm

6 ,
(REBILR U, Aifge s 8 Ead GBERERGd By in

@r@tﬁrﬁr@rlma'ﬂlg JRER itk s tichypas CDNA i brary (Takara
Bio) as a tenplate. The sequence of prinmers (p65-N

and p65-C) used in PCRto obtain p65, is shown in

ce gl yn : Cl LV LN u e
LG e Gt s A i
mersmal | an ceII expressi on vector pCW Tag 2A

Str agen i T - p50/ pCW and
?ﬂ BanpPis EgﬁTc‘%f%gp‘f’% g ﬁ%‘?ﬁé“ﬁd t%sg ﬂ?%fﬁes
t Go ft
1?19:91%%6:)\@& Q n%gﬁg?]S 6@8 ?‘{Jyrylgotdeelt}ﬁ{]t hpca tccﬁga!n%dfected by
N51mQrWmﬁﬂﬁEGE@mﬁ@n@ﬁh@hoeahbed nyatpﬁﬁﬁsreSWectheypes of
[ mral.i an cells were constructed. EOO?%% I n
gro gms each of

I n
ViEPOSEEREIRG ¥8SaP oSt okpRAT With p¥6 X
myc-p50/pCMV and FLAG-KPNALl/pCMV {(combination 1), 2

micrograms each of myc-p65/pCMV and FLAG-KPNAl/pCMV
(combination 2), and as a negative controi, 2 micrograms
each of pCMV Tag control (Stratagene) and FLAG-KPNAL/pCMV

{combination 3).

[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 37°C/5% CO; for two
more days. Then the cells were washed with ice-cooled 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 NasvV0,/ 1 microgram/ml
Leupeptin/ 1 mM PMSF), and left to stand for 30 minutes on

ice. Then the cell extract was obtained by collecting




4 x 10 5 of HEK293T cells were seeded onto 6 cm

di shes, incubated at 37C/ 5% 002 for overnight, and
transfected by using FUGENE(Roche Di agnostics). At

this time, 3 types of transf§§t|on was perforned,

with two mcrograns each of Tyc-p50/ pCW and

FLAG KPNAl/ pCW (conbi nation 1), 2 mcrograns each of
myc- p65/ pCW and FLAG KPNA1l/pCW (conbi nation 2), and
@p@rﬁ@gf@mtvev%mqe@ltﬂiuma@rl@@r &ivs l4eéfé@moff05cw pagutes

ntr trata nd FLAG KPNA1l/ nati o
S B0 e e s POt R g0t ner b oo ISk
\M&ﬁé @ERIRST Uy C el asieleds thr eheish chaggedew tB11
nmyc at term nus. [0078] After transfection, each

ﬁé@tr@l% waRdeXpress &y invendilant [vpbsy f Thehsppernatant was
lﬂg@ﬂéguﬁéc%}ﬁﬂgf%ﬁg%logr R _J g%rgédays Then the

s wer e ce-cool ed S (I nvitrogen),
and suspended in O 5 n1 of Cell Lysis Buffer (20 mv
T“Z’/ pH7..5/ [ 1 mM Na2EDTA/ 1 £
%Tﬁni f‘&’?r/o eﬂfﬁ é’ dittim ﬁﬁt&pﬁ%pﬁgﬁ&fm? fRpijugate

hetaraloree ORRas plialed/ oh taMchNe3\Rkh Lupicehagearl
Leupeptin/ 1 nM PMSF), and left to stand for 30

rilmmes ryrec iindda thesn ofh&yeebs lex IWACE 6\ﬁa§n@1bfﬂapnéa6by and

cqllec ing 30 superna ant Wt entrifug t 14

o S S Pg b S O ren TP fep e ofte ‘darose
QA %Qz%é&@;ye@em&rﬁhga@%e | @ze( 5@@&@@@ #hsWasshed
added to this collected céll extract, and mxed b

ivrivedy 10 .rig mlulee: CEHE éwﬁeﬁnﬁpéﬁ@rméstl@@Blecﬁ@é E?m%le
Rt ngal Lo (L Glean arﬂa%@(%éd %&m;{%gtggg Bbiled

€ antl-nyc agar ose conj ugate

&n&o&ihanmmdm .S UTelen atugtr naftiamitu nepr eeppirbatdobyoBDS-PAGE.
qy nyc- p65 and @yc Luc) and

unoprec1p1tatlon of myc- p50 myc-p65, 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
Moncclonal Antibody (Sigma). ECL plus western blotting kit -

{Amersham bilcscilences) 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.
Figure 6 shows a diagram of a part of the left side of the
electrophoresis of lanes 1 and Z.

Lane M: Molecular weight marker

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

Lane 2: Immunoprecipitated sample with anti myc antibody
extracted fromrcell transfected by the combination 2.
'.Lane 3: Immunoprecipitated sample with anti myc antibody

extracted from cell transfected by the combination 3.




m xed by inverting tubes for 2 hours at 4C. The
agarose- was collected by centrifugati on. The agarose
was washed wth 0.5 m of Cell Lysis Buffer 4 tines.
SDS sanple buffer was added t he agarose and the

m xture was boiled for 5 mnutes. The supernatant was
separated by SDS-PAGE. | munoprecipitation of

EYC p50, nyc-p65, nyc-Luc was confirned by western
h@[tm*g@t\MstlﬁecEWGt(ngb@)feﬁBﬁoéFﬂéﬁél (WRt g6y shows that

( d re i FLAG-.K

e e A e P
NhnnahmmabpéﬁtubadthSIgmayowEChnpﬂaseweéteﬂm bhdt 8i ng The
it am_bi osci ences), was d et ction
0} Hhee BSOS OR: JiiFe SLOB) girevs SR3sKENAL

[ e Qk%ﬁ%kﬁ@ﬂ@b%%bswh%ﬁgﬁ%m@ﬁob&@ﬁhp&ﬁ@th@ﬁto$lﬁ?& p50 in

The follow ng sanples were applied to each | anes; M

Lar® gngod Wcgwee 6rsAens & deageukrsfisalpatense ihand 2)
lﬁﬂaéréid%aﬁme%h%n %%%CE %Qh%&e% %ho&a%%ng% }leﬂq gnd left

ul ar wei ht mar ker

- limadecp el moﬂahada&amp@gmmﬂl1hﬁabl nyc anti body

extracted fromcell transfected by the conbination 1.
Lane 2: I mmunoprecipitated sanple with anti nyc

qiogaqdy rextshacted shoem Gl khkr aagheckedebymbhe of Figure 3
conbi nation 2. Lane 3: Inmunoprecipitated sanple with

difteis iy doithday vk scted f(PEA0¢eMPneraRspécPBEBPIY)
b%%d@%@% n?%?‘ﬁﬁ 3{0Tﬂ§t gt @bﬁ%cggset ageﬁwgfsabout

the nyc-p
IBZC K165 ImﬂM¥@65ﬁMmoﬂ®©uﬂarlaﬁ&gﬁt afeabout 65 kDa), myc-—

|nnun reci |tated gqfroms in | % 8%% %

oG EE FEpRbTeS s%bﬁéa&e%?v%%h & SRBReIpiAPRS 1/
@Pﬁﬂd 9M%%r%06%%%bEbﬁat%@d@d%&rb%ﬁ%@oﬁh@cbﬁ&&@&t?no@fthe
myc-p50 in lane 1 and myc-p65 in lane 2 (arrowheads
|ummqmqyyepymm¢azyon 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 welght 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
order to examine whether or not the phosphorylation of KPNA
by PKEC theta affects transcription activity of NF-kappa B, ?

in accordance with the following procedure.




Nurmeric values on the left of each |ane of right and
left 1inages are nol ecul ar wei ghts (kDa). 10081]
First, as shown in the right side inmage of Figure 3
_(V\éstern blotting with c-Mc §9E10) Monocl onal

Anti body), bands corresponding to nyc-p50 (nolecul ar
wei ght of about 52 kDa), nyc-p65 (nol ecul ar wei ght of

65 nol_ecul ar i ght of about 62
SRR, SO R A Bl e oot o

denoIst naismg:etlh_% val i d| ty of the immunoprecipitation
experinment. On the other hand, as shown in the left

sﬁ%éh%&@@%fﬂ%lgﬁjrf@%t@wwt@roﬁsﬁﬁg wiyghrat, Clone E6-
t b ,
oD (R R e enegt shRdib Rt apgopeRit o

ccmﬂﬁmd d1os he ramchi2 lwas agettdet dalrkand cied 1tshe wasgatsiede  The

nt.r i,nation and corre g
e e Bttt Lo AP lia o Gt cored s
B8 vede st AlRmmal AG PN (o Rt e BP! &% dMgRerally
C-P5O and nyc-p65 in cells. This results confirmed:
t

REPNAICHSiln e L 1 tﬁﬁ’INIaﬁl@ép'ﬁ&Bg & @@Illls actgggzfon in
(]_Ee_)g%[g}l | QR pp Iy ri-pt
“actrvi ts;é 3-'ue®tﬂf)te'}L téls Kor Iaﬁlgﬁl o?m %Xftl g?%% I {2 Gene
tehgp egciifogr.as @51 mé]reommeﬂcaa:smy_lwas pPEer ftaenead [E{E’NAdlr darl NF-
0 exa ne whet her or, not the phosphoryl ati on of KPNA
gﬁ? ﬁ‘&e SXFESSEYr anscription activity of
NF- kappa B, in accordance with the follow ng
procedure. 32 [00831 4-1) Materials for Experinents
4—09311)1 HENSEATICE 188 Pe EiSEsedPrRs Plopmine pépdetdie PKC
r n 6- syppli I, |ppon
a%)réagjel#t :ic%f:t%% %E% t,hjetg #@r kdegﬁtafl %g]r glgrjl_ eI ow as
PFE Thekat iceldospowasl vfedwoThemains that are the

regulatory domain and the kinase domain. Usually, PKC

theta is inactivated in terms of & phosphorylation enzyme

in inactive T cells. This is due to pseudosubstrate region
(2 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
diacylglycercl, such a messenger binds to the.reQulatory
 domain, which causes structural alteration of PKC theta,
and releases the regulatory domain from the kinase domain.
Consequently, PKC theta is activated as a phosphofylation

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 region with glutamic acid results in the

structural alteration which is equivalent to the



Jurkat cell is a cell strain established fromT cells
derived froma human wth acute | eukem a, and
generally wused as nodel cells for analyzing T cel
activation in response to angggen recognition, in
particular 1L-2 gene expression. In the Jurkat cells,
PKC theta, KPNAl and NF- kappa B are expressed [0084]
Constructi.on of Expressiqn Plasm ds of Active

IR Rt 157 ISR e o (o el | 20 eEBTPEePKRKC theta

thelre dre LU iofhd1wry demBikes thialy aRS tRkReconstantly
regul atory domai n and the kinase domain. Usually, PKC

tahiéllafa’@d I%eEC 8l M@@hownl@wnofenaym%spﬁ@r yuakiagncells in

Ctl ig %@lrex-ygs%eﬁﬁ a%%lv%tlon of IL-2

pseu os&%stra € reglon gi-on hdvi'ng a séquence

Whizeis drs pai i atart @dde: sSequenetoaft hamubstioat euch as
PKC theta) in the regulator% domai n whi ch thrusts

iAo I TEROASE- R P l6rRe Rifase L ldaa RBioLeay 1996

i bidt ahyhe dadnage yactivity. However, when T cells
are actlvated and produces i pid nmessengers such as

di acyl gl ycerol, such a nessenger binds to the

Rl ot S %O'E%'o” WD ERURE RO LT dh! €131 LN
he rel ' eases the regul at or mai Fom
tHxe Mh@asekd@mmemdom@amsequeepﬂ¢claﬁcthbeugsuse residue

activated as a phosphorylation enzyne, for
WF&HSﬁF@FPﬁ@EsF§ﬁ§ﬁ§soﬁnTl€€PFl§€F19§tF@ﬁreP608§]tPK@S of
Hﬂﬁ;%h%%%%b&%ﬁa%ﬁo%ogn%ﬁﬁgo agind %ﬁ%h%@e§951duﬁ plays a

Repl acenent of the 148th al ani ne chisin
podgd douldsineatte tm@guoanewttartlghupémeﬂmu pheepbbte gmoup of

h I whi ch, h
PR e st b B Skl 4P LRGP et br &0 Do

BIKG sinetrd 1 algeef.er red itso khekel rbakowtasrBkcrbhebacAtheta

L gonstantly activated as a phosphoryl ation enzyre
KR) can not smoothly pass the phosphate group to the
substrate and is thus inactive in terms of a
phosphorylation enzyme; and that Jurkat cells in which PKC
theta KR is overexpressed do not activate IL-2
transcription even 1if stimulation such as antigen
recognition is applied, regardless of existence of

endogenic PKC theta (Molecular and Celiular Biology 1996
Apr;16(4):1842-50.).

[0087] In the present experiment, plasmids each expressing
any one of PKC theta AE and PKC theta KR were produced on
the basis of the aforementicned findings, since |
transcription. activity of NFFkappa 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




whi ch PKC theta AE is overexpressed, activation of
IL-2 transcription can occur even without stinulation
such as antigen recognition (Ml ecular and Cel | ul ar

Bi ol ogy 1996 Apr;16 (4) :1842450 .) . [0086] It is
known that nutation of the 409th lysine in PKC theta
ki nase domain by replacing the lysine residue wth

n Its |nact|v i on { hereof ernms of
S B ok sy e e S el aie B a6
m@ﬁ@m redt Wwhemkigntatddmsfs daMBPphesphati®ding assay
group of the bound ATP to hydroxyl group in the

S I?Catféletf@ verd FRAEEHor yITatcedypes iof khewrleladds were
;ﬂ&L ﬂgcv;a@e;)%eciﬁﬁ:\éld’]%l} nstrlgtﬁ"u% %nmq.lttect q.orneq.nto DNA
erelnbe

ow as can not “sioot h
temes quhiosp heit el -grygiep BKE: m@teﬁﬂb&lm @uamtcmsnt;buslte—
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inactive in terns of a os ho y rg&qgce quth

e Sk At e ane sis mtch CogeREd KR i

QI 635 Aol aGhid &lRnidicd WlifdN A iRk @N sV en
if stimulation such as antigen recognition is

ﬂﬁﬂﬂQﬁfaié@a@@n@m@bﬂ1Q%w%ﬁéﬁ@ét@ﬁtaeﬁ@cgyﬁralﬁxgc DNA
t-het I II I 1
g}el)al%‘ﬁ%i 2:81% e h%FKOES’g% cg‘ldgr sengﬁ%glg %ﬁt,ﬁogth

_my&snkﬂsueachr@&mnassHm@fe&&deﬁ@ @erKﬁbéheWaaAEPamdtheta
PKC theta KR were produced on the basis of the

TSRS - SRt @M IPaRGar SERYRTEE: PFi BYC

e kappa Brae e Begmaswed het PxrichthBeaSskat €n sEg 1D
wher ei n KPNA1 is phosphoryl at ed by PKC theta and in

¢ 1$k.at e wherein KPNAL i s not phosphoryl ated. [0088]
Construction of plasm ds each expressing any one of 34

PKC theta AE and KR was performed with PKC t heta-nyc-
HitsY88dDNA Wb sk auieintl ywa s cal saalided ekapreks ivnv o fhPREA npeta AE
%&%ﬁ&R in mammalian cells, the expression vector was
changed from pcDNA3.l/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/pcDNAB.l and PKC theta KR-myc-—
His/pcDNA3.l 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
into pCI vector between Kpn 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




of PKC theta and KPNA1". Two types of the plasm ds
were produced: one was produced by introducing
mutation into DNA encoding wld-type PKC protein with
Qui ckChange Site- Directed Migagenesis Kit

(Stratagene) to replace 148th alanine in the am no
acid sequence with glutamc acid (referred to

her ei nbel ow as PKC theta AE-nyc-H
tHETGHeP M Frdduddd Ib?NFeéﬂaé’aan&’tlﬁé’ 4@§trﬁtlayg§|“ﬁé was

Wird ) A NI nG: (rafse &ﬂ%%nrﬂ hereinpahew as Benthetd « -
KR-nyc-H s/ pc DNA 3.1). The am no acid sequence of PKC
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pcDNA3. 1/ nyc-H s to pCl vector gﬂﬁtrorre ga). Thiis vector
ot s TAItETEss | ypedddded b F@ﬁorﬁﬁ§| PilegaEdd PNE-

q@ﬂﬁ§$@ﬁQHkpkohﬁ%l%%h%ﬁﬁﬁ%kﬁﬂﬁﬂﬁkﬁEonr%@goﬁu%%nwhlch NF-
cytonegal ovi rus, whi makes expression of the gene

ﬂ%ﬂnﬁﬂ@%éﬁldbMﬁ§Eréaﬁmﬁh@récmdﬂﬂger§gabhé aaddhithe firefly
: I ch t het a AE- H_s/ pcDNA3. 1 _and _PK!
%]éifqaﬁ % e%ﬁ.SF g% %rea
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I RGh Y %‘g%%nb%\&e%%t@p%s t$le t%r%ﬁ@c?%t&oﬁ' E%tlvator
thereof. © Thus, PKC theta AE-nyc-H s/ pCl and PKC t
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the reporter plasmd for detecting NF- kappa B 35
luciferase inserted downstream thereof

[0091] As the plasmid capable of expressing KPNALl in
mammalian cells, FLAG-KPNAl/pCMV, which was also used in

"In vivo binding assay of PKC theta and KPNAl" was employed.

[0092] 1In order to conform the total DNA amount upon
transfection, pCI vector which was used for incorporating
| PKC theta AE and KR, and pCMV Tag2 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 FuGENEG (manufactured by Roche Diagnostics).
As the plasmid DNA's for transfection, 190ng of pNIF-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




transcription activity, pNF-kappa B-Luc (Stratagene)
was enployed. In this plasm d, an enhancer sequence
(5'- TGGEGGACTTTCCGC-3', SEQ ID NO 11), which is
necessary for NF-kappa B to @?rk as a transcription
activator factor, is repeatedly inserted five tines
upst ream of DNA encoding firefly | uci f er ase. That IS,
t he reporter pl asm d_pNF- pa B-Luc contains

§gﬁhéﬁ€%”@@rlP@gPéhFP@QN%RH%leCMNaﬁﬁQ 'CMlnEQQZ %ere used,

(e kanpa B HiddicRd heened) upahd theithkoehhb¥. variations
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pl asm d containing a pronoter sequence of thym dine
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hRCardReGakl Ag +KENAL, W%r%aﬁ%QQatéso@%s%%pgglﬁgggh?§ﬁe

inherently existed i'n the cells were used
:niﬁ§e¢fv@auhapb¢euneﬁmewetmﬁ@@@b&tednrw1L2 ®E€0hg pfaPEC

s UL Yoo oL Querty ghhy ThED, 20! BELLOM 51 aeive

Bladgrlé@SblfCS‘.he oAg skhe valiass 6beIAherf @bmbliﬁﬁﬁﬁaﬁtsl @Bre
- 190ng of pNF-kappa B-Luc 10ng phRL- TK, 400ng of
&elirdl agRe ot opRE ety thE—#} @Hﬁ§ﬂﬁeloérfPK€fﬂﬁeta

ﬁ%ch%rﬁ%%/ggbregggd4ggﬁgna ing 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.

[0096] Single expression of PKC thete AE which was
activated as the phosphorylation enzyme results in six
times higher NF-kappa B transcription activity than that
with PKC theta AE 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




36 the conbination of FLAG KPNA1/ pCW and pCW Tag2
were used, the total of which anobunts up to 1

‘m crogram Variations of anmount of FLAG KPNAI/pCW to
be added were made at 0, 10037200, 300, and 400 ng.
When exam ning the effect of 400ng FLAG KPNA1l/ pCW
only, 400ng of pCl vector was added. .[0094] Adter

t nsfectlon cultivati was _f ur.t her rfor
e W B ATEadE RGO or TiReEpphenoRena ere
Sust eFgmAaactur-ad o QREGIbrfsisiehl bl p&icf @hasa kr

activity and Renilla luciferase activity were
ey d@. mﬁh?étwart@fq P (dief has@haevil@itiprnwgs 28imei degether
i Vi l.cul ate of fset

véluesﬂdﬁ? %sﬁ%%bégg%ﬁggﬁ %afﬁgnsfectlon

w th 400ng of PKC theta KR- nyc- HIS/pCI and 400ng pCNV

T ein rel atj val.ues of the offset val ues _of

SRR ki n e SRR R At ST L LEG g Py CORES med

iRy air- R Breldotivivg Herase exphessegdrdependicigator
on the transcription activity of NF-kappa B. The

ebdp @nhgrvesl wer @ persidrimed KERAL' ismpd nidadepérdEREl yheta and

I r e ion were also
3ﬁg’ﬁﬁ§}§§%t?%%b§%- egﬁrgg'%F%e%gggph of experinenta
results of averages Mﬁth standard deviation is shown
in Fig 7. [0096] Sln pression of. PKC theta_ AE .
Tl 526 asad S ChE BROSHG: fabroRPARsy R o 4, it
1S Whig®ydstedl Xhald ras%% %Ifgg%rthNFylsaeeé ELLQa@%%etsllea may
activity than that wth PKC theta AE al one, which
preoves faddgwscy Fofrstthe , &rpéddi, n@hﬁalprgyt@tl@mfom turs?lnsportlng
380 demonstrated (hal ;60 Gxpressl 0g oL BKELNEE3 AR 1ne

nd K reSults o elevatlon of * tran?cn
@mbswﬂdrbetNBﬂk@ﬁp&PEA&Slbb@sekbréﬁsu@ﬂent 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]

[00992] The present invention is applicable in
biotechnology related industries. The present invention is
suitable for use in medicine/biological 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 (KPNA1l-N)




of KPNAl increases. The expression was further

. elevated to 37 6.4 tinmes that of PKC theta AE al one.
These phenonena were not observed at all with
co-expression of PKC theta KRggwhich is inactivated as
t he phosphoryl ati on enzyne together w th KPNAl1, and
expr essi on of KPNA1 al one. [0097] Fromthe

renentl results i.t was i rned that
gf-eq?eﬁl ble\ﬁ fy REYKE tﬁ%ﬁ@g “btion activator
ISﬁecﬁﬁiﬁi@&@ amm;erxewl tHramePNpLos i nding to PKC
t heta and _phosphoryl ati on thereof by PKC theta.
[SFCST O 1oh &BRSITs Oof ptrﬁélelres(@ﬁtoscéf Exanples 1 to 4,
oqich RGP THADANIL onanel: RgRuRyS Tor |L-2
expreSS|on may be ows: "Firstly, KPNAL, the
preofueineef @D Mﬁwor&l pg imerans®bi-pti on factors into

I | ated. Th hosphor yl at i
1D MR 2150, 105, Wengiony ol Shers sn
"-‘l%d@@l@@ BD NorkappaoB iamihbencitarsposhed ofnbact keeta KR

‘nucl eus in forn1of this conplex. It is considered
ﬁW@WePW@réDW§%m&§Q p&ORREY Sitn SRAVERCEhe INFF -kappa B
transported into the nucl eus pronotes transcription

of 1L-2 gene. [Industrial Availability] [0099] The
present invention is applicable in biotechnol ogy
related i ndustries. The present invention is suitable
for use in medicine/biological reagents devel opi ng

and manufacturing industries. [Sequence List Free

Text] [0100] Sequence I D Nunber 1; priner (theta-N)

Sequence | D Nunber 2; priner (theta C) Sequence ID
Nunber 3; priner (KPNA1-N) 38




Sequence |1 D Nunber 4; prinmer(KPNA -C) Sequence ID
Nunmber 5; prinmer(p50-N) Sequence | D Nunber 6;
primer (p50-C) Sequence | D Nunber 7; primer(p65-N)
Sequence | D Nunber 8; priner(p§5-C) Sequence | D Nunber
9; am no acid sequence of PKC theta AE Sequence ID
Nunmber 10; amino acid sequence of FKC theta KR
Sequence I D Nunber 11; enhancer sequence of NF-kappa B
39 Claims 1. An inhibitor ofiptBFein-protein
interaction inhibiting interaction between PKC theta
and KPNAI. 2. An inhibitor of protein-protein
iInt er dex iiod ildttidy oifh g rotstiorpevited nbénween cCKPRAl iahdbiting
F-ka B. 3. A0 inhibitor of _int i on between PKC
Eﬁéﬁg%%%&%nK%ﬁ&ﬁeggaigg%n Fgﬁtgpgbgkﬁéﬁdbtained by
exam ni ng whether the interaction between PKC theta
and KPNA1 occurs in the presence of PKC theta, KPNALl, = .
&nd c@ﬁdH@@ﬁ@IGGHbéﬁhﬁgcﬁﬁ&@FprPﬁ@180&@¢FF6€§18PIé%ﬁﬁ@ltlng
| QI ACH 10 RRideeh Rfkathela andiakBNAL, and
sel ecting a candi date conpound show ng inhibition of
the interaction. 4. The inhibitor as set forth in
| ai m,3, .wherein said. PKC theta is.a kin havi.ng_a
st a0t SRR At 1B rastion, §E Bt 2RE, HREET -
IKPN@1gClsla@r Qeharan okPNAlL ngndbhNEikappdy Bxamdhdng whether
i nhi bitor being aobtained by exam ning whether the
e LG G OB IRPRAT KendRE 2K 8Ha "ENBACGFSUFR e the
presence ofr KRNAlL NE- KapRa 1B -aRd ccandiudatke -6RBBAHAYS under
under the conditions allowng interaction between
KPNAToand t iRk adgawBroandteebettpngbatwardi 8dCetheta and

%%%%ﬂqn%n%h%gl%%ting a candidate compound showing

- inhkibition of the interaction.

4, The inhibitor as set forth in claim 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 KPNAl and

' . NF-kappa B, and selecting a candidate compound showing

inhibition of the interaction.

6. A method for detecting an inhibitor of interaction
between PKC theta and KPNALl, sald method comprising the
step of examining whether the interaction between PKC theta
and KPNAl occurs in the presence of PXC theta, XKPNAl, and

candidate compounds under the conditions allowing




inhibition of the interaction. 6. A nmethod for
detecting an inhibitor of interaction between PKC
theta and KPNA1l, said nethod conprising the step of
exam ni ng whet her the interacgjon between PKC theta
and KPNAI occurs in the presence of PKC theta, KPNAL,
and candi date conpounds under the conditions allow ng
40 interaction between PKC theta and KPNAL, to detect
AT EHT daTe ROMFEIMEEShdhietg emet Bt dn 3P drgect a

'dgﬁﬁfﬂgﬂénbdﬁiodﬂﬁaéH@Wﬂﬁd‘yhhiﬁlﬁgﬁi It QL% a88ton as

forth in claim®6, wherein'said PKC theta is a kinase
Had ngielkcidiest.ant phosphorylation activity. 8. A
nmet hod for detecting an inhibitor of interaction
bet ween KPNA1l and NF-kappa B, said nethod conprising
t7he S[Uﬁp iafh iexiaramiang sehetthertht he idltamaet, i aheketineenid
theta and NF-kappa B occurred in the presence

(ﬁKQ<§Nﬁia-N§ @a&&&age Qﬁ&léghéi@épét@@ﬁp@@ﬁ§§ QFgeption
the iconditions allow ng interaction between KPNAL and
NF- kappa B, to detect a candi date conpound show ng
i nhi bition of the interaction as the i nhibitor. 9. A

tectlon for a |b|tor of ractlon bet

St R DR R LD R B s Lt
- Sdmme)émgmmmlaelcamm&law wpglawdnglemml eomp@isThg the
detection kit for an inhibitor as set forth in Caim
& Laph &rfeisaguind KO NERECE $BSp LIt 2S4iere be§wgen KPNAL
MaEhar LN NAG-PYl waueleall 4o ¢l B RKGAENBEAkpRRY, Np-
sald KPNALl supplying sanple Is a vec or cont ai ni ng
@@Imucﬂ,e@tndje:acwdag:eKlélepoubﬁs Theleki tthas ceatliftapnls
'51f§#¥d8 f%ﬁg}ac ‘ion %I %%e%a%%NAl and NF-kappa B, to
detect a candidate compound showing inhibition of the

interaction as the inhibitor.

9. A detection kit for an inhibitor of interaction
between PKC theta and PKNALl, said kit comprising PKC theta

supplying sample and KPNALl supplying sample.

10. The detection kit for an inhibitor as set forth in
Claim 8, wherein said PKC theta supplying sample is a
vector containing polynucleotide coding PKC theta, and said
KPNAL supplying sample is a vector containing

polynucleotide coding KPNAL.

11. The kit as set forth in c¢laim 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 KPNAl and NF-kappa B, said kit comprising KPNAl




PKC theta is a kinase having a constant
phosphorylation activity. 12. A detection kit for an
i nhibitor of interaction between KPNAL and NF-kappa B
said kit conprising KPNAI 41 gupplying sanple and

NF- kappa B supplying sanple. 13. The detection kit for
an inhibitor as set forth in Caim12, wherein said

KP suppl yi ng sa e 1S a vector containin
SOTRIGH EbTH koditiy EPRAPDS ndeR d e RaBbaea
supplying sanple is a vector containing polynucl eotide

codi ng NF-kappa B. 14. A nethod for devel oping a .
el cife dflrsdtian Zdd Bpr far indridg tdirseoven. fo3thAin

methad f-or devel.qpi I.Ci haracterj zed .hy

O o R P B i SR P pprogeo
famtadmigglisdorargl.eotide 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 method for developing a medicine characterized by
targeting the interaction between KPNAl and NE-kappa B for

drug discovery.




