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biology and immunology. SiiIIy, th inent reles o sthma and
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asthma patient comes into contact with."an allergen or something that
irfitateshhis laemehy snthe pomavsysbyorétrictdee., the muscles around the

walls of the airways tighten), making it difficult for the patient to breath.

The lining of the airgayshegemaipfamediHerpine o] production of
phlegm and other clinical manifestations of allergy. Other clinical
manifestations of asthma include shortness of breath, wheezing,

H@ﬂ%gng ARG erestHgRITRREANA BArPacEME iSRRG BN
AN AT .%g@ﬁ@%ci@i‘}‘?éﬂé’\éﬁ‘&'&%ﬁ%@aﬂ%@ﬁ%%%}{&%‘én%%%wfor
the symptomatic bronchospasm and pulmonary inflammation, there is a
Hienting 2stamemess of the role of long term airway remodeling in

rate deterigration i i i j fers to
e o e e R e o
nhvofibieitast by pecplasiat @piddodemefaplasiapbubepitie kdsfibrosisandl
matrixq? osition. The rocesgﬁ o] {:tivelﬁlresufl)&in l{{) t%abc%HtaS O%a are
ﬁ%ufé’@ﬁ.n‘gp&rfﬁapé’.?\?v%’y?ﬁ%% &8s Of" fatal asthima, Depite the " o>
cengiderablerpiogreas dnaifhasdieevhmadenias tlucidatitigritheomes into

athophysiology of asthma, the prevalence, morbidity, and 1 ,
gonta t \x‘?tg agyaﬂergen or some%\?ng t ateirrrlrt]atesqx% egrways,—the airways

constrict (i.e., the muscles around the walls of the airways tighten), making it
difficult for the patient to breath. The lining of the airways become inflamed,
leading to the production of phlegm and other clinical manifestations of
allergy. Other clinical manifestations of asthma include shortness of breath,
wheezing, coughing and chest tightness that can become life threatening or, in
some instances, fatal.

{0004]  While existing therapies focus on reducing the symptomatic
bronchospasm and pulmonary inflammation, there is a growing awareness of
the role of long term airway remodeling in accelerated lung deterioration in
asthmatics. Airway remodeling refers to a number of pathological features
including epithelial smooth muscle and myofibroblast hyperplasia and/or
metaplasia, subepithelial fibrosis and matrix deposition. The processes
collectively result in up to about 300% thickening of the airway in cases of
fatal asthma. Despite the considerable progress that has been made in

elucidating the pathophysiology of asthma, the prevalence, morbidity, and
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WO 2005/062918 PCT/US2004/043281 mortality of the disease has
WO 2GpEpesdéd during the past two decades. The latest availaFeTdesalindici
that about 20 million people in the United States, and more than 150
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wigHs i Ao dicritelirat s yed e saMRelsrthe vrimsecinatirhiged

molasyiar interastions thatgontribute to the inflammation observed in
asthma, significant gaps of knowledge still exist. 20007] As a result of
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fithe. Othértreatments lose effectiveness after being used for a period of

loes] Additiohally rsomeediugsedikehdarticostenoidsohaversevarensisiex
ef@gts whijcrg%li it their chronic use, There is a clear need, not only for an
ale

3584 PURHEFACAIOHR §6F AStHRBUHERISS fBf AiRmation

Senelici@iastiaaheanauiicssdhe JREENKYENLAN addresses these
{ee?i -2 SUMMARY OF THE INVENTION 10()()81 The present
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asthma. Accordingly, the invention provides methods for identifying agents

RS o e aHB8 Datenvar v bes Raieang powe Eetfedieny fiom ideal
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endogenous PKC-0 protein expre S|on ingly,in afirst
iaspeetethndhvatiior ieweitessy method forasthma for a short period of time,

Other treatments lose effectiveness after being used for a period of time.
Additionally, some drugs, like corticosteroids, have severe side effects which
limit their chronic use. There is a clear need, not only for an increased
molecular understanding of asthma, but also for further beneficial asthma

therapeutics. The present invention addresses these needs.



identifying a modulator of a PKC-0 protein, comprising (a) contacting a

PKC-O protein; or a. functional fragment thereof, with a test agent,

wherein the PKC-0 protein, or fragment thereof, is obtained from a
prokaryotic cell; and (h) determining if the test agent. modulates the

kinase activity of the PT{C-@IW' or ' N nt thereof,
wherein a change in the kin Vi ‘ i, or the

fuednal freigmesictiensofitintirebprederideasf thedgsbagentisdnaicatikeovery
e e B B R T ST e . nting
agénmaefstivedoghe tilosencetiohthetedtagetito {00dOiti¢ntEying agents useful for
2mbodiments, the modulator of a PKC-O protein that reduces the kinase.,
e s e D e G g el
thenpoimin sointe kmbadim enlls, Ithéimpdulagen of aPRKO G preiaiexdhatsion.

[ es the kinase activity.is an activator of the PKC-0, protein, or tEQQ
O s A Hr ot Th Lo e A T Wy
R@i0yproteinaéduces thePkiiaseaatility ahiires K G O@rateing a.PK C-6 protein,
functional fragment thereof, by at least two-fold. g%g)l,l] In certain .
ShibBATRISHES, (e e o NG PRt Stk -0 et
empadimenisothe BIKGRPraein is-akdunetionallyani@mt i AduwiHenoth the test

PKC-0 protein. In particular embodiments, the functional fragment is a
L RIS ORI 00151 S0 B BOBAESAE CORAERAG Stgpent
i &8 EIth S RrQVIciRGan BRI B Af e BKE-OREEINoPIHDGinctional

functional fragment thereof, and the test agent. In certain embodiments,
fhacragetidi ki ds Micachemar Bsniprisigaisdbiceritiansn oindadatonal a PKC-
15 SRIRGEUEQMA RS HHRIARCANS $HO 3 VR 2PARPEIRIBses comparing the kinase
PCT/uS2004/043281 of 50 mM-100 mM, 100 -150 mM, 150- 200 mM, and
200v 195019 (ehacesbread Ve the Preiedlal @misstiaetits, the
e, tratigy %’ﬁ‘@&hﬂ:%&%@ai&%{'tﬂ@%?&ﬂuﬁﬁt§9&% 9@8‘—)@1'&]&&%%&? redyces the
modulator of a PKC-0 protein is useful for treating asthma in a mammal,
Suptsagcal Niimann inlsbrte efribe dikiertte; oo astihndisdgEa édigtetht thereof.
sthma. In particular embodiments thod further includes :
S L R ol Wi Tt S hnase
modély wheraci tesiragent taCshewscan thareasedirifisaty dmdhalibredton some

or in vivo asthma model as compared to a control agent is identified as
88113&45@@&}[3f&%ﬂ@&f}}%ﬁtgwﬁﬁﬁ@'@ protein reduces the kinase activity of the PKC-

0 protein, a functional fragment thereof, by at least two-fold.

[0011] In certain embodiments, the PKC-6 protein is a full-length PKC-6 protein.
In some embodiments, the PKC-6 protein is a functional variant of a full-length PKC-6
protein. In particular embodiments, the functional fragment is a PKC-6 kinase domain.
[0012] In some embodiments, the contacting step is effected by providing a
reaction mixture of the PKXC-6 protein, or the functional fragment thereof, and the test
agent. In certain embodiments, the reaction mixture is in a buffer comprising a

concentration of NaCl that is selected from the group consisting



[0014] The PKC-g protein, or fragment thereof, is obtained from a
WO 20035@Ratyotic cell, such as a bacterial cell (e.g., E. co/i). [BCTB]$p0samEes1
embodiments, the contacting step is effected in a cell. [0016] In certain

badi ts, the kin actjvity of the PKC-0 pratein, or the functional
O by e RO S o 61 he B ook o0
mfdndtigratfragmentibeiatints, sRMe-ABBRLIMSAtSt tNBC] is 250 mM.
autophosphorylation of the PKC-0 protein, or the functional fragment

[0¢hdleor, Ipsente ombpdimanisadie residuBISER KNG predtetied i
fo GNP SRARSISNG matnsraqrigl&cﬁegg%ﬁmﬂs'méﬁ% Ségﬁba%%%%ems,

residue at position 685, the theonine residue at position ,
thetaetbaireis dgltineediapeditehi5e6. Iim particular embodimentss, the method

tophosphorylation. occurs the threonine residue at position 538 of .
B R R s e SR I PRI B0 Mheiiags o bioo
astiontaotindether K€ Dtgsratgimtahthe fivnalienahiragrentitierrgfinte the

.fest agent as well as a PKC-0 substrate. In certain embodiments, the
vlﬁ%&%&@éféﬁ%@%ﬁﬁ&%@ﬁﬁ%&?ﬁf%@ iR rerRbsHAgRRIReeMETed s

belilﬁg gb@ﬁghgf}f@é@ﬂlgfﬁ%&c- 0 substrate. In some embodiments, the
PKC-0 substrate comprises an R-X-X-S motif or an. R-X-X-T motif,

[0GiAErein' RS At Ok thrP b aEmkNBRAT ainiAe bigin st Gampermyaryotic
cAmnRRad, Biseaie.and I lsiysgnine. For example, the PKC6

substrate may have an amino acid sequence (based on the universal
[0g18gle |Smeromncinoboidivotiey séle clent domg seéegr daipf barisibiing ofll.

0 Rk Bl RSN 15, RRRFSHARSERSED 1 RO B i o
thQHRERRR YN EDE RO ki M%ﬁsi%%m%&%ﬁw RN ES),

LSRTLSVAAKK (SEQ ID NO: 19{, AKI SEQ ID NO: 20),
Pr%m%@emt@é%mnz hereRERp BPRIE ¢BeEdIB NG tho),

ORI AR O AT BERURNS, o
OCTYR AB YIY RKGBG {SE QeHiNoOo LIF (K TR RIS A RQIQG(BEQUDHNQ@ras),
R SESIRIS  EBE R R
685, the threonine residue at position 538, and the threonine residue at
position 536. In particular embodiments, the autophosphorylation occurs on
the threonine residue at position 538 of SEQ ID NO: 1. |

[0017]  In some embodiments, the method includes contacting the PKC-8
protein, or the functional fragment thereof, with the test agent as well as a
PKC-6 substrate. In certain embodiments, the kinase activity of the PKC-6
protein, or the functional fragment thereof, is the phosphorylation of the PKC-
B substrate. In some embodiments, the PKC-8 substrate comprises an R-X-X-5
motif or an R-X-X-T motif, wherein R is arginine, X can be an unknown amino
acid or can be any amino acid, S is serine, and T is threonine. For example, the
PKC-8 substrate may have an amino acid sequence (based on the universal |
single letter amino acid code) selected from the group consisting of
KKRFSFKKSFK (SEQ ID NO: 5), FARKGSLRQKN (SEQ ID NO: 6),
FARKGSLRQ (SEQ ID NO: 15), KKRFSFKKSFK (SEQ ID NO: 16),

-4 -



ETKKQSFKQTG (SEQ ID NO: 33), DIKRLTPRFTL (SEQ ID NO: 34),
APKRGSILSKP (SEQ ID NO: 35), MYFINSSQKRH (SEQ ID NO: 36),
MRRSKSPADSA (SEQ ID NO: 37), TRSKGTLRYMS (SEQ ID NO: 38),
LMRRNSVTPLA (SEQ ID NO: 39), ITRKRSGEAAV (SEQ ID NO: 40),

EBROEESL GER IBNY 8y NS PR SR oo i,

ASGRRIMKNRIY(GEQIDNID 25\ KIRTDRKOR RS (SED mmmne)

FRS%lggﬂfé g%@ﬂ%) %)'} }g/g%%%@g @Eésgig) gcﬁ:gz

lfmmsrsﬁﬁm(mzsmmgmmm maagz)

NSRRPSRA (@% D NO- )§ NKR W@Eg@%)g

OHRRPSHEK/AE (SEQ ID NO: 58) KIRRRYSHN @IS (FFEQIONGO2%9), and
RABKTAREAN (S50 DN 60 QR segte sy ppisy e

PKC-0 protein, or the functional hereof, is In acel suc as a

QAN SHTGPREDSER ERINPOID) ﬁq@w@sa@ém@dmmm
proNidess ey sfenigdsntifying) ammwﬁ@@ K& DRGeIey),

com |S|n a contact a cell expressing a PKC-0 protein, of a

@v@lﬁﬂ MESAG R RArBIH /R NIC3B)protein,
@tﬁﬁsmgmme@w Abainessirom arraaeis ek (8. 35)

determining if the test agent reduces the amount ofc(f%nc ional PKC- B

SRR YhE &N (WHRrEMN Qe3P h JERKRSGE ALY S TR Fhbiehtiéh,
fgepmnﬁt%@pmgmﬂ@IN@@WIBQM@E@%@%@Q%% oh3

Fa‘]g)mtem In some embodiments, the modulator o f a PKC-0 protein

for Heating hEthiva: A MERRTE AR S TRMAN A 4bme

embadioTens; ke astimmisies lgf - me@t@t@méttm@(é@@q@w@%
embod}egientlsé/the method further includes assessin g he eff|ca of the

GrFGRAPIN G Tilo WRAR Mol t that
showssanRrareasedaffioacy mtlevrvv}tﬁtspmﬂ@vcsgghmm@@d?l as

e R R S S LS s of
nCRIcASIP eSO enaudingpihs YUGHODAIRKE (Qmrotsinin: the cell. In
T A (GRS S AE T
GKRRPSRLVAL (SEQ ID NO: 58), QKKRVSMILQS (SEQ ID NO: 59), and
RLRRLTAREAA (SEQ ID NO: 60).
[0018] In some embodiments, the PKC-6 protein, or the functional fragment
thereof, 1s in a cell, such as a mast cell or‘a CD4+ T cell.
[0019] In a further aspect, the invention provides a method for identifying a modulator
of a PKC-8 protein, comprising (a) contacting a cell expressing a PKC-0 protein, or a
functional fragment thereof, with a test agent, wherein the PKC-0 protein, or fragment
thereof, is obtained from a prokaryotic cell; and (b) determining if the test agent reduces
the amount of functional PKC-6 protein itl the cell, wherein a test agent that reduces the
amount of functional PK.C-0 protein in the cell is identified as a modulator of a PKC-6
protein. In some embodiments, the modulator of a PKC-0 protein is useful for treating

asthma in a mammal, such as a human. In some embodiments, the asthma is
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certain embodiments, the functional PKC-0 protein is in a cell, such as a.

mast cell or a CD4+ T cell (e.g., a TH2 T cell). [0021] In certain

embodiments, the agent reduces the amount of an RNA encoding the
functional PKC-0 protein. In some embodiments, the agent inhibits

translation of an RNA encoding the functional PKC-0 protein. [0022] In a
further aspect, the invention provides a method for identi%gg an agent

U rNadn trd Ay Hsthrhar fir wap raphathm cadmpresimg hashtactipigizeludes assessing
nclentide, saaHENGE a8B00HING A 1ePOETOeRE NaduchRReraRhnkedto et

a PKC-0 promoter with a test agent and determining if the test agent
FEHLRISS eI RSEERSEEIT BT PB SRR tEr GBRE brb i 2B delest aptred to

thatredusesthe iaredetion etineeporier aengdyredistis identified as
an a§ent useful for treating asthma. [0023] In certain empbodiments, the

Hid8btide J8GIRBHCE MBS RRsval FEHEHFSBIRF SR abRIfRE d%s!

MBIK&Q presaateris ina el {ers.caopastaelhah CRAH I pasidul BSOS diments,
embodiments, the mast cell lacks expression of endogenous PKC-0

Brotsiit tehebinemiBGHiATEITS, iR Blsoriebybms o tiscr i idrsBuman. In
RraalpstosidasentshieramehsnicoracitiRpaier ass: {3GUGHHIPNIARSE st cell or a

alkalinephosphatase, or green fluorescent protein. [0024] In a further
S4Eet! widlitkentiohtBrdvigls a method for identifying a modulator of a

RIKCtO proteine Sempeising(RLeRNACHRER ol IURSIINEL RKE D RROARCoding
or a functional fragment thereof, with a test agent, wherein the PKC-0

preterctispfddneRtitdrabins uptrde fistnaspokaggotitbilitsitenghytion of an
pasariping:d e 18atRgens 1edugss g autophosphorylation of the

PKC-0 protein, or the functional fragment thereof, in the cell, wherein a
1682afent -60wG12DO516829 1B PTRAIBRA04I04328 hethat! fod idegifying an agent

ayéanhf@?mg{;ﬂgtc@mfatnﬁat%ﬁfﬁga;Q&;goﬁgg‘fa&oa&ﬁ&éﬂﬂggomefsaaén&%ence

thereof, is identified as a modulator of a protein. [n some

ensbddigentsotie getemmiding steplebniplisésccoMiparhgrtimedtimasieh a test agent

vity . of | | i ' of the test agent.
e e g R R 0 e e Bl
reblcts atieskigaskthetivddpisaihdnhibitotion thetRKEpOr erogeir, foothet is

@E@ggglag%gm%%ﬁpgbmé%% embodiments, the modulator of a

[0023] In certain embodiments, the nucleotide sequence encoding a reporter gene
product operably linked to a PKC-0 promoter is in a cell (e.g., a mast cell or CD4+ T
cell). In some embodiments, the mast cell lacks expression of endogenous PKC-0
protein. In certain embodiments, the reporter gene product is luciferase, B-galactosidase,
chloramphenicol acyltransferase, 3-glucuronidase, alkaline phosphatase, or green
fluorescent protein.

[0024] In a further aspect, the invention provides a method for identifying a
modulator of a PKC-0 protein, comprising (a) contacting a cell expressing PKC-0
protein, or a functional fragment thereof, with a test agent, wherein the PKC-0 protein,
or fragment thereof, is obtained from a prokaryotic cell; and (b) determining if the test
agent reduces the autophosphorylation of the PKC-6 protein, or the functional fragment

thereof, in the cell, wherein a test agent



protein that increases the kinase activity is an activator of the PKC-0
WO 20pr66@M8 or the functional fragment thereof. In some emb8die){the281
modulator of a PKC-0 protein reduces the kinase activity of the PKC-0

rotein, or a functional, fragment th b st two-fold. 100261 In
%@ S5 USRb BHIRASP Y PRESD Bl e bR B RgReBIE e
SmhRAEpensdhriREEQ 9&9&%@@%@@@@ \9815@1&9{ aln some

fuI ength PKC- 0 protein. In particular embodiments, the functional

JrARTEALIS 8, HICCl O RIAHEE doTRAr. U2 FE i SBIererauBaiIHEREs, R vity
&%ﬁé‘ 39 %ﬁ‘tpﬁ&%{&‘tﬂgt E&‘, dl%f%sf%éée@%'&% asihma.ip a rnamrnal,

such as a human. In some em ments, the astluna is fgE-mediated
[@stvha. |inpanticutansmibodimertise the dudshodofurtPiECitcludesin that
assessing the efficacy of the test agent mf?n In_vitro or in vivo asthma

TERONRES WiHer AR ar HY UK Bt SARRE AN OhERe 4ot EEQES in ReIR vitro

RN 2aibmadPadstas aenpaled o seRElagenhiz idantiiedrasrk C-o
being useful for treating asthma. [00281 In some embodiments, the cell is

pt@kat’qaftlmcmasgadh@baamemnam@le(e - fiBaolipf ﬁ@@Z@E@n%pméem
'me'i‘é%aﬁhﬁ a“t%%hﬁé’@e%}’ \gion, of the PK&:Q eH{ 2 69%[’?&(35?6 ofa

?unctlona %ragmen 6reof, OCCUFS ON an amino acid resi

NC- pet&eiadd&rm%g idupongistingoff thersedne pestdie ot phsitoional

f295 the s rlne egldu osition 685, the threonine residue at position.
HiRk FaslduE Oﬂ‘asmon 536. [00301 In yet another

[@8R6TL, th&l&@ﬁ@i@&%@@ﬁ%ﬁ@%@@t@té a8Rgn 3sHhAA. CARWRIISIg -6

administering to a mammal sufferlng from asthma or suffering from an

RERT SprAproreEPagEneiat ted lEds- therkirardsacfivitgtignplgariant of a
/06 T/U 200 /043281 of PK O roteln fun tlon |
PR R Hon i i e e SRR, LR ein.

fira goteetembPRIMeNts dbe fgentis admmlstered with a
llpharmaceutlcally acceptable carrier. In some embodiments, the carrier |s

P87 forninoToameaarit Torrate) Theatesdnambodinidhts B GNdntvai]
W%M%&é%%@% mammal, such as a human. In some embodiments,

the asthma is IgE-mediated asthma. In particular embodiments, the method
further includes assessing the efficacy of the test agent in an in vitro or in vivo
asthma model, where a test agent that shows an increased efficacy in the in
vitro or in vivo asthma model as compared to a control agent is identified as
being useful for treating asthma.

[0028] In some embodiments, the cell is a prokaryotic cell, such as a
bacterial cell (e.g., E. coli).

[0029]  Insome embodiments, the autophosphorylation of the PKC-0
protein, or the functional fragment thereof, occurs on an amino acid residue of
SEQID NO: 1 selected from the group consisting of the serine residue at
position 695, the serine residue at position 685, the threonine residue at
position 538, and the threonine residue at position 536.

[0030]  Inyetanother aspect, the invention features a method for treating
asthma, comprising administering to a mammal suffering from asthma or
suffering from an asthma symptom an agent that reduces the kinase activity
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administered by an intravenous, oral, transdermal, and/or intramuscular
WO 200006291 particular embodiments, the agent is administer@d by fahalatiom

In some embodiments, the asthma is Ig&.-mediated asthma. In some

embodiments, the agent is co-administered with a drug which a%)/rt())g an

fdréheryRr alsent 08 HES AL Bt cacdritodrie® uction
Miﬁm@&nﬂﬁﬁ@ﬁ%ﬁmiriﬁ,s%ﬁ?e'%mo%m&'s% efGEomolyn

sodium, or a combination thereof. In particular embodiments, the agent is

atmantsody tnithspebifivairbiigs ly-aRrRGablsroteinar Arfréagyrrent
thereof. In_some embodiments, the antibody is a pplyclonal antibody. In
T S b e A P Ynoct. 1003 1
[e081¢ embodimeantis;riiteottishagentfista mucteit acichambtetylehdmgeertain

embodiments, the nucleic acid molecule is a ribonucleic acid molecule. In
O SRS A e OGSO AT R R e BN o B A R0
RRGUENEHIELIEGOMMIRBRAENL IR REEIRnsafdheiieleotide seduRmee. In
set forthin SEQ ID NO: 3. [0033) In certain embodiments, the kinase

KERGIRTHIREERE Gl sirsr A8 FuReidrs ikt tHerestsis the
adinphasaharyiation of e BK G0 IR, Dl HDE H-l%‘gi%ﬂkf(% an -

thereof. In some embodiments, the autophosphorylation of the PKC-0
plotorTgoe dyefurctivrr fraldine nothemofd coeort arstenchiad acid

resique.of SEQ ID NO: 1 selected from the gr isti 9.0 fine
A B A T FR s g BRI
sedidug at positionE38;andete thieopims relsidambab Qiosiios, 536 af3344 an

In certain embodiments, the kinase actjyity of the PKC-0 protein, or th
it Ak ier Sall A B s i A
dpHemersakeing tse e BKGyGswbsiaiR RENIRIIERSBN RiXokms motif

or an |2- X-X-T motif, wherein R is argiinlne, X Is either an unknown or

ARy adERNtes B hedy d5ig Benrelanal 7istaadEnine. For example,
(63 PKC-Qrsubstrate mayirhave am aning acid seguenes (hasedenthe. in

universal single letter amino acid code) selected from the group

eUtRR RS RRTs ks HieisES D Neyul) iFaRRGSIgR eNd srdscule.
ﬂ%é‘%'e%Eé&%%%‘%@ég@gn%'é%@%i%%&x%%!%@%&sﬁ%@eé\&e

, QKRPSQRSKYL (SE
sequence that is complementary to a portion of the nucleotide sequence set

forth in SEQ ID NO: 3.

{00331  In certain embodiments, the kinase activity of the PKC-8 protein, or
the functional fragment thereof, is the autophosphorylation of the PKC-0
protein, or the functional fragment thereof. In some embodiments, the
autophosphorylation of the PKC-8 protein, or the functional fragment thereof,
occurs on an amino acid residue of SEQ ID NO: 1 selected from the group
consisting of the serine residue at position 695, the serine residue at position
685, the threonine residue at position 538, and the threonine residue at
position 536.

[0034]  In certain embodiments, the kinase activity of the PKC-6 protein, or
the functional fragment thereof, is the phosphorylation of a PKC-0 substrate.
In some embodiments, the PKC-8 substrate comprises an R-X-X-5 motif or an

R-X-X-T motif, wherein R is arginine, X is either an unknown or any known
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KIQASFRGHMA (SEQ ID NO: 18), LSRTL SVAAKK (SEQ ID NO: 19),
AKIQASFRGHM (SEQ ID NO: 20), VAKRESRGLKS (SEQ ID NO: 21),
ICAFRDTFRLLL (SEQ ID NO: 22), PKRPGSVIIRTP (SEQ ID NO: 23),
ATFKKTFKHLL (SEQ ID NO: 24), SPLRHSFQKQQ (SEQ ID NO: 25),

KFR]E%%F&J@(§ (SEQP N2 YRR YREGS % é%g]ggggz%sbstrate may

TRRLSAFQGG (SEO 1D NO: 28), RGRSRSAPBNL
MYRRSXIVE@W(SE@ IBINOc S QAWSKT TRRRE(BEQIDINGT 3d)no acid code)

DIRRLTPARTE (LEG TN 3] B SER SHSEQV AL D)

MYF-IAEYSQHDRI@K‘NE@BD} NI NZB) OMRRBKSBABEASERQIDNGO1 3Y),

TGS 508 N0 SRR BN O,

SQKRE%SS)FRHIBM&E@I@ WOV G2), HPFRAUEGNSE KIS ESEID NN E3).9),

B R R eSO NN 2R RS e B aD a0 2D,
R v Sy .E”Séé?f)
A NG TS G TEND: N0 Hikrara LSHG Qe 79 NN 25)
SYRRRIPARYKSEQ® 1%@@42@‘ SRRRSRARNG(SER (P @1(5527 ),
NKRRGSVPlLR &%ID NO: 57) KRRPSRLVAL (SE ID NO: 58)

FESIND NG 28R PRI AEEIDND 280).
[Oomt@@mmﬁsﬁq fHeNDVeRon RIPYRESIIRIRPIRRHMISIEER 1)

lacking expression of endogenous IlK -0 protein.. In some embogemen S,

theR Fle&&é%%@s?e@)@@nmyﬂ@m &B@M%@@(&méﬁmé&m 33),
[00BRkRespRpEHOIRG 1Begls: o1 bag gﬁiﬁgﬁﬁg AR @' \%

present invention will be apparent rom t scriptions
2009796293 8EHRTUSEINAD282816 BRIRR DESCRISK (MEQEIIND: 37),

wﬁmng ana:ﬁlg?e(ﬁ}gplc gwm%% g%stflg?qi{; Pand

indUiCIRIeReetNation (&ﬁb@@@@oﬂﬂﬁti@ﬁ%bﬁmﬂm SSBQIENONRf41),

Uk RBRISRHGS (SEQ ID NO: 42), KPFKLSGLSFK (SEQ ID NO: 43),
AFRRTSLAGGG (SEQ ID NO: 44), ALGKRTAKYRW (SEQ ID NO: 45),
VVRTDSLKGRR (SEQ ID NO: 46), KRRQISIRGIV (SEQ ID NO: 47),
WPWQVSLRTRF (SEQ ID NO: 48), GTFRSSIRRLS (SEQ ID NO: 49),
RVVGGSLRGAQ (SEQ ID NO: 50), LRQLRSPRRTQ (SEQ ID NO: 51),
KTRKISQSAQT (SEQ ID NO: 52), NKRRATLPHPG (SEQ ID NO: 53),
SYTRFSLARQV (SEQ ID NO: 54), NSRRPSRATWL (SEQ ID NO: 55),
NKRRGSVPILR (SEQ ID NO: 57), GKRRPSRLVAL (SEQ ID NO: 58),
QKKRVSMILQS (SEQ ID NO: 59); and RLRRLTAREAA (SEQ ID NO: 60).
[0035]  In a further aspect, the invention provides an isolated mast cell lacking
expression of endogenous PKC-0 protein. In some embodiments, the cell
expresses exogenous PKC-0 protein or a fragment thereof,
[0036]  These and other aspects, embodiments, and advantages of the present

invention will be apparent from the descriptions herein.
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[0038] Figures 2A-2C are photographic (Figs. 2A and 2C) and graphic
wO 200Fg292B) representations showing that autophosphorylatton/of the: KGO
activation loop is required for kinase activity in cells. [0039] Figures

3A-3D are schematic di s showing the characterization of the

PKC-0 kinase domai ﬁ%&@l@%@@f@%mig 3A) and
[pogdilICt ianSpeGia A6 detepRUIEE RY IMASSTRECHIOMEHY o VIR PEPIHS ting
NFpSFMNPGMER (SEQ ID NO: 64; Where 'p5" indicates that the serine

a8a pisee sleoigianscl KaAmTayusiio e BIBTOR)me N AIROS: B RigiGRipn

i % A (Fig: % gsg%“ﬁémbge%%%ﬁ BN RASI NS

[ORBGTP BgMEM-@QwQﬁ@t@Mléﬁ‘igpaMlagqbaéibiand 536556 Fig.
m/z 11.59.71 te that in_ Fig. 3D, he cysteine alkylated by
L (b% 15&948}%@09&[&&0 b dethactvation

I@hpti@ge@ﬁﬁ{mﬁ)@kﬁ‘a@@gmmmcmg indicated PKC-0 KD protein and
mutations, immunoblotting with anti-pTc PKC-0 g ig. 4A), and anti-His to

[R03%m ehiBvaRSHHxdires SRR HEY A B SGhpN SHoWme Wamesifation
dyﬁ%éqv@c@vatmy;@a%%%eaa%%%?sggbfho e @%%91 gre ‘}%Ld

[0041] Figures 5A-5D are a series of gra e interce plo

prerbust ivfPepticte, at m@emMINd@)(@gssspemeosltheﬁldwemjgie

§1§1\t}$ the intercept replot ver
%ept' eﬁ%{%@g ma | H}\and’t% o%oe rtzpl%)ktlé\a/te%e%serme 18

pi'i[i@pbtidﬁ]iiaﬂi%5dnaﬁiglfjgsﬁib)1s[6%2p5)gurﬁs/ aﬁmar@@smpsw

FRTE Wy BONEO AU, O IR e riigmes ) a

mmmmg@ebyaﬁa&e;ﬁbptﬁkﬁ@mﬂqmm;rﬁbe:ased?ﬁgm@m@an
b@@ ég mechanism wherebél ADP is the final product released, and Fi
0

SRR G BRT R AT AN EY T ALEe PPt fBIofEhat in

FRRZYDIahcySiands 0t sueinae fio At cshands fari SHRSLE 4T" stands
for roduct P, and’ % is for roduct [0043] Figures 7A-7D show the

nt ViEEBiEF dffetis t@ngé hnmarEdysenafie-aK 1y srigs of the
Lﬁ@gzazf!zz:) fee&H lépotgﬂ'a% %ﬁ?ﬂﬁé@%ﬁ%‘%ﬁ%‘%ﬁ%ﬁxg with anti-pT,,,

PKC-8 (Fig. 4A), and anti-His to confirm equivalent expression (Fig. 4B), and a

graph showing the in vitro lysate activity of the indicated PKC-8 KD protein
and mutations (Fig. 4C).

[0041]  Figures 5A-5D are a series of graphs showing the intercept replot
versus 1/[Peptidel] at 100 mM NaCl (Fig. 5A); the slope replot versus
1/[Peptidel] at 100 mM NaCl (Fig. 5B); the intercept replot versus
1/[Peptidel] at 625 mM NaCl (Fig. 5C); and the slope replot versus
1/[Peptidel] at 625 NaCl (Fig. 5D).

[0042]  Figures 6A-6C are a series of schematic diagrams showing various
mechanisms by which the PKC-6 KD may behave kinetically. Fig. 6A shows a
sequential ordered mechanism whereby ADP is the final product released;
Fig. 6B shows a kinetic mechanism whereby ADP is the final product released,

and Fig. 6C shows a random mechanism. In Figs. 6A-6C, “E” stands for
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varied peptide | with ATP held at 2.0 mM. Fig. 713 shows kcat/K,,, for
peptide t with ATP held at 0.125 mM. Fig. 7C shows the kc,t effect with
varied peptide 3 with ATP held at 2.0 mM. Fig. 7D shows the k,,t/K,,, for
Peptide 3 with ATP held at 2.0 mM. The open circle symbol (0) indicates

10Q:mhiY, 2@t ey @(ﬁfssiﬁg_sﬁ{dﬁ{ Qgesgh%tglp@snfdpy@&%%i@[@ﬂ? SMRROto product
(V) indicates 250 nnM NacCl in increasing sucrose; the closed circle

symbai(s) Shait 5068985 NaCl in increasing Ficoll 400; and the closed

invqoms}riangiﬁgﬁwmbszd-t?ﬁo))smsmﬁt%R%%Mhb@@léfféa@r@ﬁﬁic@tg(ﬁg@”7A and 7C)
400. The dashed line in Figs. 7A-7D indicates a slope of 1. [00441 Figure
8 isaadskﬁéﬁraﬁ@a?a&%ﬁ%%%ﬁ% Hiterd Kt ttarimiony Weikh effect with

inhititesy pestcatesiaan interderawit PC1H KD ataii agkvith Pbighe 1 with
8, tgﬂ: sha%gis f8r enzyme, "A" stands for substrate A, "B" stands for .
substrhtd ! Y dehdM ol 8rdGuth Py sibg ker 58¢st ithiraied probds with ATP
Figuemls ea/aa-.e_gme ;e@.re,seﬂm@' Mcgﬁgﬁ%ﬁ%%li;@é %%ﬁﬂdgfﬁfﬂ@ﬁgat 2.0 mM.
seveyal peptide substrate sequences for - ig. 9A) and the

o RGP A g HELBF LT ) MG (SHe 5 RS the open
42,in5ev&d 6thindde byinbgl @8, i88ichiés 490 1MO8aO0irbindBadBeIRcesdedthe closed
45, 40,54, 5 26,§ 18 resEectiver in order of apperance) (Fig. 9B).

(00867 eVt (BA ndnatsrd ShowbMaSHieasieasnetisel dPOvesttke closed
blotingrrnalysesshHansy Waithr RECDackvatian a0 8RUeHN 1 400. The

phosphorylated upon TgE receptor cross-linking on bone marrow-derived
maSteE BRMMEES 00 7P Bigifags12 SRA % bre photographic

repfgsemtationsiy\este @@M@M@d@@@dﬁ@g&o@&iﬁ}%ﬁmﬁ?@ﬁ{ AL HAEUOB by which
(Fig. 11 A), the detergent-insoluble fraction %)[IQD Fig. 11B), and whole
€

cel"BRPHALY ARPEEY e i sy IRtV IJE fe e i Poraledviisiasd VEMMICFig. 8, “E”

evidendn e Pk yhaembEanRITRRSIASAHAR A) 195 LReRRIAI-SHBMIAEH “P stands
BMMC. [00481 Figures 12A-12B are photographic representations of

[11 2

welERBibtifg A alysés Be et dlng that PKC-6 (Fig. 12A) and

PK@ALFig. FIR)reddAdigtributigndsenetsisndicaptivialiarest Weon iktifying
receptor crosslinking on BM MC. [0049] Figures 13A-13B are histological
(Fig 1 %A) e SRR s g a9y Feloh Iéﬁgre%i@rig-iﬁ@ﬁ%ﬂﬁbqﬁﬁpmm@mﬁec{ a

fromeRE iR KNRRKAUEMICPRAVAIR FRYVES 19eaNYeS 138 BMME 4108, 53 g 39,
wild-type mice. Data from Fig. 13B show mean
67,44, 19, 68, 50, 6, 38, 23,35, 29, 32, 45, 40, 54, 5, 26, & 18 respectively in order of
apperance) (Fig. 9B).
[0046] Figures 10A-10B are photographic representations of Western blotting
analyses showing that the PKC-0 activation loop is inducibly phosphorylated upon
IgE receptor cross-linking on bone marrow-derived mast cells (BMMC).
[0047] Figures 11A-11C are photographic representations of Western blotting
analyses of the membrane fraction (Fig. 11A), the detergent-insoluble fraction (DI)
(Fig. llB)’, and whole cell extracts (WCE) (Fig. 11C) from IgE receptor cross-linked
BMMC evidencing PKC-0 membrane translocation in IgE receptor-stimulated
BMMC.
[0048] Figures 12A-12B are photographic representations of Western blotting

analyses demonstrating that PKC-6 (Fig. 12A) and PKC-B (Fig. 12B)
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fluorescence intensity (MFI) of the cell as a function of time or as a
function of DNP-BSA concentration. [0050] Figures 14A-14B are graphic
representations demonstrating that peritoneal mast cells from PKC-0
knockout mice have lower levels of cell surface IgE than cells from

wildstyRe, mies @i%t%ﬁf%hﬁ?‘ﬁtéf@ﬁ'%é)w%ﬁ 9&&%{0%%%%%85 Jg-BMMC,

14B). p values were determined by t-test. [0051] Figures 15A-15C are

gramé?épreﬁﬁ%ﬁ%hé@é@rﬁﬁéﬁﬁglﬂﬁi@ﬁKﬁ@ IKrfolkod gmicki hliig. 13B)
o AR A5 R A LI Dh S Rk SRS o fevwer

wil pe mice, but have Iincteased levels values'were
detgrmingd Byatr83.MOMBFig ey oA 16 Claae graphit e ppaSssintatiangn

indigating that, followi eceptor crosslinking, BMMC derived from |

P SR AR 6 ST ) GG B O e @ Knction of
cytadPS3 TNk (bigratoh), IL-13 (Fig. 16B), and IL-6 (Fig. 160. [0053]

Fig 7A-17B are graphic representations showing that resting CDA4 |

T ci@?&ﬂm SRS A1 Bt SR PEID REBREIS B QovwEAS that

redyegebleygismatd befi{ Fgml PRIBO A Aok it JHEE GlYEG d Ty Wicell surface
absence of | L-2, and in the presence of 0.5 g/ml anti-CD3. [0054] Figure

18 k2 Hrapkrlrebrasaritdtibme vidending tHid P ka-bavekbutlanica de ofotell

hav, ' ! ing ive. us anaphylaxis
PO o A o, Ear

swdlingl lvas Expresseédiasdeltee ghraphe fpreiragetines Statistis@hting that PKC-0

analyses were determined usjng the students ired t-test. p.values. .
oS e R R S e e 1599
19 isomgeaphio reficesgritatie, dembastratineatdt NGO f kpackadt M5C8. p

do n% have anér]ﬁcfrease in ear swelling in the passive cutaneous

anaphyfax e EAT BT 3&dakiskd below in the presence of -12

exogmsays IgEidnassysellingwas exprassasasdeiasRandeon that, following
baseline. Statistical analyses were determined usir&the students

unp&FetPtIBEY Froatiskiishdi Morisarecdifieppierd g prkeuy mice are
;?55%5%%%’%%%?%%?% F19HEES RORR D AR FRRTePRIMATOPROI BAY, 11-13 (Fig,
16B), and IL-6 (Fig. 16C).
[0053]  Figures 17A-17B are graphic representations showing that resting
CD4+ T cells, THI cells, and TH2 cells from PKC-6 knockout mice showed
reduced levels of IL-4 (Fig. 17A) and IL-5 (Fig. 17B) after culture in the absence
of IL-2, and in the presence of 0.5 ug/ml anti-CD3.
[0054]  Figure 18 is a graphic representation evidencing that PKC-0 knockout
mice do not have an increase in ear swelling in the passive cutaneous anaphylaxis
(PCA) model described in Example 7 below in response to anti-IgE. Ear swelling
was expressed as delta change from baseline. Statistical analyses were determined
using the students unpaired t-test. p values shown compare wild-type versus PKC-
0 knockout animals.
[0055]  Figure 19 is a graphic representation demonstrating that PKC-6
knockout mice do not have an increase in ear swelling in the passive cutaneous

anaphylaxis (PCA) model described below in the presence of

-12 -



TH1 and TH2 T cells from PKC-0 knockout mice show reduced
proliferation to anti-CD3 stimulation (0.5 g/m1) than both Tlll and TH2 T
cells from PKC-0 wild-type mice. THO, TlII, or TH2 cells from PKC-0
wild-type mice (light gray bars) or from PKC-B knockout mice (dark gray
bar . . : ) . anti
e el S SRR e ) A
wittb tatistinathenalysencectst deitrCDRE! (Rige SoDYUBOBT UiFigueds 2d4-21 Drlues
are representations of bar graphs wing that.both TH l.and TH2 T cells
fromy PRE0 KLkl LB P redeced ShoTerLtiah 13 ng-cD3
stinfoletedn (OIagugbmhhantivtrctdpranahibtignt cebafgapBdving that both
wild-%yb;];e mice. THO, &HI, or T2 cq%lls from PKC-0 wild-type mice (Iilght
1

gray ' barSfoHHormiBRE-YRAStholEHIEEAH AT Graf s profiteration to
addiianelhy;simulated, (it8 gg?’h%ﬂ%én(ﬁiﬂh%%i AFER2B QIS Hsm prC-0
(Fig. 21B), without anti-CD28 and without IL-2 (Fig, 21 C), and with IL-2 in

the wildenoe ofientiGDRE HFig o2 THY. cdl3\WO2DB5E/062818 type mice (light gray

PCT/US2004/04 ESCRIPTION OF THE PREFERRED., . . X
Em%ﬁw%ﬁlfgﬁﬁ%%ls%% BT sy Bﬁraféwa@c%%mﬂ&y stimulated
agentethati rapdate oprotain kinaseagheia (PRGIQ) 0r GeAistHyat anti-CD28
modulate the amount of functional PKC-0 protein are useful for treating
sV HEHObEP i g ekt tore sh oA R8T o ema THte.
redugePKC-0 catalytic activity or reduce the amount of functional PKC-0

protein as agents for tai{r%etin mast cells in allergy and asthma. [0059]
Forl ¥ pLirpokiesrssé tﬁﬁﬁ‘%%%ﬁ@ﬁﬁﬁ@%@fﬁ@%&%ﬂﬁe@@%ﬂ%ﬁhﬁt both

inveryon, teferenee will Row %@@El%cﬁfﬁft%&% E&%?é@?&té rﬁ%‘?ifer%%on to

specific language will be used to describe the same. It will nevertheless
understedeBtkatmdalimitatidd efghel s dopebofifEHAventidbl s ThesBbfrom PKC-6
intenaltﬁe[:j, such_alteﬁg@gs and further modifications of the invention, and

such 1SrNEF Apisficdtds ' dtHh &l s diare ilVertion de yinssiige dlight gray
hergifs PeiNg.sePMRMAIAERERS WHIdnarMed 9ait foenetdleshinitP & imulated
art to which the invention relates.
with anti-CD28 (Fig. 21A), anti-CD28 plus IL-2 (Fig. 21B), without anti-CD28
and without IL-2 (Fig. 21C), and with IL-2 in the absence of anti-CD28 (Fig.

21D).
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[0060] The patent and scientific literature referred to herein establishes
WO 2(4tgwietige that is available to those of skill in the art. The BESUEA2018043281
patents, allowed applications, published applications (U.S. and foreign)

Rerein are | EoBo o by T e O CIh A IR s

dpessficallyTandnindividualipindicatedio dedncorpatateddanretaranasdulate
[0061] PKC-0 is a member of the Ca" independent novel class of PKCs. It
IBTOGHI erpredsdain Hdsts By russtrthas mestlsdd theramotet pkc o

RIRIEIR HASHREED SCRNRTEE 1O.RIRY %M%A&ﬁ%s ggg:%gdﬁ%aé&%l e

asthma, and to be associated with, for exam e symptom

@Td$@ntemiﬁmleai1q1qmssbelased)ﬁ\ntgeas¢hhm n@@tumhrlg(@e@mmalﬁ,actmty
ato ast ma, |nclud| E-mediated asthma; non-atopic asthma,

occﬁ 5660 F%’ﬁﬂﬂ'ﬂf ?HQ%HB O BFRINESRBE B o8 FH mast

p&esqntgnéaggﬁamdthgmﬁgntlon provides methods of identifying agents for
Iq ating asthma, and methods of treating asthma by administering to a

ithal ditetipartiessy eferme drbimtaceTdaaaingaftudptiteiples of

@ginbydnaibiteeanrahaNeRg), PKGQiRradyrtion andignkinase Aetivity
are provided. In addition, the -14 WQP 2005/062918

peeTifichosmeas el hevesibio piemu@g ibelatad endsvodlisehatttagkss be
0062] | th
%9@@9&6%%%%&1%9@% em%y%L Qegldn BRI Oy

invention provides a method ori ga mo
proreited sechetfethohsdesdcontheting el BKE:On praftelre, iovarftinationdl

h of,.wi h a te ent; an det |n|n if the tes ent
%gég% %1& f 1elcglic IVI of hgepl5 ?elﬁ] @ st o‘ﬁ\léfg ent
thamnf bAlt@tagmm;ﬁatené decesdhe ﬂm&sﬁ@@&&y&h the: BKiGed prateinrt

rthﬁ TS tlonal fr thereof, is identified as a modulator of a PKC-O
protellrfuﬁ Qorﬁ 5ﬁ1 a "test agent" is a chemical (e.g., organic

(ﬂ()ﬁm])rgal‘ﬁh)a pe&mﬁlbﬂ@lﬁﬁéf&&i@m%&ﬂ%@r@féﬁlﬁiﬁ 8SIHmIEEU 1R hes

rotein, such as a hormone an antibody, and/or a portion

ptl
B85 SRR SRR PAecI S BN e BGblls b dapetents
ﬁ]QﬁMé@IQp@H@h@Y&, published applications (U.S. and foreign) and

references, including GenBank database sequences, that are cited herein are
incorporated by reference to the same extent as if each was specifically and
individually indicated to be incorporated by reference.
[0061]  PKC-8is a member of the Ca” independent novel class of PKCs. It
is highly expressed in T cells and muscle. As described herein, the PKC-0
protein has been discovered to play a role in respiratory diseases, such as

- asthma, and to be associated with, for example, inducing the symptoms
and/or complications associated with asthma, including, for example, atopic
asthma, including IgE-mediated asthma; non-atopic asthma, occupational
asthma, and drug-induced asthma. Based on the findings presented herein,
the invention provides methods of identifying agents for treating asthma, and
methods of treating asthma by administering to a mammal a therapeutically
effective amount of an agent that modulates (e.g., by inhibiting or enhancing)

PKC-6 production and/or kinase activity are provided. In addition, the
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increasing or decreasing, the kinase activity of a PKC-8 protein, or a

WO Z003HEdoIal fragment thereof, or is able to modulate the anB6UHEG004/043281

functional PKC-0 protein (e.g., via transcription or translation). In some

iments, the dulator of a PKC-O pratein that redu kinase
T S R R e 5 Pk T o Roomerh e
¢hpresfidn.some embodiments, the modulator of a PKC-8 protein that
ﬂ'ﬁ& ses the kinase acté%it is an. activator of the PKC-0 protein, or the
un 3t

éc onallﬂaod}ﬁéﬁf’ Ber B8t OB ISR TR (HBGAVER G iy ing a
medhoss fasrideniityiog feirdutator-obRRK G R Rtein Inclide coriaging

a PKC-O protein, or a_functional fragment thereof, with a test-agent and

Rf&Esning 2 dHaGH e thie airpp Hoisiedrivation tistrgerer@ddpteteimiorn if
i t thereof (e. h ' hosphorylation of th
e e e R e R Y

fpostionab 86 ghreontherabpogittost 538natich ttheeomineiat ROsiten &36)ylBf
ds include contacting a PKC-0 protein, or a

n te form, the method: K| DI (
t%%@%?ﬁ%@ ?Faﬂg}ﬁign?m&*émmpa&é@@@%& thrtralsisiratesrrre-o,
a8ddeteetith @ Hdie phosphorylation of the PKC-O substrate.
The test iﬂ;ant is one that is thought to be effective in modulating (i.e.,

[MBlting O iHerddamsgIuT Krtisgertivisaoterdcal frateiraBiao

iR 4 r ional fragment thereof, o
ot o o e, 4 e B e g o
RNpAGhpNaherrcadingreneiienal?ody, proleginy. d postitainthereof. By

. iments, odulator,aof a PKC-0 protein redyces the kipase .
SO EREB ISR 3 et p i v g, gither by
iteastivg: toldiders@ime;pibadimantsdiheyegduiater. etiNG KIgSEional

activity of the PKC-0 protein, or the functional fragment thereof, by at least
fragrnd threaab At erbisite Madniete tiscanremsofiannbdn”BKC-6

agmentinetent DRLD proti Eese Mty S e e,
resarlpler wiag Keriars tesehhigued sucttas kisdsevittivkinasamashyisitor of
S 000 e e e I
theadlulaion @i PIKE I Or@i@ibtein that increases the kinase activity is an
activator of the PKC-8 protein, or the functional fragment thereof.

[0064] In one form of the invention, the methods for identifying a
modulator of a PKC-8 protein include contacting a PKC-8 protein, or a
functional fragment thereof, with a test agent and detecting a change in the
autophosphorylation of the a PKC-8 protein, or a functional fragment thereof
(e.8.,a change in the phosphorylation of the following residues of SEQ ID NO:
1: serine at position 695, serine at position 685, threonine at position 538, and
threonine at position 536). In an alternate form, the methods include
contacting a PKC-6 protein, or a functional fragment thereof, with a test agent
and a substrate of PKC-6, and detecting a change in the phosphorylation of
the PKC-0 substrate. The test agent is one that is thought to be effective in

modulating (i.e., inhibiting or increasing) the kinase activity of PKC-0 protein,
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[00661 As used herein, "functional” means a PKC-0 protein, or a fragment
WO 204p8pH8 that functions normally (e.g., has the same kinasecavtivity.as:aesi
wild- type PKC-0 protein). A determination of whether or not a PKC-0

RETR S EmE ool s hnctoramy bp casly made e

ordinarn y 3Kl

(whstieriaRisey & proeiimebirRament IRIRANID AYESYANIAHOFanaljs

to compare the PKC-0 protein, or fragment thereof, in"question wit
RiftREpelPrEtaipromin dimaenii-type PRE@ frafmBRiGrpstandareduces

in ki say.(s .Q., Ausubel et, at., eds., Current Protocols in
t%%&%%ﬁﬁﬁ@ﬁ%%ﬁ% RIS ?ﬁc&}?\l%wc%ﬂé?rﬁféw& a8t by
aplles Subsedoleht inpaatescunitiba0N3)):aNnththe kindseo Aasays-denenbaske

below in the examples. [00671 One non-limiting example of a functional
YRRt gfea%ﬁﬁég%@fﬁ i Tsthepestorplfsasapadithexeddebpridenir

fhe exReles helawe PRITCUIRT, FXAMRS B ihe K @Ré%%%%%ﬂ%lﬁ;ﬁgﬁ%s

protein (also called "PKC-O kinase domain” or simply *
tagignarnrtanie of hadiHodhhorytate oTtilwis sutprisiidrajvemthateother
in.its class dq. not autophosphorylate. As used, the term "PKC-0
T 8 A e SRR e e, o andard
téabluides she gorsdhofthet prateinsspaniing abel-aning @cid residue 362

[5E}B%l?out mail?lo t%cid residue, 7/06. In -16 WO 20051062918 PCT/US2 0 0
410232 81 2BSHE SIBATHERE SmE PR kes HreHB Tsveimokhiagant of

faninerat BK SqUREERIe Vided iy QM&%APW@?&%{}?NS'
p

the PKC-0 KD of the invention has the amino acid sequence provided in
[08966] 1D Mo usedAsEeinnafins fiesrdioreaesmiRKGMinmadid residiesment
tHBethionine Apdglygcing D NQ: £2, are convenient for expressing

the PKC-0 KD fragme%ﬁ%{ﬁﬁgo@'éét%gcﬁgr%atﬁg %Wfésﬁg%é]nﬁf{&- A wild:
e tBl).-0pBaLim sdnieembodinenist thReHEE & kipaseP ROyt

NS, AETRIn POIS el st s et st e
bielggitty @utophesphniation) o 908 Simaiemalheieliving aming,agid;,
residues: serine at position 695, serine at position 685, threonine at
Obgﬁﬁﬁ}?%@é}%{ﬁaﬁ In question is functional is to compare the PKC-8 protein,
or fragment thereof, in question with a wild-type PKC-8 protein or a wild-
type PKC-8 fragment in a standard protein kinase assay (see, . g., Ausubel ef
al., eds., Current Protocols in Molecular Biology, John Wiley & Sons, Inc., New
York, New York (1995, plus subsequent updates until 2003)) and the kinase
assays described below in the examples.
[0067]  One non-limiting example of a functional fragment of a PKC-8
protein is a PKC-6 kinase domain. As described in the examples below
(particularly Example 3), the kinase domain of PKC-8 protein (also called
“PKC-0 kinase domain” or simply “PKC-8 KD") is surprisingly able to
autophosphorylate. This is surprising, given that other enzymes in its class do
not autophosphorylate. As used, the term “PKC-8 kinase domain” means the
kinase domain of PKC-8 protein, which includes the portion of the protein

spanning about amino acid residue 362 to about amino acid residue 706. In

-16 -



threonine at position 536 of SEQ ID NO: 1. [00691 in certain
WO 2081itrddfments, the modulator of a PKC-8 protein reduces’ $HéVaribticat!

the functional PKC-0 protein by at least two-fold. In some embodiments,

dbe modulatianoha RECH prefgimredices the amopnt of the  functiopal

PKC-8 protein by at least four-fold. In some embodiments, the modulator
sefjaPKEpproteihinesliCed @b ihh obthe duttstianakRICCHI: proRny

east ten-fold, In some embodiments, the modulatqr of a P rotejin
e SO O TR A GHAF I BXBHELT, Festis B R EgodaPe
tRKGHR piretaincan feersliantitated forExanaples usipghtandarhd glycine, of
techniques, such as the Western blotting analélses described below.

06781 WX fdnivesr cspetiant fowexiienspngvibied Blothémetsador but do
A%?QHMP%%??QH@%&% Egg%ﬁ%g_gg%n, comprising contacting a cell

comprising a function ein, or a functional fragment thereof,
[aigsla teshagent amd cléteranitsingdf Hieestiagentideducaesthtamoentof is
functional PKC-OEprotein, or _functional fragment thereof, in the cell,

SRS o L APAGLREY AR FEHCRETAS SRR SRR AT oA KA OB ein
ehbéactionat fragment-ghareek 'u{bm%m%(%#@ﬁmwﬂﬁ%@ odyator of a

PKC-0 protein. Such a modulator of a PKC-6 protein may act, for

BuRIMEPROTEAERR) B BARSENBRER o haflkising W 20d5/e8daes
e POOHO4338 1. AL L I LeHH NGB PRAIRERIS - 15 BAgH /M o 2

PKC-0 protein is useful for treating a respiratory disease in a mammal,
thgepraneahperaioRe3pirdtdRL didddskd include, without limitation,

a (8.9,,.allergic and.nonallergic asthma): br n%’ ,%9- .. chroni
B e Rl AR PR e
tempinyseinaf; therfditicisiavBO® giramyriniermpationy eesidophiiame
fibrosijs and excess mucus production, e.g., cystic fibrosis, pulmonar

HBPOGE SAP alfs grorhiaier RioyBIG-Sarreiem B%M%fgﬁtﬁ@%mgfbﬁ
AlRRKG-Brralgindaussih fartealing slaris.dseasesnARRicH g IS to

a group of diseases whereé there is often an inherited tendency to develop
randllietgicatadtion- Noretiniting vexartip escolatopicldéstroeti it IGHE -6
parlg%%){bayl laetr %%Srthg&ittj%({laaylgeg&[de embodiments, the modulator of a PKC-8
protein abolishes the amount of the functional PKC-6 protein. Levels of
functional PKC-8 protein can be quantitated, for example, using standard
techniques, such as the Western blotting analyses described below.

[0070] In a further aspect, the invention provides another method for
identifying a modulator of a PKC-8 protein, comprising contacting a cell
comprising a functional PKC-8 protein, or a functional fragment thereof, with
a test agent and determining if the test agent reduces the amount of functional
PKC-8 protein, or functional fragment thereof, in the cell, wherein a test agent
that reduces the amount of functional PKC-8 protein, or functional fragment
thereof, in the cell is identified as a modulator of a PKC-8 protein. Sucha
modulator of a PKC-6 protein may act, for example, at the level of

transcription or translation.
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whose symptoms include itchy, runny, sneezing, or stuffy noses, and itchy
WO 208y83) 1 @topic dermatitis (also known as eczema,; a chronierdiggase thaist

affects the skin), asthma, and hay fever. [0073] In particular

embodiments, the modulator of a PKC-O protein is useful for treating

[887AMa i sermmanBadimansshilmano daditer ol asRISed® Repsain Mamesul

fér‘%‘?@&'ﬂﬂé%‘_at?@ i3 mBrked Q. SONHinyYoYs, al-pargxysual ahered ﬁé@;ﬁ%ﬂ@&y

accompanied by wheezing, by a sense of constriction in the chest,
dseastyyindacks of doughing et ipas pisth nie gr, all lef ghess dsymplbmgiis
inelud dkeas an ‘asthma tom”. As used herein, "asthma” includes
T R S IR PR

dienst¢RiOBBh(ng), atergicastimataladocalied ekiinsiciorajopilammation,
asthm binations of non-allergic and, allergic asthma

DRI R B T T BHAY FHRCH ARy i i

Faﬁmm@cggﬂagigr@{@guwcmmge stage asthma. Extrinsic or allergic
asthma includes incidents caused by, or associated with, e.g., allergens,

[90EH as Panermsesporadignasseshs wedad tpredardets daustianitis sl
f&%@é‘&@%’l@fé&@ 8&@8@5@%%?&8%@?&9?wggec%?g&’ QEXQQé%%ngr%%%%re

the year, types of incidents are also refe as season

insfitenaarAisbarichsbiteah e tivy grolqy efogxainslic egthneaci®brohthiaimiting
eQEEQ oy ?(U%{gIgigggggpsolg%é@&arﬁears ergjllosis. 1004l Asthma is.a
pherotypically heterogeneous disorder a8gociated With- intermitten

wéspiatonypdiseasecymhptamg, sucmpssreezitponehial fM46s, and itchy

20051062918 PCT/U2004/043281 hyperresponsjveness,and reversi
A S e o RO S R A VO Br s Aar A dl et
- thegs kenusiating, ahaitvayfeepithelium, collagen deposition beneath the

basement membrane; edema; mast cell activation; and inflammatory cell

[i¥Hiitration fengr 15y e ArappAsn BusinBpIme Jarat b ideltes] Paminay is
JEERINMALRA AR J4rHIRR GRG0 AINMRY DYNGIIRSRONSIMERRRS: as used

airflow limitation; acute bronchoconstriction, mucus plug formation, airway

hgrginemedRHAG oA ERRGh A SpRarkp dikE 488 Ly ATSD J007BIARthMa
1&@%&8&@%&%@?&9&?‘%\{{@8%93(&48@9[3%?9&@%@%@Sof constriction in the

chest, and often by attacks of coughing or gasping. Any or all of these
symptoms is included as an “asthma symptom”. As used herein, “asthma”
includes, but is not limited to, non-allergic asthma (also called intrinsic or
non-atopic asthma), allergic asthma (also called extrinsic or atopic asthma),
combinations of non-allergic and allergic asthma, exercise-induced asthma
(also called mixed asthma), drug-induced asthma, occupational asthma, and
late stage asthma. Extrinsic or allergic asthma includes incidents caused by,
or associated with, e.g., allergens, such as pollens, spores, grasses or weeds,
pet danders, dust, mites, etc. As allergens and other irritants present
themselves at varying points over the year, these types of incidents are also
referred to as seasonal asthma. Also included in the group of extrinsic asthma
is bronchial asthma and allergic bronchopulminary aspergillosis.

[0074]  Asthma is a phenotypically heterogeneous disorder associated with

intermittent respiratory disease symptoms such as, e.g., bronchial
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include those caused by infectious agents, such as viruses (e g., cold and
WO 209fpogittises, respiratory syncytial virus (RSV), paramyxovits Uigiss 1
and influenza viruses. RSV, rhinovirus and influenza virus infections are
hgrﬁggpgg ingchi ﬁgqu,\;g leading cause of respiratory tract
[ esse%idnﬂlsg agrgt%%ga?ﬁd younégéﬁ?dargﬁog'h%r%%u\%%ﬂn\iiral bronchiolitis
lpandevblspchtboiogiwheazinep arid sthim aabhith egn bertreatechusingrway

the, megthods ﬂf the | ventig)n. PB|SO in Iuﬁe%are the asthm%con_dit'ons )

Ry SRR GEP SBT I PEDR ath Pt R By SRER A M GIr BB

rAitstided methodsrofhe tiflentin.aseyusefuhfonasibmasasspeiaiebpitls,

smoke exposure (e.g,, cigarette-induced and industrial smoke), as well as

%%ﬂgﬁﬂaﬂ%ﬁ&‘do%&ﬁéﬁaﬁiﬁxpﬁogmg,@ﬂéﬁ%@%fﬁ@@fb%&%%%{}ém

tgfé%ﬁ%a?lﬂ. ideensIHERLS: 0XiHg, JAMASINEI AP dSBCYARRIESn IR on,
stic

paint, plastics, polyurethanes, varnishes, etc., wood, plant or other
TPHgHEIE Hstersrtiane inarous hreranselisgiater eidwimatiol intptisease
giated with food additives, preservatives or pharmacological agents.
he methods of the invention are also useful for treating, inhibiting or

[efvlating atbnyp b taastiontee aéderred e v Bilk hy dbthprasnt ougnods
- variant ast 00761 In.addition, the methods of.the inyention are useful
A R R S e O e
vgastroesophagesy wftuwy G ERDY, (RBIChH car stiywolate:s, rhinovirus and
.blgRln%hzoco.nstricticigs‘{loomIn.some mbodiments, the asthma is
Hgp-meédiated S&thma. 1h panictiare SRS HRE MSHOYF Ruptiferommon
iinchitthensaedsingdhe leffitiagy @lidbe test pigeniri @A NHEQRE iih Viants
asthma model, wherein a test agent that -19 shows an increased efficacy
ARG TR Frvios ety JERAS RIRPAR BHE 628 ESKEOPAJUIRIE
videatified arheingmsalulitor patng-asthinas 199 8L Manys astinpa
models are known_in the art. For example, Soler et at, J. Appl. Physiol

inpepyiety A5 Postydadiarengershma sppribaysivih a0y 2yEeke bogught
abR0hdesselg amadel 19rdaachoconsyl cligh Jn SheRPINRER B8 he

“naturally sensitized to the roundworm parasite, Ascaris suum. Following

IneAERCH CHaRBHJE AN RSR RS sdlateaniidesiie anipmsleraridergo
c%aa{}&téﬁﬂ&%fgéa%&uma@ﬁ%c&%ﬁwgé‘ VRSPRDRES L SIMIIRL g the

action of asthmatics upon exposure
occupational exposures, such as smoke, ozone, noxious gases, sulfur dioxide,

5

nitrous oxide, fumes, including isocyanates, from paint, plastics,
polyurethanes, varnishes, etc., wood, plant or other organic dusts, etc. The
methods are also useful for asthmatic incidents associated with food
additives, preservatives or pharmacological agents. The methods of the
invention are also useful for treating, inhibiting or alleviating the types of
asthma referred to as silent asthma or cough variant asthma.

[0076] In addition, the methods of the invention are useful for the
treatment and alleviation of asthma associated with gastroesophageal reflux
(GERD), which can stimulate bronchoconstriction.

[0077] In some embodiments, the asthma is IgE-mediated asthma. In
particular embodiments, the method further includes assessing the efficacy of

the test agent in an in vitro or in vivo asthma model, wherein a test agent that
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to sensitizing allergen. Ascaris challenge also induces airway
hyperresponsiveness in the sheep, which is measured as an increase in
lung resistance following provocation challenge with the cholinergic
agonist, carbachol. The dose of carhachol required to elicit a given

response desreases 24rhouts fRYRWing Asearis, 9%'&&%@%%10 compared to

indication of airway hyperresponsiveness. [0079] Bischof et at EXp.
Allergy188¢B e 71y 5008 deberiseuac nbsl fisatilereithasthma in
shegg~wheresheepimmunjzed v with soldbilized hou .
dus m?'zge/]h extract aressubsequen%%/%%\%%%%%%%%o%@hilgptlc%%l%%%éss\%ﬁr etal,
houseldpétiixeioh TS jrfoldel, bt hoaiddotarg avade S Bxp).aa siol. 69(2):584-
peri o leucacytes e collected before and after the hronchial

el B e R SR R B patraty
takeendBihedits thostuhdilengeptoniistology dnstimindudlistocheimitat on

analyses (Bischof et al., supra). A test agent.thought to be a modulator of

o O RSN S GHEN R 1€ et B A LRGP e phase
PKGrOnpreteinscanibe adpinistgrachitirthetbbeemtoassesshitsalolivpien exposure
reduce the numbeﬁr of BAL |leukocytes following .challenge as compared to

the AGHBEFBPB AL TetRocs 64/ SHRRMREEMRLES Rl N A8 dpRgEHEBpSiveness

theiinvientioss {0RBM L ietapoihed welknewsnasthma rdelin Reollowing
non-human primate model  of Ascaris - induced airway inflammation (see,

e.gPTRRALI: Sheldareerih Rirerho D e amsh satcksindslgase of
MOBk@YR REERGHIBHL SENSIHZ NG R ANEF B RIS UASKARving Ascaris

suunz, which acts as an allergen by inducing a strong IgE response.
Up&haheiaetatibi enandisgEwiof tienon weszossngoness.

PCirdh*ﬁﬁ0044%%%#89@gewntfz@xgnm@k@%@igﬂ's;%@Maysigﬂé&gana&é%@ﬁbe a

consisting primarily of eosinophils. This can be measured by counting
leukarged ol alartis thshbroHeblecevevisrdaiage frolddzed st oltondngsly with

lung segmenial Allerasn: chalange: %Jos)éa[g,wvg;@@ggai@gfg%mmmal

asthma model is the ovalbumin (OVA)- induced air
hyperedspensivnkessin dnitenisee e this Kipd @t htoifehoaRespir 1ava2(PRAL) and

RIS SRS EHERIRAS o

thisomloalele dust mite for flow cytometry, and tissue samples were taken 48 hours
post-challenge for histology and immunohistochemical analyses (Bischof et al.,
supra). A test agent thought to be a modulator of a PKC-6 protein, particularly
one that is thought to be an inhibitor of the PKC-60 protein, can be administered to
the sheep to assess its ability to reduce the number of BAL leukocytes following
challenge as compared to the number of BAL leukocytes in sheep not administered
a test agent of the invention.
[0080]  Yet another well known asthma model is the non-human primate model
of Ascaris - induced airway inflammation (see, e.g., Gundel et al., Clin. Exp.
Allergy 22(1): 51-57 (1992)). Cynomolgus monkeys are naturally sensitized to the
roundworm parasite, Ascaris suum, which acts as an allergen by inducing a strong

IgE response. Upon intra-tracheal challenge with the
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mice are immunized with ovalbumin (OVA) in alum adjuvant, boosted, and
WO 2004H¥HY¥en an aerosol challenge with OVA. Upon challenﬁg?/tﬂﬁz%{ﬁﬂﬁgfgl
exhibit increased airway resistance, and infiltration of leukocytes into the

ah ,QﬁlygﬂlﬁcA%Véaﬁﬂ%mg%&@amyaens&mg&%g

: felene (?’%lswsof
increase, and lung histology shows tissue inflammation and mucous

epsoaoetids. [0082a0Mmenersitdilhygcasthimme ieodelsykadniiiin thio she
include the Ascaris amigen-ind glg.% maodel in

brrﬁ)(?rﬁggqu seé%?re%‘.],a%%irs 1mr;:1}‘r%J gto glrs El(.%g\ppl. anqyl/%llgl gﬁ%%é\ggg%ﬁ? eEIBXO);

chidlsegreet al., Am. J. Respir. Crit. Care Med. 152(2): 467-472 (1995)).

In vit I Iso k to the, ordinarily skill
st ARSI R G ATy ROPEATHIHG VA
g y g
igfanepleissag mzibmsp@fn@m&a@ praduatiorby THRgallst AheETrcalispir.
can be stimulated in vitro antibodies to CD3 and CD28 to mimic
TR meated (DR adeHPRIhil thatied SHorme Brodidioh Ui AR
(Bsvassayveain e sUpeaAtaANt AR MO Htedheokey sytelnes BHe tutiel,

and IL-13. IL-13 especially is a major inducer of asthma pathogenesis in
raisPreaREN (sed Wath o Velisrard WY Avhinihenrasl et peasied, and
0 t sJimiting-aR, witr ing;
s G A G L R L
eplolifieriatoenoedintiveapnesisteericledrintiisetiptiov fatiors Nes kg @the

Droach A fERRSNES 10 eagﬁﬁﬁéftﬁlﬁﬁﬁ ARS8, TaelhprolisrationGan be
assayed, for examp?l%, y 'H-thyrnidune uptake fsee methods, e.g., In
iAureube) stdlysgpriajolnge shoneetis2dd/tG)a2005/0629181 POTHIS20 0
4/043 2.8 1 to T cell activation, NFAT or NF-kB undergo activation and
pﬁﬁagg?ot?anslocation which can be assayed by Western blot from cell

[bosaps. (0R8ei RitClithiraeisthhibitatsishouitbalsadenteasariiie the
AT RGO SUaToLH SABE LR o oA PR Tl
19hheag.RAtHO !ngsiaﬁsg@@ﬁyﬁk@@dy,_ atﬂgg%z%gfmﬂ&?.- Respir.
[00861 As used herein, the PKC-0 protein of the invention may be from a
Crit. Care Med. 152(2): 467-472 (1995)).
[0083]  Invitro asthma models are also known to the ordinarily skilled
biologist. For example, for a T cell-targeted therapy, one non-limiting
example is the inhibition of cytokine production by TH2 cells. The T cells can
be stimulated in vitro antibodies to CD3 and CD28 to mimic TCR-mediated
activation. This will induce cytokine production, which can be assayed in the
supernatant 48 hours later. The key cytokines are IL.-4 and IL-13. IL-13
especially is a major inducer of asthma pathogenesis in animal models (see,
e.g., Wills-Karp M., Immunol Rev. 202:175-190 (2004)).
[0084] Another non-limiting in vitro method for assessing the effect of a
PKC-8 protein modulator on asthma is the inhibition of T cell proliferation or
induction of the nuclear transcription factors NF-kB of NFAT in response to

anti-CD3 and anti-CD28. T cell proliferation can be assayed, for example, by

"H-thymidine uptake (see methods, e.g., in Ausubel et al., supra). In response
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uman, and may have the amino acid sequence set forth in SEQ ID NO: |
WO 2()()?@@ﬁ§‘ank Accession No: NM_006257). In another emb8#ii&g0the 3281
PKC-0 protein of the invention may be from a mouse, and may have the

u f SE GenBa cession No:
t%%%@‘?%@%@%%%ﬁ? &sgem(%tg ?r%/lgﬁtglé)ﬁl ﬁ%é] 1& 5€ encoded

trbgﬁé)ﬁ@bteowdech@qnémesseyédrttylma@rﬁbmﬁax&hummy)sé&en Bank

Sssi NMOO6257 or SEQ ID NO: 4 (murine) (GenBank
%essmﬂl{ége "Fﬂ%f’s“ 88&%8@&%%@8 RESRPBRSEeiRs
oaibuidolentida segentes, W@H@&%@%@é@%'% aLvala "f‘o%fucnon
GenlBank Accession No: NM 178075 (Niino ét al., J. Biol. Che

Ofm BigPiR-sReEIc e L P sy Lokt Sl SN
Ne @lﬁ@)@@gﬁrg{emyoﬁﬁ%t 34 (1): 42-46 (2003); swine)).

00871 As used herein, a nucleotide sequence is intended to refer to a
[Oﬂ%ﬁbral or\gyrﬂhéﬂltellmsaﬂmwﬂlééeﬁlpmwmméy}mfmw@ﬁﬁbdﬁ&ayﬂﬁ@from a

dder atives thereof. The terms ncodln coding"
e B B e oo b o] O
(Gnemmmns&s@fdmnacmmw@mmnﬂ@mwf@wm@ﬁémfm@l@ a

cell frogkwhjch a series of amino acids can be assembled into a specific

PTRISIRCALIE SREERHRR TG hisiTessaiagBeptiie THY droveshormieo dirig
seqmﬁ@f&tammm@@mwm@ ToRBYRIY A RYASEINGReeRhAYiRgHNe

or more base chan e., insertions, deletions, substitutions) that do
PieitrigteinsHs m t g Ericsdinn aminolsei eneuidet yelveaseide

se U@HQ@%W'EB?H\W@?W&O Qfﬁa%g‘t@enﬁld gtccé]g ?é))rtN iminate

e functional properties ypeptide encoded by
N%@@éﬁéé) 02 5 HQUEBINThé Gisooirery((het RiCER- Ba&asmc@ﬁmd\wnh008859).

inducin the S lication thma renders the
Thsequ r%es or % sefE?érgrét (gﬁén%?@é Ry EGeieus RS
eniminiiptheSeiphonsiiseds includelassayingprientiatsaganisfontbe ahilits

1 nhibit PKC-0 ki tivity. PKC-B
e A 2 b B L e S proters
Ad@sémlm\mezal%&ay&@f(mérh&‘é@ﬂ&ﬁ@MM%@PEQHW: eganss @ P“i;:z 46

en oded polypeptides disclosed herein, but also variants thereof that

eSYH&Antially the

[0087} As used herein, a nucleotide sequence is intended to refer to a
natural or synthetic linear and sequential array of nucleotides and/or
nucleosides, and derivatives thereof. The terms “encoding” and “coding”
refer to the process by which a nucleotide sequence, through the mechanisms
of transcription and translation, provides the information to a cell from which
a series of amino acids can be assembled into a specific amino acid sequence
to produce a polypeptide. The process of encoding a specific amino acid
sequence may involve DNA sequences having one or more base changes (i.e.,
insertions, deletions, substitutions) that do not cause a change in the encoded
amino acid, or which involve base changes which may alter one or more
amino acids, but do not eliminate the functional properties of the polypeptide

encoded by the DNA sequence.
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same activity as wild-type genes and polypeptides. "Variants," as used
herein, include polynucleotides or polypeptides containing one or more
deletions, insertions or substitutions, as long as the variant retains
substantially the same activity of the wild-type polynucleotide or

po'X@@@ﬁil};e- With feQare:fo tHQ@W@@W?s%&%'&Q?&W@ﬂ%&&%g the dsgrr%)toms

contemplated to include fragments lacking portions of the polypepti t
essantial forbiologlical sactivitynanctinkestibn segriantssaoé REittdmplaiddianethods

T RS R S e MG R o faament .

thereof has sed to another polypep

embgelimedishthebNKC+B prateinto{ dhe, inveptian ndafisasiaral yaiiarbaltivity.
a full-length PKC-B protein. It is therefore understood that the PKC-B '
profetf i ibtdiFisag torpeier Kt dsdediiyiHe Rivenséeiiee seseas @s&ptroteins

forthJdorsEQHR N3 OF RERINGY e d%fe‘%%‘&fBHi‘;‘thQ gl?égdﬁlg egcoded

sequences encoding variant amino acid sequences; as discussed above,
arewitrinHecscbipel efehlictsotideiseljaences ththencdtieFik@eBubstantially the

Modijficati : , ions, insertions or substitution .
B T T e B S R
affeccthdefpotiondtproise rtiesady phptPiKCsehtproteincare @xpresslyletions,

contemplated herein, For example, it is understood that alterations in a
UOBOLHG Seguence IR ranCel Bt NG Ay of i JeRatba et spme
whigttirasy kb inhihey frb tyetipol pileckheibical lp @ guipaldat aithageitiaba

given site, are contemplated. Thus, a codon for the aming acid alanine, a .

oy SHGBO A G FREy b BTN ER B4 ot Gty hcisine
lespdnyidrepifahicpeligeesi dtiebtas @ytindopbiorogreahydriapio biﬁiriﬁ%@ﬂi%n
such as valine, leucine or isoleucjne. Similarly, changes which result in,

the A LR 8P GFE HGLAR Sl B ot P WSS G5 e Wild-type
PCHU35R0046043281nTesidua dor RiOBaEH B6h RS ARREHGASIIATde.

glutamic acid, or one positively charged residue for another, suichas
lysiffotlare i, CaRAISTTEBRsERES 11BrBlGCE @1sisTagidally invention is a
CARRREKGILRIIEIIRTEnL Fbee NG AsspYs ARREREdARIRIN0d that
PKC-0 protein may be purchased commercially for various suppliers,

suctha® Rarvera tivtadison it dooray perpiedicbd tie gaoritide sequences set

engflgletﬁrfg%ﬁgdlgrﬁgnfg{lgg%l?B NO: 4. For example, nucleotide sequences
encoding variant amino acid sequences, as discussed above, are within the scope of
nucleotide sequences that encode PKC-0. Modifications to a sequence, such as
deletions, insertions or substitution in the sequence, which produce “silent”
changes that do not substantially affect the functional properties of the PKC-6
protein are expressly contemplated herein. For example, it is understood that
alterations in a nucleotide sequence which reflect the degeneracy of the genetic
code, or which result in the production of a chemically equivalent amino acid at a
given sife, are contemplated. Thus, a codon for the amino acid alanine, a
hydrophobic amino acid, may be substituted by a codon encoding another less
hydrophobic residue, such as glycine, or a more hydrophobic residue such as
valine, leucine or isoleucine. Similarly, changes which result in the substitution of

one negatively charged
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methods known to the skilled artisan. For example, a nucleotide sequence
WO 28Reodirlg a mammalian PKC-0 protein may be introducedfifitgle esirsds1
host cell, cultivated, isolated and purified. Such a nucleotide sequence

may, first be inserted into an appropriate or otherwise desired .
AR Bras S Settor T e B AGOhce Sat RRRA vl
encedingaimasimedastRKCsOcRigRimasoh e spislanediniR e expected
pcDNA3 expression vector and expressed in human 293 cells, as

HoREPaeein Helegmhee BetlerEXpressiBrdeihe PKC-0 protein or
kinase domain in ryatic cells, is also templated. F
e, e e S B e R e
pPiichadddaserdoaraial bafobe stibatongobilitosa hadterdr expressidadison,

tor, such as pET16b (commercially gvailable from, for example, EMD
L TR s R eBE € S ey R B s LR on
baciesil leallarfovaetokillag usechheret anghaglknawndrdiriadedetaice
to a construct that includes genetic material designed to direct

frgestinmatpaBma iy etEd - BaroteiR ctsyrhay e BRENTIAURIIS Gepisad host
glements Rasitionally.ant seauaiialls Quentad 4 & naRe@RIL Ak ad Withist ve

other necessary or desired elements such that the nucleic acidina
Asericldeit casaprecgammbearaibentesk dadirddiestradbirandatgddssing
yanstecied cell JORO Recombinant expression vegiore May Be o pc-o
constructéd by incofporating the a ove-recited nuclectide seguences’into
preeeio ey drding domeet hodsthe KDDIAS texdihee skitle o ectisamnainekpsessed

described le, | brook et al., Molecylar Cloning: A
P AR G S B THGr el v PRSI s
PracborpNewLY oFielO89):Riber EfRrRNees: slesarking malacuias biology

and recombinant DNA techniques are also further explained in, for

exaiepilabda Bossrympleote deseniligdds, e, svagpdcepeloar, d9s KRt0
R LRI E S v
Didid Clonihg8p A REclicanipproaldi, D NbISlover, éoabxeng]dREMD

B SN s el S O, ol
EB}BS§AI992<)td‘ﬂUpJ$iQMd1b‘kyélﬂﬁi dizatierkoRiactchbAppredets (Sa donstruct
bﬂgtgmgludes genetic material designed to direct transformation of a targeted
cell. A vector may contain multiple genetic elements positionally and
sequentially oriented, i.e., operably linked with other necessary or desired
elements such that the nucleic acid in a nucleic acid cassette can be transcribed
and, if desired, translated in the transfected cell.

[0091]  Recombinant expression vectors may be constructed by
incorporating the above-recited nucleotide sequences into a vector according
to methods well known to the skilled artisan and as described, for example, in
Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Springs Harbor
Laboratory, 2 ed., Cold Springs Harbor, New York (1989). Other references
describing molecular biology and recombinant DNA techniques are also
further explained in, for example, DNA Cloning 1: Core Techniques, (D. N.
Glover et al., eds., IRL Press, 1995); DNA Cloning 2: Expression Systems, (B. D.
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and B. D. 1-Tames, eds., IRL Press,1991.); Transcription and Translation:
WO 2008/0Rpastical Approach, (S. J. Higgins & B. D. 1-lames, eds;yIRi2M01e83281
1996); R. I. Freshney, Culture of Animal Cells: A Manual of Basic

hnique, 4" Edition. (Wiley-Liss, 1986): and B. Perbal, A Practical Guid
AL g, o E MO (DIt VARG o SRt AR Slfnt N
(ﬂdso&@ce@lﬂ.i,r\emlemjarr&iglqus{ﬁyﬁu«?@lﬁﬁz%'g 20612 MO 16 £42005) N,

which is regularly and periodically updated. [0092] A wide variety of

Gettsid gte ihowiRtnBi9ravE9a5d (ltherisieriidn S @dhesisidNedisraiinetlide
a sy, yYirgd veclors, i ing. retroy r 0/cS iller
e B o s E T
apel ., Beélmmesurd ot B LNUeksiclAR1ds Res 260 76 121(d883); Zabner

re Gengti /5-83 4); and Davids l., N )
QARG AN AN Ry o O
Frigitteegt ahy/tProgf ek cads Sgi NaBA A0/ 1RBI3 L0714 293 ramsh
herpes vir tors (e.g,, see Anderson et al,, Cell Mol. Neurgbiol. .
(‘i@f‘%ﬁ;’éi%l%%&ﬁ%@&g‘e%érﬁgfgﬂw& T AlsaHaGniatEs. 2
Edigmeriistaevessars: Sodegvabledod efficient mupsessionabhenvgeic
cid jn a specified host cell, including regulatory elements. For example,
(iRt 6ra s indRitie W PFSrotsraha Anghiseesshstnaneerod cally

upeiguences that cooperate with the promoter to achieve transcription of
[the ?ene. By "enhancer" is meant nucleotide sequence elements which

stimdlate R SR EY SEtRARIaFs &R inoveh Bwa kanamstio thesteeintion.
S R A A R
V@\ﬁmraﬁ@ﬁqeﬁﬁq@zﬂé&rc% Heddethicds pbﬁegganwmgyifzwewir@%éaﬂn%&;e isp
a0 ponos eaiene, R TSl et
(IRSRZ veans thiat Mg DNBeseliusehz53B¢irng 4 kedidbe tygicailyt al., Nature
e IR PR D e L
Prranié: tH olwenl ef ¢SS exthEleders d6ay fuwatipnmd aarpepanatad kamdhey.,
see Anderson et al., Cell Mol. Neurobiol. 13:503-515 (1993)). The vectors may
include other known genetic elements necessary or desirable for efficient
expression of the nucleic acid in a specified host cell, including regulatory
elements. For example, the vectors may include a promoter and any
necessary enhancer sequences that cooperate with the promoter to achieve
transcription of the gene. By “enhancer” is meant nucleotide sequence
elements which can stimulate promoter activity in a cell, such as a eukaryotic
host cell.

[0093]  As defined herein, a nucleotide sequence is “operably linked” to
another nucleotide sequence when it is placed in a functional relationship
with another nucleotide sequence. For example, if a coding sequence is
operably linked to a promoter sequence, this generally means that the
promoter may promote transcription of the coding sequence. Operably linked

means that the DNA sequences being linked are typically contiguous and,
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promoter by several kilobases and intron sequences may be of variable
WO 20058f5ts, some nucleotide sequences may be operably IfikEGBIPHEE!
contiguous. [00941 Numerous art-known methods are available for

w@f@%‘éﬁ@ga _t@i&%‘?ﬂﬂ@ep%%ﬁ%%ﬁ{gc%g%é RKG:QsatelhRfreading

which may bé included in "a recombinant expression vector, into a host

fromip. é_ﬂcbvm@m@agmmlj@_@_,cwumx ﬁmféimm\fh@nmmmm&ﬁ@as,the
pr%*}r‘? & 'Cym%'ii‘eor%%ﬁ%%ﬁp éca thads, %ngéﬁ‘c‘é%‘?&%@a%%%ﬁmﬂ%w
a (0] uae, 10or

mechanical methods inc example, microinjection and use of a
leggtie gunmwithdeo exarspleica geldn paticlepsuisiyaie kedtbe DNA to be

introduced. Exemplary chemical methods include, for example, use of
Coém&ﬁ?ﬁ‘?)hosphate or DEAE-Dextran. Exemplary lipophilic methods
[otdlde Bsemélpasormes ant oiliehcatianica dgemsefaslipia-oardintgdhe

transfection. Such methods are well known to the art and many of such
nyRLRIHES WegBseBEadH for BXdmBler GeiRead vehir viatoeR included in

a {@U&gﬂﬁmt@ 9 iRg: Ge iR AN K9 RPIEMS: (I e NBHRRRNGAL, F-

Steel, eds,, Biotechniques Press, 2000); and Current Protocols in
witwdeddiatitBisiogyn cabenisel epethastss clyshiral/ st Bogsnkpaphibiris
regularl riadi u ide vari h I
g e G R S
e>aiRK € - uroiajecoofumotdorsal dfzg et ginenedh. fovueaimits, exgrhple,
the screening, assays ihed herein. Suc lIs inglude eukaryaqtic and
SRR e R S i Gt
mathdgrmelade hostesalissite asarvhentialiyn ahaidabletéromdieA\Arieridam.
Type Culture Caollection, Manassas, VA. [0Q961 The PKC-0 protein, or.
R R AR i B AR PR B ER GG Sy EARTAES
agialsknewpitd thedskillad artisratiine| Using eRamaiegeapiit known to the
electrophoretic and centrifugation techniques. Such methods are knoév%/f?

arfpiie BATHHEL S B RS IRE SoTet e rpRE G (RFenta Briotoc o P15t

NI%M@&E‘?%&OW@@\);@M@% INew YoEks W CRligasel @k AENRHERAR)
and Harris, E.L.V., and S. Angal in Protein Purification -26 APpIications: A

L. Br&teelardppRiatechoigors Orverdf)Praad Navieviofkosels in Molecular
Biology (Ausubel et al., eds., John Wiley & Sons), which is regularly and

periodically updated.

[0095] A wide variety of host cells may be utilized in the present invention
to produce the desired quantities of PKC-8 protein, or functional fragment
thereof, for use in, for example, the screening assays described herein. Such
cells include eukaryotic and prokaryotic cells, including mammalian and
bacterial cells known to the art. Numerous host cells are commercially
available from the American Type Culture Collection, Manassas, VA.

[0096]  The PKC-8 protein, or functional fragment thereof, may be isolated
and purified by techniques well known to the skilled artisan, including
chromatographic, electrophoretic and centrifugation techniques. Such
methods are known to the art and can be found, for example, in Current
Protocols in Protein Science, J. Wiley and Sons, New York, NY, Coligan ef al.
(Eds.) (2002); and Harris, E.L.V., and S. Angal in Protein Purification
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(1990). [00971 To aid in the purification and detection of a recombinantly
produced PKC-0 protein or functional fragment thereof; the PKC-0 protein
or functional fragment thereof, may be engineered such that it is "tagged".
In the some examples below, the PKC-0 protein and PKC-0 kinase

domgjp/(a.nensimiting - exampig,ofa, fengicnalfiagreepola REG S ork, N

protein) are tagged with a histidine tag. This allows the his-tagged protein
to bih@* ¥ Nickel-NTA, and thus be purified. In other examples below, the

P K?ﬂ@ﬁf’tei”ﬁé 5?(99?91%&%&%{8%%‘8@{@0%@&99 %@ﬁ%ﬁﬁﬂ{%ﬁ’zﬁe %Iigduced

293 cells. Other non-limiting, commercially available tags that can
usebd{& dichimttie pufifivctiiombndioncdéetbetiof,gha PKC-0 protsgin {dofumctional

fnclionaltagmert hel ogD ncide, ot Ipan,the v g bings

yC tag antibodies

glutathiapr-Senbarase)r Bt the-duitagndbids to rifticfludeaAntRadif D miting
[00981 To determine whether a test agent inhibits the kinase activity ora
PKESOHSteihadi st ATdeagpne At thBkdofO grietaion-wirpithggedeaih a histidine
whi A is : - in; ( NGl

g, hora i & oot e Tar i e e Bl e
kinaseifictivitin afttite RiKQepholeiw, Thid KiieOpemoc mayagarddeipknding

on the nature.of tl&%i ibitor and _the PKC-0 protejn o functional fragment
eSOt S B e bRl e b e Sk
artisamwithoiatlyndudMtpesgaeniaton bA mned-timnidng wstrgeiteidhand/or
inv?i%;[ﬁion,is one ?ﬁfgﬂgcreases the kinase activity of the PKC-0 protein

(or AISHiONALHA REPESH (it S R dbsrre w e shembl s kigep without
by, fenexacmplechindingtorasuhstiate of B ke -th@sdhatinlkiike k&gg@%ds to

activity ofPKC-% %some other mechanism, are also envisioned. [00991

As gbEeHHeamENIRY- 014 fhafkukedhasbhisryritet b aertiediag. of
the fotjouying residues iR BMMGIHPANJAE SECERINLFHORR IRKING G SRYiIBea PR C-

at position 695, serine at position 685, threonine at position 538, or
threbpiéest QdsitioieB3biofeSEQ! (haNof, lrBhs)-inaithagtisstar which may be

e el T TR

PKG (aedithisausetubterddeatingiastionah s ARyt aNRY of the PKC-0
protein. This time period may vary depending on the nature of the inhibitor and
the PKC-0 protein or functional fragment thereof selected. Such times may be
readily determined by the skilled artisan without undue experimentation. A non-
limiting test agent of the invention is one that decreases the kinase activity of the
PKC-0 protein (or functional fragment thereof), although test agents that inhibit
PKC-0 by, for example, binding to a substrate of PKC-0, or that inhibit the kinase
activity of PKC-0 by some other mechanism, are also envisioned.
[0099]  Asdescribed below, PKC-0 is inducibly phosphorylated on at least one
of the following residues in BMMC upon IgE receptor cross-linking: the serine at
position 695, serine at position 685, threonine at position 538, or threonine at
position 536 of SEQ ID NO: 1. Thus, in a particular embodiment, a test agent may

be determined to be an agent able to inhibit the kinase
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wo 200 A4tophosphorylation of the PKC-9 protein. In some epphodiments:the
autophosphorylation of an amino acid residue of the activation loop of the

PKC-0 protein is inhibited. [01001 Numerous assays may be utilized to
adetermiie whelienthehtestiegantdnbibiisripekinase) agtivity. pfithetP kBB it
protein. As the PKC-0 protein is a kinase, such assays include

thr esdgrhnert othd et BERE fed R RRbNITHO Blsi sy P PicESItsdhe
2 BHPRBSSRPANMAISSEHPRIR SHsaninedasidye . PeSIIRI38 nbinge

presence of a form of phosphate, such as adenosine triphosphate (ATP),
P&otherdbrim sfiphdsisedte which maybe transferred to a PKC-0

trate,.Similarly, such an assa measure the. effect of the test
L S A T e e R T T
ageesentib axtpma&@bas@n?t@f Badipactyg-asad assays BRE-MOfrotein
. radioactive-based assays, including fluorescence-based assays, may be

19 Ail7BE° RAFBATIY DI REA RSO N e ple iHRD ISR on

el AT RO B LS RBIAIS AR REASRMet A I desidue at
scintillation counting. Other assays employing in vitro substrate

PpRiGEPhaPY|stibrearigsentbofiy-fezed tploripberte detdrtiomdenbiae

t ian, are, readily eommercially available from LV ie fa
s R TG R B
PY&366) s altiacBemikGhy| RiehairCAsaC atalpgrivasu B384 63 H490e test
539491), Papvera Di ery Screening (Madison, WI; Catalog Nos.
AL %Bzv%ﬁ%%@yaoﬂb%?amymﬁ'@n%%rﬁ s Qf»rgageo%m.
pN@erf@dmcmb\faqa@sFmswme inchads-phosnhaiyiedion £ anaupsirate

having the R-X-X-S/'T consensus motif and measurement of the

rHgaptisrhanss sesetred sl B reltensE putarbatishasrtlfd 8 vioke sold
ull¥iZBanyera Madisan WD, 0104 1. n gne f%89-é%w{§§ee>ﬁ%§gg{§gﬁw%f [v-

exposed to test agent and 3zP- ATP may be stimulated wit I-lgE
Pk PloriatitipGHES tosohossiitkethé tgEasteeeptort Fifteen thininedation

S R ey e st Mot Snenenia A
amtihoithe-BatedRISEr-Orantibio dy orivraseieihe mivaithblésfodr dbeniorC rue
re%i&tﬁrcp&%'%%¥’ci'§'ﬁy S\%ri]fgb?er?rzérgé)‘ifg\(:pei%b (I)Sf ?ggrces including Promega
(Madison, W1; Catalog Nos. V7470 and V5330), Calbiochem (San Diego, CA;
Catalog Nos. 539484, 539490, 539491), Panvera Discovery Screening (Madison,
WI; Catalog Nos. P2747 and P2748; which is a subsidiary of Invitrogen,
Carlsbad, CA). Non-radioactive assays, which include phosphorylation of a
substrate having the R-X-X-5/T consensus motif and measurement of the
phosphorylated substrate by fluorescence polarization, include those sold by
Panvera (Madison, WI).

[0101]  In one non-limiting example, BMMC exposed to test agent and “P-
ATP may be stimulated with anti-IgE receptor antibodies to crosslink the IgE
receptor. Fifteen minutes following crosslinking, the cells may then lysed.
Next, endogenous PKC-8 may be immunoprecipitated with commercially
available antibodies (e.g., with the anti- PKC-8 antibody commercially

available from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), which is
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WO 2005/062918 PC1'1052004/043281 described in the examples
W0 200pedaWy, and resolved by SDS-PAGE analysis. PKC- 9 frowra) BMME3 281
treated with a test agent that inhibits PKC-0 autophosphorylation will

show reduced phosphorylation (i.e., reduced .incorporation of the |
dﬁsﬁ\%e )Héé%ceo%ﬁgfélae %bﬁgﬁ&’-)o Hshi ?ff?ﬁr‘é%ﬁie%yc ?Psglf Phfbfyis. PKC
oatesnatbenfthiseaxamplieh BMMG aigiaxReseH 9@ tegtagent in the

absence of 32P-ATP. Fifteen minutes following anti-IgE receptor
agigpSnahgr Y icaly e ipsededreeshpbeapdasytator(i.e., reduced

- piesipitatec@a I SHAGE The SDS-PAG | is
“then su bjﬁgé ?o]@wi%gr[ﬁ %%é%%%ﬁ%@g% With gr}ﬁ%&% %‘"‘tﬁer(e%%%é
[HEbodide ormireneitilly cihilablefngrie, BlVBXEmpiepyosed to a test agent
. Laboratories InG; ranegisco, CA).. PKC-0 from a B treated with a
S L R o WU GER S ot veticba

cphespRoiylatien-ll. aredyeat AREArRAMmLeRD O PR CPsATR @ prRRARE:d
to, PKC-0 from untreated cells. [0103] PKC-0 kinase activity can also be

peEaRiSd By RS20t fhssphsH A sebisthen srhiectsdiadVestern
bYAHSRy &}fxélgbg%9@%%@%&@%@%@%%&@%&%@@}(&%%@?&9@ an

assay to measure PKC-0 kinase activity. Peptides useful in the invention
ay T SRsEHsee R B asbtie bevatrsinsRrie dfgmifranxissaeithd)-an
PRS0, IMAROWATINGACI: 343 BRI AN TR RO RE). Other

protein substrates include, without |Imlt§I0n, myristoy ated alanine-rich

amKese sota titn(MARGHS réainied pividshqugite KKRESEKKSFK

. (SEQ ID,NO: 5), wheye, underlined serin sidue is phosphoyylated),
R AU AL et Fa T A S AR FeBHA b
[0DNO: 6pruherritiecndeMReeseline Besidus is i RospherWiated) (sing
pggpgl%tlde array technology, several potential substrates for PKC-0 have

QERAfRE SHESHRC ﬁl‘éc‘i‘n%@ﬁééﬂ%§6ﬁiﬁﬁ@iﬁ@ﬁ%ﬁ%@égical
PSS EAC A 70 SRS YL P
a%%ﬁaﬂé@ﬁhé%ﬁaﬁﬁé‘#&@d@@ modificatidrms agengrasthesstibstatiodl motif
e SIS, (0 Moot
sexinophasphsyiatenin¢he@itaam pleg dasorisechbedamelude, without
limitation, myristoylated alanine-rich C-kinase substrate (MARCKS) (amino
acid sequence KKRFSFKKSFK (SEQ ID NO: 5), where the underlined serine
residue is phosphorylated), PKC-a pseudo-substrate (amino acid sequence
FARKGSLROQKN (SEQ ID NO: 6), where the underlined serine residue is
phosphorylated). Using a peptide array technology, several potential
substrates for PKC-8 have been identified that may contain sequences unique
to the physiological substrate of PKC-8 and may be a therapeutic target with
the same applications as PKC-8 (see Fig. 9B and Example 4 below). The
substrates may have various modifications, as long as the substrates
participate in a reaction catalyzed by PKC-0.

[0104]  Yet another method for measuring the kinase activity of PKC-8 is to

measure its ability to autophosphorylate. In the examples described below,

the kinase domain of PKC-8 was surprisingly found to be phosphorylated
-99 -



the kinase domain of PKC-0 was surprisingly found to be phosphorylated
WO 20059GINO 2005/062918 PCT/US2004/943281 when expféss&dit HatiEtal
cells. This phosphorylation was due to autophosphorylation because

-w'.l?&%‘%({é%'eg‘?é'é %%le&?hqsd% QrAAIE. DIRSE] orTPlﬁcﬁhx%AQF{ﬁiﬁiP& also
provides a method for identifying an age use¥uf or treating an immune
audigdrdgrhioy pl atem raldnsedntaeting @lteH exprepsiogpa PR G«ppodtain.
or a functional fragment thereof) with a test agent: and determining, jf
T e e AR pr ROt of e CEG rotem i o

trdunsgonalfiagmentitoeteofiinatheeethalbereim entestagenlithabreesinges
autophosphorylation of the PKC-0 protein (or a functional fragment

Plifeferiy s tiEificassianAgermrsehiP e rBatig iéthARME dRBrder.
A e e coaer s Sae 0108 Scoordance wi

prifteiint@miiduneticelbban peemadecte ey prede ach) @@ pirotefastorgent that
functional fragment thereof, hy.int cing inta the cell a nucleotide

e R H I BN HLL 0 B bt e AT R SRal SPR HaRent

ththesfok AR distessedabovet theAudentidaseguRBGais opekdblyrdinkda
to regtﬂgt ry sequences }(e.g. promot]reéfjﬁfuences and enhancers) that

SOZRAR Biexiieseiie Prectesipsrhiesr £ AttioMAPRRSment
erthrraaln e dinaiskilesditinanihenderstand that the types of

regulatory sequences required to achieve expression of the nucleotide

(04 uend® arrdirgeensibribedhrerdinTor S satioharathietIhEss)
Pﬁ@lé’g%@%&e&dé%n‘éﬁ%ﬂ‘ & DGl %ﬁ(ﬂﬂ&&? wyiﬁmawﬁga{%eme cella

sequence encoding the PKC-0protein (or a furictional fragment thereof)

nurdsobidersigmedue ¢bla Fon@xiamiie, PRGBS celbisia bacteriatregihthén
regula sequences from a bacterial cell are preferably used.
Sty etk el R
linkadnimakign] aneyhactesatkale welrknovoriseiiecaridsead e ghakusupeiat
al" Current Protocols in Mglecular Biology, John Wiley & Sons, New York,
allqy Riiepti&reyareas Bisd Bériddrealis i ahteti o ruBiF3anaRbhsreo)-
ﬂ@@%é@ﬁﬂ@%ﬂ&@@ﬂ@é&@@ﬁ%@%&@?%ﬁ% tM@QH@%MG@Q&I&@M for

segggg?e% ?qutrﬂggntg géigggfeerésgrcegsaics)r? ?)tfhtr}?e? nucleotide sequence encoding
the PKC-8 protein (or a functional fragment thereof) will vary depending
upon the type of cell into which the nucleotide sequence encoding the PKC-8
protein (or a functional fragment thereof) has been introduced. For example,
if the cell is a bacterial cell, then regulatory sequences from a bacterial cell are
preferably used. Regulatory sequences for numerous different types of cells
(e.g., insect, mammalian, and bacterial) are well known in the art (see, e.g.,
Ausubel et al., Current Protocols in Molecular Biology, John Wiley & Sons, New
York, NY, which is regularly and periodically updated).

[0106]  Inyet another aspect, the invention provides a method for
identifying an agent useful for treating an immune disorder, such as asthma,
in a mammal by contacting a functional PKC-8 protein or a PKC-6 kinase

domain with a test agent; and determining if the test agent reduces the

autophosphorylation of the functional PKC-8 protein or the PKC-8 kinase
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in a mammal by contacting a functional PKC-O protein or a PKC-0 kinase
WO 200561131 with a test agent; and determining if the test ageRt fetBRe/ e8!
autophosphorylation of the functional PKC-0 protein or the PKC-0 kinase

dRPWORAOR/NB298 BERIUSZ004/04328 L gm@fg tein afest agent
clional

that reduces autophosphorylation of the fun -0 protein or a
ﬁﬁim&lkidﬁééidtwatausMerﬁﬁéﬂ&kmwghrmmsem{denﬁéati@stetreagent

iSO der n some _embodiments, the conta made in vitro. .
U[%ngyffn %eélme%m%gal men S, fﬁ%négn’ta& otfthe ef"% ?b nht? pro ﬁt 15
noadRK @ ftkinase domain with the test agent is made in a buffer In some

embodiments, the buffer has a hl% overall |on|c strength relative to the

(R strdRgipRs ATBASHReA EeifapproahatdRefon s Fyprotein
oPIAARRIE 1 SIS RMbodiments, e, BUFEIhAS A0:199i6 St 0bak

least 100 mM. In some embodiments;’the bufter has an ionic strength of
emb@alstr@@@smhle bnﬁerléastaﬂﬁ(ghmne[:@ﬂo&}lm serngtle rebodin éntsethenic

uffer he funct| al PKC-0 pr I% 0 e domaln |s
Scroeﬁ1 %ltef un% test aggnP gontalnéq Ef%%ét?l)(? or e(éérr(lfg tﬁe%t?ﬁré? nTay
somﬂmhbthaséﬁ@ el INef €l (hadethiatrao s‘addgucbnaf satb(ase JeithaMhdn
NacCl rese uffer). Jn some ({]%1 nts g@ buffer
Sgon?allﬁls fﬁﬁ]%l’%%{g}a%? ﬁ%},@ﬁ%ﬁ‘gﬁ% éFaBtL' ?Pe%‘!g{g@f)at
leaM M@GhN/n some embodiments, the buffer contains at least 250 mM
NaCl|. Of course, the ordinarily skilled artisan will understand that salts

(OB} thaoreHAAGIRP GRS clie et b intsvbithiRhs. fygrseRthE Kig
pRIG SR Rme RATIIENG eXAMPles Qfifyeh:s (g%%on%%wfsom ins

ammonlum acetate, sodium acetate, and potassium 0109] I

I\é%@brd*mw@mplm éhﬁm{fmmasr m@frmn@td@@mié@ mmwﬂla(n@mﬂmw
&%%ﬁsﬁﬁ' of thy 5‘%% rx‘FﬁXﬁ")‘ ar-(le-s%%l gl f‘“fna' ome

er ce st ce , @ heutrophi Ccro hage oes not function
emivmhﬂlyemssmmé)effmommms athbmtrﬁla@lmmmdéﬁ isastheaat CihenM

'a une q ds ¢ "%HL/# th ug(l;r@gatl%r; %utm S, edi Easesn%shat
4s-type 1 didbetes me |tus HatoT ATHER ? ction’

least 250 mM NaCl. Of course, the ordinarily skilled artxban will understand
that salts other than or in addition to NaCl can be used to obtain a buffer with
high ionic strength. Some non-limiting examples of such salts include
ammonium acetate, sodium acetate, and potassium chloride.

[0109] In accordance with the invention, an “immune disorder” is meant a
disorder in which a cell of the immune system (e.g., a T cell, a B cell, a natural
killer cell, a mast cell, a neutrophil, and a macrophage) does not function
normally. In some embodiments, the immune disorder is asthma. Other
immune disorders include, without limitation, autoimmune diseases (such as
type I diabetes mellitus and rheumatoid arthritis), graft rejection, and
respiratory diseases, such as allergy, in which immune cells play a role.
[0110]  Thus, the invention provides methods for identifying agents that
are useful in treating immune disorders, such as asthma, by identifying agents
that modulate (e.g., decrease) the level of functional PKC-8 protein or agents

that modulate (e.g., decrease) PKC-0 kinase activity. Agents that modulate
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res (iratory diseases, such as allergy, in which immune cells play a role.
WO 200369221} Thus, the invention provides methods for identiffinly biydrtd tHat
are useful in treating immune disorders, such as asthma, by identifying

(e %‘éé@@é&&@%‘iﬁl@&d&%n g‘?({;re%%%)n(;’%q)llg@%og'g%%ogr%ﬁﬁ%ﬂmase

protein or a that modulate (e.g., decrease -0 Kinase activity.
akigentsrthlatdnoditiate:t Vi 0d) 05106 2008 RIT A BAMAL) d828idals,

,9.. decrease) the prodyction of functianal PKC-0 protein or PKC-0
RO e S BVLHE CBRp e,
arcfiiesnicals Tintieleie Baitamalesutesupeptitesantproteins suck@sles or

ormones, and antibodies. The agents may also include, for example,
P@ﬁ’é‘é’ﬁﬁ%ﬁ’ékﬁ%&e@‘@‘ ABRALEFESEdEORCK S StidsBAsEbHEI&TE188id

Revd SERINIAteriaiingn fRNAS (S IRNG) Jhe artisensecleetide seauances
and siRNAs tygilcally include a nucleotide sequence that is

inchifglarmuRlen 48, Sasearrins s aomnis mpsHaretaior, is peraories dbde
ol ALEISAld e, SSOUENC B m&%%dmm%&é@m!ﬁf@%%%%

_nucleotide sequence and/or siRNA idizes to the nucleotide sequence
Ihgkas ATATNAT TEAGTARCT TITEG HRCATGAACEUC & (SREIQADWOHRes

toVYHEaCHL?dT&S’Q&ééQ%%Q&O acid sequence QNMFRNFSFMNP (SEQ ID NO:

8), which corresponds to amino acid residues 688 to 699 that contains
Cthie AérinsTeEIfud G pbsitidn 635 WG AST (AN Ed (r GH3EQ ID NO: 7),
phosphorylation. In _anpther non-limiti the anti s
picriat bR R R A e B
wHGAGATGOEAABAGEAATACGTEGIGES GFACAGEI BER: RING:ER,

ich encodes the amino acid seq AKTNTFCGTP (SEQ ID NO:
e 4B AAL 4 A HEc] 166, 00s S4B A8 A ARG

artbghdhreonineiesiduesmab RosiHionsth3ARMN A%l JRAst RMEOhyHYehiss
required for kinase activity (see, e.g., Figs. 2B and 2C). The antisense
tofEI B5ELRO LR RRALEC Fay have a length of about 20 nucleotides, but

Gm@mmg@mmmc@mm@@f@@wt@%g@@ﬁqgﬁgrm%b@),

the entire length of the gene target. The skilled artisan can select an

whishrsprasetdhgetairrarshiraprace (Ergin BraRtLchse(RECIdIe Ay 1),
whRidetiRRayeHhe desireAdReaneulic 8688 1o 543 that contains the

threonine residues at positions 536 and 538, at least one of which is required
for kinase activity (see, e.g., Figs. 2B and 2C). The antisense nucleotide
sequences may have a length of about 20 nucleotides, but may range in length
from about 20 to about 200 nuclectides, or may be the entire length of the gene
target. The skilled artisan can select an appropriate target and an appropriate
length of antisense nucleic acid in order to have the desired therapeutic effect
by standard procedures known to the art, and as described, for example, in
Methods in Enzymology, Antisense Technology, Parts A and B (Volumes 313 and
314) (M. Phillips, ed., Academic Press, 1999). Non-limiting examples of
antisense molecules useful in the present invention are those described in
Bennett ef al., U.S. Patent No. 6,190,869 (issued Feb. 20, 2001), hereby

incorporated by reference.
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by standard procedures known to the art, and as described, for example,
WO 200509%tdthods in Enzymology, Antisense Technology, PartBA AR /043281
(Volumes 313 and 314) (M. Phillips, ed., Academic Press, 1999).

[NPPrlimiting examplesRE.atisenss 5@@%@%&@@%&8&%@1&?& tional
invention are those described in Bennett et al.,’U.S. Patent No. 6,190,869
gliseyddrratg oo RgONYPhedhy sinedirpotetéd ingrdferelestr BRWENA
129021062818 BCT (432904043781 sl[i?e%lc%& RINA %Q%eéftegj Deqfetales fo
s§quence-spe0| ic, posttranscriptional gene §Fencmg ro gﬁta o} %by
Nemmadl Hnteecterlfgb dotiole(2tanded RiNAsiRagroents dhep cvigi tidmalogeusrtd

he.silenced gene target (Lee, N. S. et al., ,Nature Biotech. 19:500-505
cHIR5BTF THLR RO LB B A E R B SR B A AR of
proRiNAunalasg eRINahodsteliRbIiNg e uetiomaf &seiesedittilizing

siRNAs are well known tg the art, and disclosed in, for exarg&l&/v%CT

exatemianbhdl Abpiratishaldmbarajvo Dwrbesa Wi bos
ONYRRHOARESHYVD,89/44805) @nesi0. IQ(BRAA[H 40432 gOther agents that

may be used to modulate (e.g., decrease) the production of functional

[(EREL-0 pfathar asande thaterre Yy balaeeddeenPrRdae kingsd ewtorg) ifdude,

i i 'tia%ion ent block the translpcation of PKC-8 t I
p%gﬁg#éér@ m ra%tggg?hlzlrga%% rlljtrso':%3 at m ay Oéf Hifﬁrtzeeg'g i ((:1 tide ?ﬁ?ﬁs@?ﬁ%d
kinabe stredping bebaysitlesotibed taetein af: s thad dikokalhegents|@ation

inhipitors or. antagonists of PKG-8, include, for example, antibodies an
o R TR STo G B LPE AT BFE 0 I 0 GHERGH b SR
iRK@SthretefouBY ispeeificadyrhindssdsynaantinal aa.amibody of the

invention recognizes and binds to a PKC-0 protein (or a@g;ortion thereof)

[QHitRla dickedinmsr Laserm K D driseTe a5 EI0AROBISHHRf & KLO8F et
@9&%}?@“&&%&9% arleast 4P M. ﬁlg’é'tﬁ&t*%%%fég}c'gfgﬁtb’r&ﬁ tB"PdRE:-e
r or aeter Ing

with a KD of at least 10-'o0 M. Standard methods termining bin
pamidibindiag affinityodre el -knpweteiAcddyr dinody detibodies $Has meant that

specifically bind to PKC-0 protein are provjded herein, [01141 An_
a%ﬁ%@ﬁ%ﬁ? é]beegi‘ﬁ’@é}w ﬁﬁ%%%%ﬂ?é-%%?&é%%@%@é%ﬂétﬁém(ﬁ{@
pBRisythoukimiaian, aRlvelenal antitody (R 18PLiendl 10° M, or with a
K, of at least 10° M, or with a K, of at least 107 M, or with a K, of at least 10°

M, or with a K, of at least 10" M. Standard methods for determining binding
and binding affinity are well known. Accordingly, antibodies that specifically
bind to PKC-8 protein are provided herein.

[0114]  Anantibody that specifically binds to the PKC-8 protein as used
herein may be, without limitation, a polyclonal antibody, a monoclonal
antibody, a chimeric antibody, a humanized antibody, a genetically
engineered antibody, a bispecific antibody, antibody fragments (including but
not limited to “Fv,” “F(ab’),,” “F(ab),” and “Dab”) and single chains
representing the reactive portion of the antibody. Methods for production of
each of the above antibody forms are well known to the art.

[0115]  For instance, polyclonal antibodies may be obtained by injecting

purified acid mammalian PKC-8 protein into various animals and isolating
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WO 200gmt,it()ody, a chimeric antibody, a humanized antibody, a genetically
dhtfindered antibody, a bispecific antibody, antibody fradrh&ft&2ittdeRiy
but not limited to "Fv," "F(ab")2," "F(ab)," and "Dab") and single chains

ieaianeiing fiedeselvn BRCIANS tuaan o NMellRa oLared glon

of each of the above antibody forms are well known tothe ar 1 For

eyastphe golpeibelal abtibadies nfay beobtaliet: by dnBiting, folifiesl koo
alian PKC-8 protein inta varioys animals,and isolating ,-303 W
g8 Bt IG SUAASB A e AR BH L proALEEH T T Dioc
meerocy s mdibddiks deborbetsttasdexampliuinidusidbel Blia@lovaukeie art.
Pratocols in Molecular Biology, John Wiley & Sons, which is regularly and
m&é%i)dic PGB € AEUEL 5y B B SHLBRAI AHRSARaLY oF
maeIRNRIBEBOHRIPEECIOR itw@&lkﬁ;gw@ tr ey Q4 3G)ISeaEIiG,. /.
monoclonal antibadies may be obtained commercially or may otherwise
I telpirelil ny/ the tebhmgde PRI EReHa iRt Eakions hereefol.
BEGLL-RIS IR RNAIROYRPEUH O, mﬂq}ﬁ%&l%scyﬁ%ﬁﬁgg c?é'ﬁ;%’of
such methods include preparation of immortal cell lines capable of
PHucEiAg deishd dnilibeiies ThadrimmeotedicedlLities may trepmtiucetity
- injecti At ice into an animal, such as a mouse .
g B B o e e ewine P
calyélomaleehaioidins pdehplonidbimair@nytecetionias ngy lenseteited docin
routine . procedures in the art for their apilit secrete high
2 ia%%ﬁ%%%ﬁbod? %(lagtﬁ(éfoél esired & é;l fto| S(IE?C[ %ﬁ%%?%&%@@?‘é“ﬁﬁodies
pmeydoeariothlinanity phetudsitl framsedetessigh liffiaiigsabyivadous the

ettgpgsiknown to the art. For example, cDNA may be produced from

m
d?l%xéenuc 2iCREid (RNA) that has been isolated from lymphocytes,

[opuerferablyitearmBuyipphoapies anapreleraliiomal ppiddh g Hech
with a de?éij[gi% antigen. The cDNA, such as that which ‘encodes various

CXRRESH e ONeEA TR BRetRAiEaYe HityierSs cXREIR]e,

clreastion (e R} sneeloRRGiNi® AN @RRIORIAIEYE A SHER35- 8 PRASR e d

display vector. Such a vector may be added to a bacterial suspension,

frorafsramh e arrieriddy foenh Wnambhnapissiabpscbephbgéparacies
arlli¥] injected with a desired antigen. The cDNA, such as that which

encodes various immunoglobulin genes, may be amplified by the polymerase
chain reaction (PCR) and cloned into an appropriate vector, such as a phage
display vector. Such a vector may be added to a bacterial suspension,
preferably one that includes E. coli, and bacteriophages or phage particles may
be produced that display the corresponding antibody fragment linked to the
surface of the phage particle. A sublibrary may be constructed by screening
for phage particles that include the desired antibody by methods known to the
art and including, for example, affinity purification techniques, such as
panning. The sublibrary may then be utilized to isolate the antibodies from a
desired cell type, such as bacterial cells, yeast cells or mammalian cells.
Methods for producing recombinant antibodies as described herein, and
modifications thereof, may be found, for example, in Griffiths, W.G. et al.,

Ann. Rev. Immunol. 12:433-455 (1994); Marks, J.D. et al., ]. Mol. Biol. 222:581-597
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be produced that display the corresponding antibody fragment linked to
WO 2hd6dsace of the phage particle. A sublibrary may be corfstriicaaektyy3281
screening for phage particles that include the desired antibody by

ds known.to t t.and jncluding, for.e le, affinity. purificgtion
e A e S Ak o (s oo,
ISdlatenthevantirodie$. tdoh Bicdeiregsaeisy peystch as bacterial cells,
é{QﬁESLcells or mammalian cells. Methods for producing recombinant

Bbdied a5 WesHHBMINTEFEH, BHENHRMifRaidNs thereseimmppéiteub,

Mrﬁi@'@lﬁ)ﬂ RV Borahato A REN- JPIRHBBL -2 ﬁg ?etRRiques
(1994); Marks, J.D. et at, J. Mol. Biol. 222:581-597 -34 WO 2005/062918
poitrisseel vazee o tuoglilitheetisen antitstdiy Oy, Nistussed herein.

¥ 93-2 ; om,.H. inter, .G., J. Mol. Biol..
%33%81-3123%%%%%%%%%@5%t gggr%(s)\%:{ trl(ﬁY/le%n Son ! the PRERS way
forotsiromwahdirsunbepofifiedt pgiontotyeingsuseshfoptieegestergtiors ofor

tibodi hni imilarly well known to the skilled artisan, and
B B T R sy G dt e i Bn{ 7 g Protein
dRveBataD RIOMEasa-na thmttjrzgggax SOPALERIM I PUmBE Pligstagents

by prescreening the test agents. For example, only those test agents
O A5 &f Bied R SREPKC-0 protein or the promoter directing

318 9%%@?&%@@¥a@ﬁ#i§%gﬂ@r@ﬁef yoglionalassaveof g@ﬁéeﬂ.ed

invention. 101201 In a non-limiting example where the test agents are first
iseraienbdifp tahiability HoeHildCto e RKC fpifitei P UrfipdoP L €An be

protei be isolated used to screen test agents. For ple, .
Red Dl e e TR 555 T8bbi e orrardeIH Hied Bhtaderrelsin
ammxacsﬁpm‘nbﬂezbdaﬂxafspl%@a%ﬂﬂ&‘&&@@%}%b@@@bhﬁ’ﬁ@s@@lﬁ&t%with
t ified, i bili PKC-B protein. In an alternative example,
Rgﬁ?ﬁéﬂé% %&%@%&%@@ﬁs@%m%@% RyeHicdrifpegbdized
elicectesragainstPkCaRaeratein %@tﬁrﬁ(?léqgﬁgv@f}% Rre of the PKC-9

imrnunoprecipitate PKC-B protein to determine if a'test agent
RISUeAmRBpRdeisirentwith e diB pioteiga O atyPiOse pest eigents be

Ipigs i iR R o e s R e T
agent co-immunoprecipitated with the PKC-8 protein. Only those test agents
thatare able to bind to PKC-8 protein are next used in functional assays to
determine if they can modulate (e.g., reduce) PKC-0 kinase activity or
modulate (e.g., reduce) the amount of functional PKC-8 protein in a cell, such
asamast cellora T cell (e.g., a TH1 or TH2 helper T cell).

[0121]  Inanon-limiting example where test agents are first screened for an
ability to bind to the PKC-8 promoter, the PKC-8 promoter sequence can be
immobilized, as in a DNA microchip array. Different test agents can then be
screened for an ability to bind to the promoter. Only those test agents that are
able to bind to the PKC-8 promoter are then used in functional assays to
determine if they can modulate (e.g., reduce) the amount of functional PKC-9
protein in a cell, such as a mast cell or a T cell (e. g.,aTH2T cell).

[0122]  Ina further aspect, the invention provides a method for identifying

an agent useful for treating asthma in a mammal (e. g., @ human), comprising
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modulate (e.g., reduce) the amount of functional PKC-B protein in a cell,
WO 2005939 1%s a mast cell or a 'r cell (e.g., a THI or TH2 helpef G ¢&iB T84 211 n
a non-limiting example where test agents are first screened for an ability

COF&QE@@\ a;g,%ﬁé%%e@ga@ﬁ% &%%’?5% RLamIater seq caBRgably

iImmobifized, as in a DNA microchip y. Differenttest agents can then
litdee & eoee NBA fOran@bility o thind ¢st theepitomdtde tOmhinhoséf tést Bgeagent

that ar% able to bind to.the PKC-B promoter are then used in Iur}cgioenayth ¢
reigfgﬁé 5 RIS i oh§ i Hiclbrale RECG b dticsy the hfaurt o @
retinetional Pk Btiprotgithina seltesuahap tothagt icali entaf it dal (ggnta

TH2 T cell). [0122] In a further aspect, the invention provides a method for

usaBH g AR ESe U R BB RIS 4 MRHSP filg Seguence
et{yﬂ)@g'g% ﬁg%gpl?{t%m tlgg%réﬁ@cggepé@ﬁ ﬁﬁl@gﬂ)@ﬁ%@ﬁ%&er isina

cont nucle eguence encoding a reporter gene product

cebberably nliakeck tboa PR cell prethote avithlsoteEtRgesipend detbrmining if
the test agent reduces the producti eporter gene product
el e Bl detieihetio i Y
afpredugisidenified as apent oiskefuitfarteeatingl@sthynahla centaind is to
embodiments, the nucleotide seguence encoding.a reporter.gene product
S%ﬁ%&ﬁm%&? KD Gr oA S A g DS RAd G B T
pf&hotF R entl bt Rl NSIRgMmTIcR b Ldhe RipeQtideas a probe,

sequence of the PKC-S‘E%romoter Is determined by art-recognized

arpdetherssaenaommribnigeidmimawsTsedh afmdrmitias erpud.
A%@Ré?iﬁé@mtﬁégg%x @Qm@tﬂsmt@e@m{wé%@%mg}%

sequence of Interest using nucleotide sequence of PKC-0 as a probe,
pandehersisplating ithe meckestide Segtierrebio tingare ifrismbbreivunan
Another, limiting £x le ] P '
B e R B B A DN
whithmaprgenrgicNsbb y propigrelatteophdestichllyepsehaed:homEng
genomic DNA with a probe (e.g., a probe comprising the nucleotide
R b SH ARG HE B ERE B BT IR EOrCH IFEHEos AHrthdhe
costerpidibgyeeitke. CRNA prebetybrigizessibrodetadhitiagptode
band to which the probe hybridizes, the band can pe isolateg (e.g., cu
hybrigizre éléqz) ﬁgjg@téﬁ){ated (e.g., cut out of the gel) and subjected to

sequence analysis. This allows detection of the nucleotide fragment 5" of the
nucleotides ATG (i.e., the start of transcription site). This nucleotide fragment
is the promoter of PKC-8, and may be subjected to sequencing analysis. The
nucleotide fragment may be between approximately 500 to 1000 nucleotides in
length. Nucleotide sequences having at least about 70%, at least about 80% or
at least about 90% identity to such sequences and that function as promoter,
for example, to direct expression of a gene encoding a PKC-8 protein
described herein, are also encompassed in the invention.

[0124] A wide variety of reporter genes may be operably linked to the
PKC-8 promoter described above. Such genes may encode, for example,
luciferase, B-galactosidase, chloramphenicol acetyltransferase, f3-
glucuronidase, alkaline phosphatase, and green fluorescent protein, or other

reporter gene product known to the art.
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sequence analysis. This allows detection of the nucleotide fragment 5' of
WO 2Rd5%UiBleotides ATG (i.e., the start of transcription site). PhiE BRoetds1
fragment is the promoter of PKC-8, and may be subjected to sequencing
4G is. H‘S Q%L tide, fragment may, be between approximately 500 to
100?)/jsnucleoti8es ir?r%é)%gt[}% Hgﬁé?ﬂg%eea&égg@e% a%ipﬁﬁ%{ﬁgggfﬁgglﬁa

TQntat feast ot 808001 yalittast /bo PKA0W IH AP SUeh SSAHENEES 4

an th%t f%nc lon as pr%[?oter, for example, to direct expression of a gene
ERcoding APREWORIN Vie SR e RAR! dHsteaiehesmpicsed iR the

invention. [93244 Auwisla variaty eiapeiermenss may,beapesanly linked

to the PKC-0 promoter described above."Such genes may encode, for
BRI R fethriey = giesisaskigasminpibppenicon atetyitranpierdsesly
d3sFiuedrapidase, alkaline phosphatase, and green fluorescent protein, or
other reporter gene product known to the art. -36 WO 2005/062938

[BE6lU s 26ba /rrsesinohsiormong e imofthieinwentian thie nubledtiseyn
' rter gene that is operably linked to a PKC-0

R ey L Y B R B SR dh e s

fhost tellS K@ beemptayeddutheg irvanties-Sushaduclectide saauanse

y first be inserted into an appropriate or otherwise desired
C@oﬁn%iﬁ’é%?@ rﬁg%i%%%amys%mw BeserRsEd RBheRcqD sempences

tRhecvegiarstinqitis faep iihadpventio) mayaclpde atharknown genetic

elements necessary or desirable for expression of the reporter gene from

HRESREUGD RS SR RAEIEKIHR FegLnatBIg thRAR @) g weingrigianclasitide
sEQueNXaMPIS MM S R RIS ARV SESISALY,LARANGS! Seguences

that cooperate with the promoter in vivo, for example; to achieve in vivo
REgAsEHEdred fite fapotingene. The methods of introducing the

e b e P T
apeciadlidinsedyerciehad dingreoteparier gene agparablyslinkeetard if the
S OMIAR AR, Lsdeemiedi e st seny s
may be determined by quantitating either the amount or activity of the
reporter gene product. The method of quantitation will depend on the
reporter gene that is used, but may involve use of an enzyme-linked
immunosorbent assay with antibodies to the reporter gene product.
Additionally, the assay may measure chemiluminescence, fluorescence,
radioactive decay, etc. If the test agent inhibits production of the reporter
gene product, it is classified as an agent for treating asthma.

[0128]  Assays for determining the activity or amount of the reporter gene
products described herein are known to the art and are discussed in, for
example, Current Protocols in Molecular Biology (Ausubel et al., eds., John Wiley
& Sons), which is regularly and periodically updated. Further descriptions of
assays for the reporter gene products discussed herein may be found, for
example, in the following publications: for luciferase, see Nguyen, V.T. et al.,
Anal. Biochem. 171:404-408 (1988); for B-galactosidase, see, . g., Martin, C.S. et

al., Bioluminescence and Chemiluminescence: Molecular Reporting with Photons pp.
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rga}/ be determined by quantitating either the amount or activity of the
WO 2004851} gene product. The method of quantitation will dePERG &1 HH&!3281
reporter gene that is used, but may involve use of an enzyme-linked

SomoRQpevbenisasaay WD anibedics 1o the (ERBHER 88NS MRV, and

Additionally, the assay may measure chemiluminescence, fluorescence,

Yegoabivd debagy, Btecherhel Bt Hyaat iRibits frofuctiantobitieseePorter
t, L1 ifi S a ent for treating asthma. [0128]
B St SR Vel e 1
Hivbduotssdeseritned Thereii ame dsnawe: t6:théqart amnds are! diggusseds e fgipp.
X e, Current Protocols in Molecular, Biology (Ausubel el al., eds.,

2?)6%%] %1}(9(318@1@8 gg?%%ﬁ%hegsregiﬁ&uﬁﬁm %(-:g?y callytiptRtted. Further
cHeseintibraiodl assaysfandhe JonQHeELRe PROVES FiSCHRSOM NeTsiteg4
may be found, for example, in the following publications: for luciferase,
ARG - 6 VR4 i Sitler Y AO82H08 B fict oL I Virol
6339196403 LE REBNEILT MBHIN, Klothen!. B BIOIWBINASLRY g%vﬁ(gbd/, DE.

Chemilurninescence: Molecular Reporting with Photons pp. -
apgobitiery FMbOiespds bapynd 286 9538641999, Hastings et al.,
;Joh il 97): Jain, V,K. and . T.. Anal.
e L0 G A 1ot e R acnontiate s
thialire phegphttasérsetnfprstamplSeRranstisirah Bealefined by about 20-

iolumines and.Chernilumjnescence: Fundamentals and Applied
o BRI C 15 AR RS 4E CUET S G e Sl
dL994) for tichlacepbenioel aceivibansierasrsae GUleR, BerMathRES ity of
I. 152:684 (1987); Gorman, C. et al. Mal. Cell. Biol. 2:1044

nzymo
‘%@%Wﬁéﬁaﬁ@: etal., J. Viroi. 62:297-304 (1988); Sleigh, M.J., Anal.

[Biaghem [ 36 ABE2n6,CLOBEIEIURYARR;, @A NWISeRE M MEHAES 0 ds
Enzymol. 216: 369-376 (1992). [0129] Small molecules that selectively

ferrsie pecas e fhadiadisde admipatins ngdate mamardagtimbaman)
sEacivit fan e Jelined Y. apeut20; 391"3&?%?1%6@3'73%%% Inpig utically

PKC-O over other PKC isoforms: (IC50 is defined e concentration o
chfbrbitvoramatuesaftsinity pdreentdiotibthofcd e yriibitor targgtP {T130t

rI%gneostt I aspect gf %hefi?vention, E@{ vention provides mettg)d ; for
feating asthima that IhQludé SaRtiA ﬁ\&e ﬁ&rgﬂﬁm\iﬂﬁ?gﬁ'z‘ qq?‘]‘?ﬁ%fﬁ) the
mammal is a human. In some embodiments, the asthma is IgE-mediated
asthma.

[0131] “Treatment”, “treating” or “treated” as used herein, means
preventing, reducing or eliminating at least one symptom or complication of
asthma. A “therapeutically effective amount” represents an amount of an
agent that is capable of inhibiting or decreasing the production of a functional
PKC-8 protein or capable of inhibiting or decreasing the kinase activity of a
PKC-0 protein, and causes a clinically significant response. The clinically
significant response includes, without limitation, an improvement in the
condition treated or in the prevention of the condition. The particular dose of
the agent administered according to this invention will, of course, be
determined by the particular circumstances surrounding the case, including

the agent administered, the particular asthma being treated and similar
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suffe(ring from asthma or suffering from an asthma symptom a
WO 2048 utically effective amount of an agent that reduceRGR& gaKxid281
activity of PKC-0 or reduces the production of functional PKC-0 protein. In

cBRgiEmRLdimeRINE MARMS i,%%@%}ggié? FOME,SIPQmES. the

asthma is IgE-mediated asthma. [013 reatment”, ng-or
hypsatesp ersilsenkheréins ensagsrprevehiipgr reddcingoor, elinierting atrum

1i§ast.one symptom.or com lication of ,asthma. A. "therapeutica_llIy_eff_ective
mounrlt1§ ?erpdrg%gn 52 aéfnoagn?%%%ﬁp%%nt that is capable of inhibiting or

L@Eceasiighthezproductiphofdrfunptional BKGHQ preteinphcapabiedkty of
inZibitiﬂ%i or decreasing the kinasi]activity of a PKC-0 protein, and causes
rQUGH Tl SRR b B AR handi R | siEptrrearpdepibisagents may

binghig@sicnitbalsrimiiaion ARAMPrBYeMeN: ot encanditionisreated or in
the preventign of the condition. The particular dose of the agent

YRR G Y dRbraR e e TR niRtRaBASAHIa B e durese) 9@ Uddtermined by
tthiesRaFHeMIRY CitBrMalanaes,SWraRding 6 £as6 dngluding the agent

administered, the particular asthmabeing treated and similar -38 WO
[¥58%/06 208ameTiUS2D bE/ad BE8 isterntitiong hasthacatisitrdbted deytidrle

cmpkehgﬁﬁ%%@%@aﬁ %%Xe YRSLIESH o‘%}gi\éen ﬁ§ ig?g{r%% g}gog]sugrueswell—
hyperproduction, decreasing ‘scram flglr:‘1 evels or (fecreasmg alrway
kaowinaprige @132y Tiescaibedtsriay beaatmniBienddtora Tharforatbyral
j i fr ol ding enter arenteral and topical. For. ...
B B O e
Vilibateti 800N tramssowd @y osiibeutaneloeislya intraperitengalycceptable

intravascularly, intravenously, transdermally, subcutaneously, or any
B O ERESP (AT S5 b ATl 68 SRS Bal acceptable
cphmacswiicalihaceeptiablee carier Phasnasesticalisracantable:

Qarriersﬁagd thejr formulations are well- known and generally described in,

MEHE ARSI e SdieRd sl trmetieétl Pharmidy @oft
sEdition adidhiSenpaedech) dinpiasitsYuiiams & M kins, %Q%Lfg}red.

some embodiments, the pharmaceutically-acceptable carrier is in the form

The sAtsistoBRARKEREHR PHak frrselevdmplateaptiplpowders, lozenges,

suspensions, emulsions or syrups or other known forms. The carriers may
include substances that act as flavoring agents, lubricants, solubilizers,
suspending agents, binders, stabilizers, tablet disintegrating agents and
encapsulating materials. Solid or liquid carriers may be take the form of an
aerosol to deliver the agents to their desired location, such as when used in a
nebulizer for inhaling the agent.

[0134]  Tablets for systemic oral administration may include excipients, as
known in the art, such as calcium carbonate, sodium carbonate, sugars (e.g.,
lactose, sucrose, mannitol, sorbitol), celluloses (e. 8., methyl cellulose, sodium
carboxymethyl cellulose), gums (e.g., arabic, tragacanth), together with
disintegrating agents, such as maize, starch or alginic acid, binding agents,
such as gelatin, collagen or acacia and lubricating agents, such as magnesium
stearate, stearic acid or talc. In powders, the carrier is a finely divided solid

which is mixed with an effective amount of a finely divided inhibitor agent.
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carrier known in the art may be used. Carriers may be solid, liquid, or a
WO 2005MétuBe of a solid and a liquid. When present as a liquidrarrasrixaura ot a
solid and a liquid, carriers that efficiently solubilize the agents are

ferred. The carri take the form of les, tablets, pills,
R e R s S R

is fopRslvERe eatligienAay ieledeisubstances:thab aghas flaveling-agents,
lubricants, solubllizers, suspending agents, binders, stabilizers, tablet

OrgRTSGINRRG AHERRS AMMCaHERTANAtIRY BiieMals) Bend TR RS BRaRsbe
miRRYHefakete for plapiaeiasal todeliverins aasnts o their desired

location, such as'when used in a nebulizer for inhaling the agent. [01341

carpisrs o syetdimese s agvmistratioakyoi dudevexeiplentst-as known
' e art; calci 4 sodi arpbonate, sugars.(eg.,
LER g i e gt G e oy
efsotivers roatbuxyiethyhcetiulose)s gifegife:dn axabiogiragacantn)reducing
ether with _disintegrating agents, such as maize, starch or algjnic acjd,
A S R i PR B B ACCHTAR of the
agagentslisedhasdttagnesiuthataatatestbieatie agicholdalcainpewdersd ted

carrier is fin%I%/ divided solid which is mixed with an effective amount of
i

the PR AT iARIGIESH 498RE 286 WA SawsrIE sy fhe asthma and the
heBIB 84 82004043280 {Rcriulians, SHERGNSIONS HSHPsaneefiestine
amaunt of the inhibitor agent is dissolved or suspended in a carrier such

skillediarfisipaiam el iResrRet Urginielienvas e mnis agledrainubiiene
mg e} LIPS somRrasitons nap/beymase by dispsising the ipkibigeig an

agueous starch or sodium carboxymethyl cellulose solution or a suitable

e RAGRRCRFNE e 01BN The sipsiis sreadriimstehedaratarammal in a
cothBiaRgUIaRIlY cgﬁﬁgﬂvt@lgnm%b%&?@s@ﬂtmﬁ%%sﬁ?g%%mr?%%%y
a symp g

asthma or reducing asth toms. This amount may vary, depen

pearethid@aetiatyt 8P thieiglyape e theviesthgrdanbethgrcantipastivhusttic

P o e el S hE Bt of the patient. AToUgh Such
[0rEBbuntdrmaythindetdudinady, the skilled artibaidypic@riempesdicaliyn
orecfz}ctea t}ll\{l% %@PV%?}ESI‘EIQ():/' lé%ecggo r%%%stered in, for example, a composition
that includes one or more anti-asthmatic agents. Such agents are known to the
art and include, for example, B-adrenergic agents, including isoproterenol,
epinephrine, metaproterenol, and terbutaline; methylxanthines, including
theophylline, aminophylline, and oxtriphylline; corticosteroids, including
beclomethasone, betamethasone, hydrocortisone, and prednisone; |
anticholinergics, including atropine and ipratropium bromide; antihistamines,
including terfenadine and astemizole; calcium channel blockers, including
verapamil, nifedipine; and mast cell stabilizers, including cromolyn sodium
and nedocromil sodium.

[0137] In some embodiments, the agent is a nucleic acid molecule. In
certain embodiments, the nucleic acid molecule is a ribonucleic acid molecule.

In some embodiments, the ribonucleic acid molecule comprises a nucleotide

sequence that is complementary to a portion of the nucleotide sequence set
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mg/kg/day to about 100 mg/kg/day. Of course, lower or higher dosages
may be needed depending on the specific case. When the agents are
combined with a carrier, they may be present in an amount of about 1
weight percent to about 99 weight percent, the remainder being
composed of a r%;armaceuticalIy-acceptable carrier. [0136] In certain

embddiiBnts P adntormAmIER SrBREDBS Uit edisraithe amount of

actiyiykiay b seadminisieres it {9n ST aoraResitiangih %%et%t jnhibits

includes one or more anti-asthmatic agents. Such agents are know
art andshdlodeffon B pieddiagten@igic-agentsinindiuding dstprotebedakents,

epinephrine, metaproterenol, and terbutaline; methylxanthines, including . |
RS SRR et R e RS Cear AL AR g Chimeric

theophytine, amlnc%h;ﬂ
becipnietagsone, Petamelnasans; fyRrRCHtseRan 2H:NFelisOMR cof.

anticholinergics, including atropine and ipratropium bromide;

antiHldfthined? et eBten ARfra il e deritisres calbii dnliskelcxpression
blog‘f‘%%dﬁé@h@ﬂ@@ﬁ@@p%i&eﬂ%ﬁﬁ@ﬁiﬂ@&ﬁﬂ&@?@fef@éiﬁ?g UZRISell. Such a cell

including cromolyn sodium and nedocromil sodium. [0137] In some
embagiirhenss]dtwel dipent fereerarcipic, dabidiKélet liteodkocentaimse described below

di ts, th le ' i ' [ [ lecule. |
cmietInens, e e sedpolinis s BRI RIS,

sequenwelthatds cgegpletnentaityotd desaoeition ol §ve) nWilehide seatieRs& x pression
set -40 farth in SE%RIE% NO: 3. In certain embodiments, the agent reduces
the SriBORBETOHR RNA RREIGIRGHAY BRE2D DRI fisdothevhich the gene

embpdimenipite agenbinhibisranslaienaf anR H@t%ﬂg%gipg(égg?eg%r expresses

PKC-0 protein. In particular embodiments, the agent is an antibo
a pelydhgsahunddcional, humanized, or chimeric antibody) that

spegifically binds to PKC-0 protein, or a portion.thereof. [0138] In a further
asp@(fzi[,g%ﬂe in%mﬁ% ?Sgt slaﬁé%ﬁ’?ﬁﬁ?g)ﬁ?&c %&?&&?&#&ﬁ%% C-0 protein is
endegenusRIKGrpIED feetaiiremibaditentssthesallina mast GelaPYS treating
a cell_may be isolated from, for example, the PKC-0 knockout mouse

dest BB bEIOWISERAISS St {hi CKiamNesa0 homerbtipoddi -tagged PKC-
o oo e AR g BB ot
proteid thaydisaperal fourmanwel b friheiich-theegé MK C-0 protein measured in these
cells in the presence of a test agent. However, since mast cells express
endogenous PKC-0, some of the test agents may affect endogenous PKC-0 protein,
thereby muting its effects on the HA-tagged protein. This muting will not occur in
a mast cell lacking endogenous PKC-6 protein expression, and expressing HA-
tagged PKC-0 protein. Moreover, such cells are useful for screening those test
agents which affect HA-tagged PKC-6 differently than they affect wild-type

PKC-6.

[0140] In some embodiments, the cell expresses exogenous PKC-0 or a
fragment thereof.  Reference will now be made to specific examples illustrating
the compositions and methods above. It is to be understood that the examples are
provided to illustrate preferred embodiments and that no limitation to the scope of

the invention is intended thereby.
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encoding PKC-0 has been deleted or mutated such that the cell no longer
expresses endogenous PKC-0. [0139] A mast cell that lacks expression
of endogenous PKC-0 protein is useful, for example, for testing whether a
test agent is an agent useful for treating asthma. As described below in
the examples, a hemagglutinin (HA)-tagged PKC- 0 was expressed in 293
cells. HA-tagged PKC- 0 can be expressgdip;past cells and the activity

and/or amount of the HA- tagged PKC 0 proteln measured in these cells

in the@ﬁé&@ﬁ@lﬁ?@t@ﬁ : (& bandstaels@expressition Upon TCR
endogenous PKC-0, some c&gh@li%ﬁ %g)q a dogenous

PICC-0 protein, thereby muting |ls effec 8?1[1] it ﬁ?%gpd protein. This
mutiBg4dill not&dcit imlla(imadti€elddakinkpendagenous RIGCHO: Bl T cells are

CPIES SR A EXCOROBIL U e

cells are usefuPior screenihgth
PK Q@ differeti2 tiian) theyhafiest wilctypenRKER. (QE49CIN SO Been demonstrated

ts, the ce l e ress enous PICC-0 or a fragment
o R RS o T b S s b el ne 125

compesitiensastbehodhabevealt issr0e ¥odesstP0d Hg) e ause PKC-6 plays
examtg)lesﬁajre provided to illustrate preferred embodiments and that no

limifatiBH this Sedpesh iR SHaNTe iehaea tearepyraled cffect in RBL-2H3
EXAMRLE blsandibetvesion ik Stiruiation Qfiuman:to CeY%31-840 (2001)),
[01411 PKC-B null (i.e.. PKC-0 knockout) mice are viable, but mature T
cellél“ﬁr%da/éfé(&fl%q ﬁ‘%fﬁ@r%gﬁqﬁz YeGopeattengetivasoreds, and T cells was
NF-isB {4 et al., Nature 404:402-407 (2000)). In human cultured mast

cells (HCMC) it has been demonstrated that PKC kinasc activity rapidly

(<5 Plocalizeldotsitte ThEénbranke oo Rkig-fys raeixﬂpttmnsbmﬁfd(inghe central
(K”?@é?oﬁto%@%ﬁﬁtﬁg%?qgé ﬂ Bec lél)%%v (g) IaX %O%eurll)tljt%l four hours

role in TCR-mediated signaling as a monstrate

RBIHa eetis, Areat Bfaébpmfé p&uké{ﬂ@ﬂﬂ@@%@ﬂal@oomum@aam]me
BI0|w@%t§§hﬁé‘%@&@é&%&%ﬁ@éﬁﬂ@é& and EH%EQ MakE pKhosphory{\z/Ll tiont of the

peritoneal mast cells, and T cells was examin
PK.C-§ protein, human T cells were purified and PKC-6 translocation and

autophosphorylation analysed.

[0143] To purify T cells, mononuclear cell preparations were obtained from
Biological Specialties (Colmar, PA). Cells were layered on Ficoll-Histopaque
(commercially available from, e.g., Sigma Chemical Co., St. Louis, MO) and the
buffy coat was collected following centrifugation. The cells were washed several
times in PBS and cultured in RPMI/10% FCS at a density of 10°ml. T cells were
purified by negative selection (Dynal Biotech, Oslo, Norway). The purified T cells
were stimulated with soluble anti-CD3¢ (5 pg/ml crosslinked with 10 ng/ml anti-
mlgG) and soluble anti-CD28 (Spg/ml) for 0, 2, 10, 45, and 60 minutes (both anti-
CD3¢ and anti-CD28 commercially available from BD Biosciences, San J ose, CA).
[0144] For analysis, the stimulated cells were collected by centrifugation and
washed once in ice-cold PBS. Whole cell lysates were prepared by resuspending cell
pellets in 100 ul of hypotonic lysis buffer [20mM Tris-HCl, pH 7.5,2 mM EDTA, 5
mM ethylene glycol-bis(B-amino-ethyl ether)-
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[0142[ Following TCR stimulation, PKC-O0 is rapidly translocated to the
wO 20anrtal region of the supramolecular activation complex wherg b remsains

for up to four hours (Huang et al., Proc. Natl. Acad. Sci. USA

99:9369-9373 (2002)). To determine whether this translocation

NSRS unéfdenes Acaandiah Me tHes phonydtien it @KdGurpkstaimer
| h P . )
ntf'l':‘, Btza(%@ 1%(‘,’1’@5?1 RHH %%Bﬂﬁ&g Mﬁ?}ﬂ%@gﬁtﬁfﬁc@l susgga&ggpggﬁ\s

autophosphorylation ana [0143] To puri , mono
sheepedatin ps nieve ivtaigsd: fPorga Bisl ogivdleSHktialtie s ltGolmatriRArd at
Is were,layered an Ficoll-Histopaque (commercially available from,
e Sl T s e o CHLEAR s
coltected talidvsipgedentrifrigaganon s B e a fvashedrsexaraigiimesin
PBS andﬁ‘ultured in.RPMI/10% FCS at a ensitégf 1061ml. T cells were
5 : éi!??‘

ABARRSY by R SYERRISARERSh (B rarEsstd O s, RemEnere stiifsde

whsels overerstimuiaiesiwit salubie ARt GR3IA(A almlcrasainked AL AR
g/ml anti- migG) and soluble anti-CD28 (5g/ml) for 0, 2,10, 45, and 60

bifiried b additon st ArdNhte trsresrinierdisiy avdnatis fAdmiBptes.
TRIOgEIRRSES: SANDIRSRef a0 HARL 5P m%ﬁ%%gg%@m ﬁ%\?ﬁs}gl%ed

were collected by centrifugation and washed once in ice-cold PBS.
cepirijisatdionsiRppBgasadyirspeperiding Eelktieiersstiodgkgent
; i lysi >, Tri RV 2.5, 21mM EDT mM
e SheoLiSlE Aol Sh) 4 e pesdie
NRQTAABA004/0U3BEIL fradidh WatetraitedicraSIDERAAY, ifrpglehoifef for

tinnand tinin_per. mL, protease cocktail and )
e R e e P e s T et om
t@mgambﬁiaﬁﬁbﬂmﬁﬂoﬁamdammﬁgmw&%@? foitt- b'Bﬁ%ﬁﬁtgw PI;C—G
recipitate the nuclei- The whole cell extract was_cleared by high spee
Sﬁ‘éﬂéﬁ@éﬁifb‘%ﬁé’l&%&?{ﬁ‘g&?gak}ﬁlfé%ﬁ%‘ﬁhﬁépfé%’aﬂé%i??%wb8)" Inc.
(BytesBHaextEt was aertescand tae m@@?ﬁ@@%@@ﬂ@lﬁ were washed

once in the hgpotonic lysis buffer and then resuspended in the same

[Grrér withie Befomibiostivdasp biotdeteryiaiperiped erprebrst Bith anti-
PRENYes: (dha delergent solubls, ,”?PE%%&%C&QHZW&%;K%C%E%%% bion

another high speed centrifugation’step an remainiig p
Finadlyheddtergern iigolibléormbmbremen fraetitingtiedll lraetiothe blot was

s&%‘ﬁ%‘@iggaﬁﬁeiﬂﬁr%% with anti-actin (commercially available from Santa
Cruz Biotechnology, Inc.). '

[0146]  AsFig. 1A shows, PKC-8 is autophosphorylated in the activation
loop of the kinase on the threonine residue at position 538 following TCR
stimulation (via CD3 and CD28 stimulation). The autophosphorylation event
coincides with the translocation of PKC-8 to the central region of the
supramolecular activation complex (see Fig. 1B). As shown in Fig. 1C,
approximately equal amounts of actin were found in all time treatments.
[0147] Thus, these results showed that the translocation of PKC-8 to the
central region of the supramolecular activation complex corresponded with a
concomitant inducible phosphorylation of the activation loop of the kinase on

amino acid residue threonine 538.
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microdomains. This DI fraction was boiled in SDS-PAGE sample buffer for
analysis. Subcelluiar protein fractions were analyzed by 4-20%
SDS-PAGE, transferred to nitrocellulose and immunoblotted with
anti-phosphoT5,, PKC-0 specific antibody (commercially available from
Cell Signaling Technology, Inc. (Beverly, MA)) in 5%
blotto/TBS-Tween.05% (see Fig. IA). {1QL45bNeX3, the nitrocellulose blot
was strlpped and reprobed with anti- PKC-0 F7 {Santa Cruz
Biotechtisfod Aty aSxntan Cruritophpspber FiatidBYs Hir iwdé‘@sﬁmwmmctmtv
Flg 4 ,80 sh%vé/ qu IDI I'E blot was

f%n with ant(? 6’acﬁn cglmrllf%ércp aefly av I ?rom@an’ialpg Catm% cotresponded
Blot@lth rclogyomét ﬁﬁlﬂrlﬁl]bkspﬁlg;ph@rﬁlabwsthﬁ@e@tlﬂatlon loop of the kinase on
autgphosphorylat gﬁl ”MQ acliva Q loop Elthe kinase o th hreo
resmﬁje at pos¥tlon 538 foﬁ%wélng F?“s%r%% atior ?\)/llaC ANt Q;EJL’ uman T
stingal&iohly sT#é! gitop H@@}phbwtémml@venha@dm@msamm ﬂﬂebemg required for
traﬁﬁ!ﬂ&@tfgﬂcﬁ E%ﬁ@et[oafh%f:o%@gf?zlc@gjgﬂrg Ehg()@]%‘r@r‘gﬁ%ggtelrfo confirm

activation complex (see Fig. 1B). As shown in Fig. 1C,” approxim
equalaierhte BRactinweten ol ABYal aimelirdatndentt a[am?l]rfﬁtuhs

thesg resultsishenes) t%&ytlo %9 ﬂsf%n% %1%%‘&{85 [RIQD 1able

of the suprarnolecular acti com corres ond
conﬁ:om|£amtmém)b¢eephngpﬁbftylmﬂoald{maoampmuggemﬁpldémgmKW@ePKC 6

-43. EXAMPLE 2 P
oo e e e S S T PR,
desﬂﬁb%mﬂﬂm@@ﬂm{@}@ mmﬁﬂalgeltxmtstbbﬁmneamgehad)yuﬂ@ﬂat amino
W'trgtér’} Ogsq 1@528& It%dtum? h(s)rlxlriaé%]dgg Fﬁ@g tlog &%1 w%fstgenerated by

kinase amino acid T&8 ireonine upon
co sumeatmngﬁRJm«acﬂﬁrctsetbsl cbh@rammlemimmmgcﬁﬁpheoyiaquhaﬁce SEQID

e r e U|re ef nct L|u
(?arﬁ%a ﬁ%%?n% 8 §§§51112§é§§ 'Ilo Con TR ?g)ﬁlgrc% mtf—’%%DNAS
fuII tanytsscDNACWas é“llﬂbdwm@d withr po@iteviniesl 2 A nedly ghaotimime(HAl) y available
epi ! commercially av le_from
tf?g & 'i‘ﬁg K‘lﬁ?@% p Lﬁ%@tg@nﬁ%\ll lé;{gﬂ(? ?LOD S C? fulﬁ}b %\?ﬂ?f ently

Tnvitrogen), creating a A epltobe tagge
PKCa0s{eriefetidenSegigerice @ES@@I@N@mmccamﬂmtau&iWénwﬁg@e Mirus

ID N d:-1AR reagent commercially available from Mirus Corporation, Madison WI).

Cells were harvested 24 or 72 hours following transfections for Western blot analysis
and activity.

[0149] The harvested cells were lysed in hypotonic lysis conditions and nuclei
were spun out (see more detailed methods in Example 1). The whole cell extracts
from one replicate were run on SDS-PAGE and transferred to nitrocellulose and
probed first with anti-phosphoTs33 PKC-0 specific antibody (Cell Signaling
Technology), then stripped and reprobed with anti-HA antibody (Santa Cruz). As
shown in Fig. 2A, the kinase dead full length PKC-6 protein was present (as
determined by its staining with the anti-HA antibody), but was not phosphorylated on
the threonine residue at position 538 (as determined by its lack of staining with the
anti-pTs3sPKC-6 antibody). Thus, as shown in the transfection experiments in Fig,

2A, while the wild-type
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HA-tagged ldnase-dead PKC-0 was also generated by mutating the lysine
WO 20058a8no acid position 409 to tryptophan. This Icinase-dsauKONN43281
mutation was generated by subcloining PCR products and confirmed by

.sequencing, (nucleotjde sequence SEQ ID NO: 13; amino acid sequence
KGR 1081 CUDBI ST T BRIAS ek S Gt
(géfrlf@ah@mag gukiveicHddaey 293 Kelis(copunrisially availablgrdiem tha

American Type Culture Collection, Manassas, VA) were transiently

trypineRete ASHEUBIRBREITRARRSE sprésdivaripattatd usiHg mpds
evﬁl:!%mtﬁ%xl}{'EH%eJP@@@MM@%H&%@W&{Q@%% Uable fromh Miris.

Corporation, Madison WI). Cells were harvested 24 or 72 hadurs following
actiuptifaciions for Westhreidnanilysistiandeiviighoh49¢ Phertatvibstiag
I e lysed | toni IS condition lei_were spun
o A e PR R S e
presentegdlicate iwdreatantor $b S:RlaGdansl Rlaksfereddotritrdoe tulosa

nd probed first with anti-phosphoT53s PKC-0 specific antibody (Cell
ekt ot TBGg) 1 %ﬂ%&@éﬂg%ﬁfﬁﬁéﬁﬁ/ﬁﬁiﬁﬂ-%?R"aﬁ%ﬁﬁbwp'
AdBoai 88D AsoPHNpHBATRLRA 1S Kinnpedepebitihlenginsittoblot
protein was present (as determined by its staining with the anti-HA
AnARNHE AP B WAL BRI ph BRIt KBRS ok tRABTRE. Rl ! the

pRSSHIPR R385 detarminadhby disdacl.of staining with the
anti-pT535PKC-0 antibody), Thus, as shown in the transfection

[0ESYerimBrtestin HRso Ba ewkfet sHeami dhg perme 4 spiraBoB 06w used in
Pgiins . v . i _ d

e M R O R R e

Cytositioh A0S itstieepr oteidyierd ey ptophanchemyeitte iname K409 pldses

not_ phosphorylated. Although evidence from ot P isofor )
A T e e e D L ISRl peptide
sulbyeaninatRostians3stnighhave $TeR0 BEBUEAND: the RBKhkinase

based on evidence from other PKC isoforms, the results presented here

0.5ridhed8 tHAT RHeRAABERRBHL P PreBane Inithehiihta. Stba/otic 293
oSS ORI St e
plafAipaBrialyfexpresseddadtiviekinadd slodiain, amndoanalydisqftheV DTT, 1
mM CaCl,) in a final volume of 30 pul for 30 minutes at room temperature.
Kinase assays were stopped with buffer containing EDTA and transferred to
streptavidin coated scintiplates for washing and radioactivity detection in a
plate reader. Peptide only and kinase only reactions were subtracted from
final counts as background.

[0151]  Asshownin Fig. 2B, the kinase dead full length PKC-8 protein had
dramatically lower kinase activity at both 24 and 72 hours following
transfection into human embryonic kidney 293 cells as compared to wild-type
PKC-6 protein. Finally, the ability of wildtype and kinase dead PKC-8 to
result in the phosphorylation of an endogenous substrate, IKK (IxBa kinase),
was determined. To do this, cells from the duplicate sets were lysed in 1%
NP-40 lysis buffer and the detergent insoluble membrane fractions were

transferred to nitrocellulose. The nitrocellulose blots were probed first with
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purified kinase domain (data not shown). [01501 Next, cytosolic extracts

from the same replicate (i.e., those used in Fig. 2A) were analyzed for

kinase activity in vitro using a peptide substrate. Cytosolic extracts were
analyzed for kinase activity in vitro in 96 well plates with 5g protein each

with a final concentration of 83 Ihl biotinylated peptide substrate (amino

i L e ARSR (ISP PES A I I ) sV e Gy oo and
ATRe{sp6ific AR tivity 1RG00 @IV mmsbdled M (1) BnAGAs Technolo g As shown
phophatidylserine, 8.4 ng/l diacylglycerol in ADBII buffer (20 mM M(% S

pH Wil@%ﬁmédng& elienytenairkiviese diith RIRR IV aeradatbim i
DTEnds M EaG12 f@dipal volume of 30 | for 30 minutes at room

temperature. Kinase assays were stopped with buffer containing EDTA

and $idferrebirestrbpshoitiniodatsd Bt mip et fornwtasteitigatitics activation loop
radipaGHKIGASISEHRN 1 2, platg (GG PRRlide anly-And Kinase i
reactiqr?s were s?ubtr‘éc@d"from f?nal co%%% %Ogsgg&%ro hsdrefalige RS RED
showh T Figd2BheRinasbdead Yull Idgtbe R KGa8: priotsindetidity using a synthetic

dra@&%@ﬁ%ﬂ%’(hﬁi‘geﬁﬁjPé&?&ﬁ%%}éﬁ%@ﬁé%é&@ gf%ﬁ?%é%éoﬁg %&J%ﬂa‘?%?@t)o These results

transfeciion into human embryonic kidney 29 as com

wildagfsetPRE ilkdreink mirrsl i duns el popwilduatiandkirass deakinase dead
PKC- result i p rylati - naus substrate, IKK

KB B AT C AN TS cere
weralippbdsiphd9sl aNen 46 dysisqbafierd anddhe abtergentintaiuipentic modulation.
membrane fractions were transferred to nitrocellulose. The nitrocellulose

blots were probed first with -45 anti-piKa/[g; fhen stripped and reprobed

with anti-TKKa, and finally stripped and reprobed with anti-ZcKB (all
antibodies from CellMsghanisg véERsdIseR f RK Eh8Kinaaeronpn

wilddygs; PKC_:SQxﬁ)é’st Reltekinas egﬁﬁ‘glgcﬁg:'e@u'@éwéqge? 'ﬁl&%anism of catalysis of the
phosphorylation of IKK-[3. 101521 The results shown in Figs. 2B and 2C

derfigtistizitestHar e dchbaiidrkisats dumspnodkob/idon Trelo shiheatalytically
threprine @t pas M@xgés&w 5% gi%vrrﬁféé?f& s&%&&y@yﬁ%@%%‘gg@#ggder?faﬁon sites,

shown by in vitro cell lysate kinase activity using a synthetic subs

(Figi @Bhcsnsl phes phokytationlahemdoEnoLs (RKAPIK RCmiiesa dessitises 362

Eg;{:gae%déga%;avsvI%grégy&%rlgsré%a%rlﬁdpuucr?gey CI'% %Q Qcﬁpst] %ggtéoﬁbv%ggi%%saglc? residues
362 to 706) was cloned into a pET16b expression vector, introducing a hexa-histidine

tag to the C-terminus. The amino acid sequence of the his-tagged PKC-0 KD is
provided in SEQ ID NO: 63 (note that the N-terminal methionine and glycine residues
in SEQ ID NO: 63 do not occur in full length PKC-0). The plasmid was used to
transform £. coli strain BL21-DE3 for overexpression. A 10-liter cell culture at 37°C
of an optical density of 0.4, was induced with 0.1 mM IPTG at 25°C for 3 hours
before they were harvested and resuspended in buffer (25 mM Tris pH 8.0, 25 mM
NaCl, 5 mM 2-mercaptoethanol, 5 mM imidazole, 50 uM ATP and protease
inhibitors), and lysed using a microfluidizer.

[0154] The lysate was applied to 20 mL of Nickel-NTA resin for 1 hour at 4°C.

The resin was subsequently poured as a chromatography column and
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version fails to do so. These results identified PKC-0 activation loop

WO 20giuteph®sphorylation as a unique and novel mechanism fegthgtanglie s
modulation. EXAMPLE 3 Mechanism of Catalysis of PKC-0 Kinase

jn [0153] Studies were next performed to elucidate the mechanism

D
ORGSR TR IRY AOVBI AP AR PREL kiAse Motk otein
HedTe decthisicatalylicaly gty Q@Wi“@%%%fﬁ%?‘eﬂ%ggmtﬁgi was

_purified for analysis of the phosphorylation sites. For these studi
immesiafslidnreed RED P RGO R emins B aedidues@62nto0786yashed
Wasfirshexaressed apd-nurified To,de thi PKC-QKD (amipo acid |
residues 362 to%?ogl)ﬁ\'/v?gg&@%l& (l?'llfogam g@ﬁ%&% r@égg?fé%rﬁ being
rasebecing thehepplivstidine! tajrteathgr@dtenminos ThendmnioGegCishv NaCl.
e 1D NO: 63

f the. his- KC-0 KD i ided in SE
RPN Rt A e ST ) B TS PR DO,
63 matooasidr il eRgih RKGR) 8 The plssmid masusedita fraasform

E. cali strain BL2I-DE3 for overexpression. A 10-liter cell culture at 37C of

hSRGICAF ABHLRGIEY, SoheThidae Bew thonshi P RS atnEdiste arplied
tbafRjeI bRy wese faryRated Mm%u@&%&@&%%&%ﬁggéﬂm *i‘%kéj’%,g.o,

8.0, 25 mM NaCl, 5 mM 2-mercaptoethanol, 5 mM imidazole, 50 p
SGraNoteGhe TMLRAS), Aningarcgradisgte friorbfwidizoesfokB4]ffe 0 to
1Rl MAs:aRR} Niekel- .resin for 1 hour at 4C. The

resin was éggsg%%%f oﬁ%&aﬁ%ﬁ%ﬁ%&%@h@nﬁ uer(riI i ahd 48 We

OPGONPE2I ¢ HE Sing S2004i00328 0 nvadsieg bytenkivety dithythelsaramight
' i Jmi I rqtei und sin.was eluted

i 208 i R by S BIOIAR ke A B ety

[E¥Enion¥rehanger @camo thieycotutysivas washRanwith 2% A/ TiEsHkE -
5 NaCl, 5m ,.50 JaM ATP before being resolved by the

O R THBES BFachans FEh ¥t 6ol \EGIE FraEhas

0.c00inhg; BEEL0. KD were selectesh by SPSPAGE §&9'§%ﬁ@9 dipted

two-fold (%th 25 mM Tris pH 8.0, 5 mM DTT and loaded onto a k?eparln

CERRBTHOGREIH BN THe ol hrcugitevaanehmidkiratery wptiedl to a
s s sy SIS,
robot (Genomics Solutions, Ann Arbor, MI). The sample volume was reduced
by SpeedVac and reconsituted with 0.1 M acetic acid to a final volume of
approximately 30 pl. The peptides were then subjected to nanoLC/MS/MS
analysis. Briefly, samples were injected onto a 75 um x 10 cm IntegraFrit
column (New Objectives, Woburn, MA) that was packed with 10 pm C18
beads (YMC, Wilmington, NC). The HPLC gradient increased linearly from 4
to 60% solvent B (solvent A, 0.1 M acetic acid /1% ACN; solvent B, 0.1 M acetic
acid/90% ACN) over 45 min with a flow-rate at 250 nL./min. Mass spectra
were collected using a LCQ DECA XP ion trap mass spectrometer
(ThermoFinnigan, San Jose, CA). The MS/MS data were searched against
PKC-8 for differential phosphorylation modification on serine, threonine and
tyrosine, using the Sequest algorithm (ThermoFinnigan, San Jose, CA).

[0156]  To aid in the analysis of the mechanism of catalysis by PKC-8 KD,

various mutations were made in the PKC-8 KD expression construct using site
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100 mM eluted the target protein. The protein was then sized as a
WO 2005monsmer on a Superdex 200 size exclusion chromatograpkis200ining1
dialyzed overnight at 4C against 25 mM Tris pH 8.0, 50 mM NaCl, 5 mM

.DTT and concentrated. [0155] Next, mass spectrometry anglysis was
dirsgifsr et ad eI IS IPRES %ﬁfﬁﬂ%‘?ﬁméﬁ air?ﬁszaé%’mmgﬁ&dz,

JoIRa M P T JLQS @iees @l aRes OR0ZRY6 RN 3Reatdh AR AgUbRA.

10% Tricine gels (Invitrogen) and Comassie blue stained. The bands

Theepareixeigedvand Supjeted 36 Aryeibaigabaes fatmhy sy gorishegayild-
typAl\f/Ier XS I)x‘_%‘{'lPh'ar}\S & rﬁ%%%%ﬁ'@‘é%%%@r ”Pﬁoéo%?ﬁg%é%r%'%%méﬁ“&y

e sample volume was reduce peed Vac an
imracomtitutechdvitin@sk Msoeticf acightotaifirativohtine bfy Eppddrimatsly30

.. The peptide re. then suhjected to nanoL.CIMS/MS analysis. Briefly,
(o To R M CIEd SR AT o S TONE risr B Lo AR Qe
an&ibiedivess- Wobsms MADPatrwas aacked witholOlpitbeel 8nbeads (YIVIC,

_ Wilmington, NC). The HPLC gradient increased linearly from 4 to 60%
imaowrakBitsBIvEHt Altber MeeticrdoidRiY ACmiaderian B.arNrtietic

avéﬁ%@%ﬁ%@é%é%g@é@ C%Q%"(E%%@Iﬁ%%%ﬁ@zé\éﬁ%ﬁgectra

were collected usin Q DE lon trap mass’ spectrometer

antitvsknorinmigrain anvadsb OBy IT Fevitisias (fasaloud, Sedidhetio

[ PKG:0.fgrdifferential phosphorylation modification on serine,
bl(ﬁﬁ%%% and It1yr('30§|n(-:3, using the Sequest algorithm. (ThermoFirmigan,

[0Sah Josk|Egp it dioyasclidite armlisisbh tiiiaeehaniam of catalysis
PKC-0 KD, varigus mutations were made in the PKC-0 KID expression

by PK
PhSéﬁé‘t?ﬁXl"ﬁ%g’%ﬁgKgﬂﬁ@ SUBEIEI8 146 CTIIISD 064 B2 HiRktfed

théneItaganesisitsinga kiheammeassialy avalabie framstrataadnts iea
Jolla, CA). The sequences of these mutations were confirmed by

COBERMIMRIAG! THORBASHIRTE arE Sxpies sxR s WaSKiNNsE abbs&TsriRE d
m&IBESSIPOPIHWildn e BK Ced R .2 aHiN gt HO AW QLE Rl

lysates were analyzed by immunoblot and kinase assays after protein

melstmationasy @r@f@#ﬂ%ﬁ%iﬂ(@&h?ﬂ@m@ﬁﬁ%@&ﬁa@l@ﬁ@@ma@@ Rad73
ol Al s el B R R
6 dPiGetrantibiodyy. conbiégsid@ly-3D are schematic diagrams showing the
characterization of PKC-8 KD autophosphorylation. As Fig. 3A shows, the
novel C2 domain is located at the protein’s amino terminus, followed by two
cofactor binding C1 domains, and then the carboxy-terminal kinase domain. -
The conserved phosphorylation sites (i.e., threonine at position 538, serine at
position 676, serine at position 685, and serine at position 695) are indicated
above the schematic of Fig. 3A, while the PKC-8 KD N-terminal and C-
terminal amino acid residues (at positions 362 and 706, respectively) are
indicated below the schematic.

[0158]  In the mass spectrometry analysis, the m/z ratio is the mass/charge
ratio of the peptide, and z (the charge) is 1. Thus, the m/z ratio gives the mass
of the peptide fragment. Mass spectrometry product ion spectrum analysis
indicated that that Ser,, is the phosphorylation site.

695

- 48 -



available from Cell Signaling Technology (Beverly, MA) or the anti-His
antibody commercially available from Invitrogen (Carlsbad, CA) in 5%
blotto/TBS-Tween 0.05%. [0157] Mass spectrometry studies revealed that
PKC-0 KD is phosphorylated. As PKC-O KD expression was carried out

in g j, where there no serine-threonine kinases, the, mass .
cpd e aletry T 2 AR R AL e SRR
expressetMAse! TR eSFrediordtD nmasssbaved onahie amiid 46id) at m/z 705.52,
se e.j ‘ ns e | ss, determination .
o R I R, Ny 8 SR TS St o
whigteesrindieativerspideophESphiyHAQREWIOR £ 07 Q dRAMPIOATIds dnnim Tptisitions

Figge 3/ Are schamatic di ] g th izati f. .
R s e g 1 SRS, ro

is Iobatetthe tHePIotEIn'sPaATHE! i AR A AEFSYOthRD ¥bfdtiidk LGQK (SEQ
binging; 6! @ma&aﬁnﬁ\@%m@cﬁbmga&mﬁ%miri%&iaz@?erﬁ@gm@éﬁcﬂi@ﬁ spectrum

conserved g)h,osphorylatlon sites (i.e., threonine at position 538, serine at
postishes 76, $Kridcat PsHioRPBat, dnthise1ing 4 podiflin BYB)ee that the
indiciigshavaxRAgiSehemata pi e $ﬁ¥5¥¥hii@cﬂ%%ﬁmé@%@ine residue at

ITT-terminal and C- terminal amino acid residues (at positions 362 and

708 F8ERB At Bic Al beIdh e dodatad by prsadiamide mass

spe@irgnjetry anadysis, Hhespin badigisithe mMAssiena eanatiRi Pt the s were
peptide,l_f%[l z (the charge) is 1. Thus, the m/z ratio gives the mass of the

peptidR e Rt WAL B BTy RS Ad e on S JRE G SiRgRISTLY)- Mass

indigatedothatrthaldSer. disdhe phpsehmation siescdd [P 94 LhusnRigtic
3B shows th}e}gro ucjion spectrum of the ge tide NFpSFNMNPGMER
(S o: i - B2 57vhi

é&s‘l%v“f\? S5 (SPArAIRCBUSitOHE V% 5% B ords 8Farpitikely to be

confirmgiebtipab Se46A5 iathesibespboiddationbie: fighiSCasWws,Wes not detected
prognugttion . spectrum of the peptide ALINpSMDQNMFR (SEQ ID NO: 65)

(spannlﬁﬁp[t)lcc) |f|:8tﬁse’681-692) at m/z 760.48, and indicated that Ser655 is

the[ph6sphoryiationssiticfigriBE rehevisitheqrobicTion SpeThipiafithectvation

pe tige i‘IéNTFC TF.1>1DSY 1oP ILLGOK iSE%l __r(g: th sparg ir} L

positions 558 ARy h rﬁﬁ rﬁéﬁﬁf q’ﬁ&proc}u%#\llor}/ $p 8(%?11 o %?51%“ of the

indieated dihe qiposphatearn this peptitien @nchalbbrindiedted thahtphorylated (Xu
et al., J. Biol. Chem. 279(48): 50401-50409 (2004)). This result is surprising given
that it is in contrast to previous proposals that the activation loop is phosphorylated by
PDK-1 (Balendran et al., FEBS Lett. 484: 217-223 (2000); LeGood ef al., Science
281:2042-2045 (1998)). Indeed, previous studies of the kinase-dead full length PKC-
0 mutant K409W have shown that this molecule is not phosphorylated at Thrssg (Liu et
al., Biochem. J. 361: 255-265 (2002)). Using the HEK293 cell heterologous
expression system as described in Example 2 above, the lack of Thrssg
phosphorylation of the K409W PKC-6 mutant in the cells was also observed (data not
shown). This finding implies lack of Thrssg phosphorylation due to the K409W kinase
mutant’s inability to autophosphorylate. Furthermore, the K409W PKC-0 molecule’s

abrogated Thrssg phosphorylation correlated both with lack of in
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phosphorylation site is either'1hr536 or Thr53s. Note that the cysteine
WO 20pe8iddat position 540 (indicated by # in Fig. 3D) is alkyRE8dUsp004/043281
iodoacetamide. [01601 Thus, the hydrophobic motif Serh95 and the turn
motif Ser685 were identjfied as autophosphorylation sites (see Figs. 3B
& %%ﬁﬁé%s&wéwma@%ﬁ&ﬁ%%%ww ahgphorylation (data
RiespReRylation at Ser662 and Ser657 turn motif residues. Based on
homologies with other PKC turn motifs, Ser676 is likely to be
[8E63phosPacryisastivmethi ipmotevidentigetrisd Stadies, BKSdtgrgvation

tected, in a. i ide. The i h
e R b T B g3
(@06ophosphod/kitdd federfadlBD0Ir2AEH(1LR%G)¢ detemminationmhtiae
bacterially expressed PKC-0ICD confirmed.the Thr residue i )
B B p AP n 5% oy o D-e0bs oAy

ket PIE CLTISINGGMIh BB E 15 1 CPRASH IR REBVIOUS PIIPOSAIS3D).
€)i-gdhgt the activation loop is gﬁgg}spﬁ)rylﬂzed by PDK- (Bal%(?%%fan egt at, D)
‘Ersgsingtaragap rineshly Supn) e et Eeathatravealoie 2042-2045

$13980ndeed q@{ggieuﬁ?zéygrgé\%na kingseserd MiHengh G alh of the
n that

mutant K409 W have sho this molecule is not phosphorylated at
PrREs8EE ilhat. 4K 1BibehenBi0/36 e 7587966326040 1 - 204inR) (RROMEK DB

. ion syst ibed i le 2 V.
L B R S P oo
arefisvithsthisaOithsdivdobftiaté wichHowe)relbis findingeityijessigahaion ef

hr h ion due to the K409W kinase mutant's inability to
“g-ué‘gﬁ%%pﬁ%%%@g@ermore, the K409W PKC-0 molecule's
[abeagatedTdrhis phasehomationeerelatedbatiiritd taskehincAF M tion
2005/06291& PCT/US2004/043231 vitro cell lysate kinase activity, and

ferndddertbiid i dhEasHyshRerRivdI @At Rty whp phepyfated
(Becauze kwas beenpreyioushy Auggesigd that hip Bk P retivation loop

is phosphorylated by PDK-1 (Balendran et al., FEBS Lett. 484: '217-223
rhospyorEBsd &G andiether 263 C20a2ly0d543908) fhihkiresgidanain
{oaeauSaEtpMR-anaNaR ARG SNt EF L . L SIS BT 1ation
bacterially expressed PKC-0 KD is autophosp oryFated are surprising
(seaBiys a8 BB vEHisiissinmp dnedxplaimstbbycthediray stratiisréNthaton, A.
FeVBAIS NG al fournal. 370: 361-371 (2003); Balendran ef al., FEBS Lett. 484: 217-
223 (2000)). The results presented herein reveal that in contrast to the
prevailing hypothesis, PKC-6 is uniquely capable of autophosphorylation.
The findings presented herein on the characterization of the PKC-6 KD
present evidence to support that in addition to the hydrophobic and turn
motifs within the kinase domain, the activation loop is also
autophosphorylated (see Figs. 3B-3D). These studies do not rule out the
possibility that in cells PDK-1 can phosphorylate the PKC-8 activation loop.
However, in contrast to bacterially expressed PKC-8 (Smith et al., |. Biol. Chem.
277: 45866-45873 (2002)), the findings presented in this Example show that
PKC-0 KD is capable of autophosphorylation at the PKC-6 activation loop,
and therefore, does not have an obligatory PDK-1 phosphorylation

requirement.
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phosphorylated Thr,,g in hydrogen bond interactions with the side chain of
WO 200the2preceding Thr,,, (Xu et al., J. Biol. Chem. 279(48): 5040 1-B0%09:3281
(2004)). This interaction likely further stabilizes the interactions within the

activation_|oop and with the aC-helix, both of whjch have relevance in
L Tt it M R A G
rRudier have sugaesisdadatalytic sompeatantcaefarreatinresorRKC-0

wherein the activation, loop is constitutively phosphorylated (Newtaon, A.

pbosBlsteatiealSHarAata 7381 Bese @R NPT B praRARbic
nfEEand piher @ Estamily kipases. aidheddpage-domain -acivatiomioap,

68

as a redftiired modificatioh that precedes autophosphoryiation occurring at

Seopsensatbsitesastethinaytapho birpaicke ttha wabtifs |kewtolsoA. C.,
iochemical joyrnal.;370: 361-371,(2003); Balendr : eff
PRA B B 000} e i e B0 S BT
atodipdoppévaiitgibypoth asid)PiEGris tilidiredll gapabidafion to the above

. autophasphorylation. The findin resented herejn on the . .

R R L P B B HRELa BT D lbBce Boaidpes oee
aadsiiion Hoshe v ophekic Bnddwd bingiifsanitbihihaddnase domain, the
activation loop is also autophosphorylated (see Figs. 3B-3D). These

[QHales dBHoLRHRGRI thEeougibiiyaHat iy BT BIR-CERS required for

Kphesrhatvigie the HKC-PiaglivaliondeomssHewensr2 i capiastiigly, several
bacterially expressed PKC-0 (Smith et al., J. Biol. Chem. 277:

PARSBhOISEOR 66 PO TR rasdHie I hitRIa e PRpE sHEHF that
eRAHmAd R s rRapakie AT AHIRRRASRIPTYIRtgon AL mﬁ@i@g}%' B, To

loop, and therefore, does riot have an obligatory PD phosphorylation
dre quisementi k58t Of 2605/0 620 18 FtOT/ 8P 0ew 04328 it afdasU W dlite

mass spectrometry.data shows that the bacteriall PKC-8 IC
RO PRI S A1 e KA R T Rd T B
shiperidentified jn M%lﬁ»‘é(ml{'t_ﬂn@?ié reodedydapkobien Mgtf-Sertant

turn motif 5er68S, and activation_loop Thr,,e or Thr5;E. Turn motif Serbs
fpss ettt v rrarRRSEBIEIRB iGR SERENF A5BOBHbAGY &M
10336 O SRAUGREEICILIOEHiRE! biS& Y IdenEliedand reprobing with

staining with an anti-His antibody (see Fig. 4B). Fractions of these E. coli
lysates were also subjected to lysate kinase assays. These kinase assays were
performed with a final concentration of 83 pM biotinylated peptide substrate
(FARKGSLFQ), 166 uM ATP, 0.5 ul of P* ATP (specific activity 3000 Ci/mmol,
10 mCi/ml), 84 ng/ul phophatidylserine, 8.4 ng/ul diacylglycerol in 20 mM
MOPS pH 7.2, 25 mM B-glycerophosphate, 1 mM DTT, 1 mM CaCl,, in 30 pl
for 30 minutes at room temperature. Five to ten pl of the reaction was spotted
on phosphocellulose paper, which was then washed three times in 0.75%
phosphoric acid and once in acetone. Scintillation cocktail was added to the
phosphocellulose paper and bound radioactivity was detected with a
scintillation counter. As Fig. 4C shows, of the various PKC-6 KD mutants
tested, only the wild-type PKC-0 KD protein and three mutant fragments
there were phosphorylated on threonine 538 showed activity in an in vitro

lysate kinase activity assay. Indeed, the lysate kinase activity correlates with
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autophosphorylation site in the turn motif. Finally, in addition to the above
WO 20igentfisd phosphorylation sites, at least 2 additional aminecatic residuest
are autophosphorylated but not detected by these techniques. [01651

"~ The amino acjd residue Thr,,e in the activation loop is required for kinase
R R GG PRSI I PEOSG Clion) ACE T devator
®hosphoryatar sitel prRInhRietiensithin sheAinageidgmain were
examined for their effects on activation loop Thr5 ,R autophosphorylation.

9466 thid e seshf_ARAS BIPKE Ranprbteitcdnd samina hidagphebic
HEIR A35RYe ROVERLEPOIOHING BPANEIR o116 a0 ANHIRT,d PKC-O

antibody. As shown on Fig. 4A, only t type protein and

ahtepmepditrftagments aesled we teypihespgoifilated pndtiedydasgrebin the
Siti . Equal loading of the | was determined by stripping the

T L g T AN RS oy s ey 625

higetiensood tése)En daly. lsateBhuer ehalserubjagied tedy 368 ikiDBEgatory

fas%a%é These kinase assays were performed with a final concentration

of

W Bibtiyraes R pptieasutRmanstirisR ke 81y adeinass peidviry of

PePRBTR (3Re6iicactyEs3000: ARG, 1&?‘9'{% BRNHL inactive and
phophatidylserine, 8.4 ng/ | | dlacylglycero% in 20 MM MOPS pH 7.2, 25

e dnpccroptsigatfale 38 mamnd KE0IWh veenectiy ¢hy36de forsoidinudeéC).
{ i ten | of t j tted.
s A OIL TR ST 9, Thre
PHophlespbewithting tieeethe 66TchenSeintiltafiog édcktaihiashadded tootif
ocell e paper and bound radjoactivi s det with a
R R g e R e
itested4anly the wild-type PKC-0 KD protein and three mutant fragments

werg,phosphorylated on threpnine 538 showed activity in an jn vitro
{ysa%e kingg%1 %65\%?9 é%%ﬁﬁﬁ%ﬁ?e(%%%nﬁféﬁ}%gﬁﬁ%g %éii$%/§67e8ﬂgl o
Witk chdeWEH 200R/0RAF 1S RGTA /R348 kuila eHentRE PKC-6 KD
phosphorylated threonv- e 538 (pThr5) detected in the lysate for each of

(58 Eigrédsantitianid (eshpara trgstahrapd aeslyohebirned e fine wption
iﬁqﬂéi@mﬁ@%dgwé%@é@% GotesUBALVAORADRIG, A ORKGR KD is

also required for optimal activation loop
mutation in the full length molecule reduced kinase activity by 80% (Liu et al.,

Biochem. ]. 361: 255-265 (2002)). The residual activity of the S695A reported in
full length PKC-8, is consistent with a modest phospho-Thr538 signal
observed here for the S695A in the kinase domain context (see Fig. 4C, the
5695A mutant). This suggests that Ser,,, mutation results in Joss of optimal
Thr,,, autophosphorylation, consequently resulting in attenuation of kinase
activity. This feature is also unique to PKC-8 among other PKC isoforms. In
the case of PKC-8, it is likely that Ser,, and Thr,, autophosphorylation are
somewhat interdependent. A PKC molecule phosphoryated at the activation
loop, is described as a “catalytic competent conformation” that exists prior to
cofactor binding, autophosphorylation, and substrate catalysis steps (Newton,
A. C., Biochemical Journal. 370: 361-371 (2003)). For optimal PKC-8 KD kinase

function it is likely that autophosphorylation of both activation loop and
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autophosphorylation, as evidenced by the significantly reduced signal in
the anti-pT,, Western blot panel (see the S695A mutant (i.e., serine at
position 695 mutated to alanine) in. Fig. 4A). Thus, the serine at position
695 is obligatory for PKC-6 KD kinase activity, as demonstrated by the
lack of kinase activity of the 8695A mutant (see S695A mutant in Fig.

% % gh I|t thetl (%tlve a F&aie -dead mutations T538A and

46 rglsoplec c|)\1/qe (aee'eigs n dCABY U COMRACR! (I PHBER AESidue

omiaez mamg@mmelmrtb@m@mwtyw@ﬁh E'ecaHeRhPSPhAR/aeRsed

M d?,é&egg?f% rpulta tin Fi , While the turn motif residues Ser6,6
ave & partiar i 38? BT BT ICHES BEE NSRS Fig.

exmne[mssmﬁmtmmaueamamlym gepniapsiiaiadthat baiioarbeaRd in

detSer in tge contserve%tum motlf artlally impact kinase function of the
%H% é%eelf—' [JSARCLIY U Eﬁﬁ%ﬁ%ﬁbr@ﬂ%}ewously that the
S676A mutation in the full length kinase does not affect kinase activity,
while the S6 tlon@the ] length molecule reduced kinase
|u é

activity by 80% HERRHD As88s Wi BESCSbb3)). The residual

Pedtildty ofednei8695A reported in full length PKGeRrds consistent with a pl

I modest plds§kiSTTR(338 signal obsebsedtbere foethe-SBIRAIPINE 12.01
kinase dovR&INRAvtExt(see Fig. 4C, the S695Aupitant). This suggests
that Serb; mutation results in loss of optimal Thr, autophosphorylation,

2 consequBfithRfesilifgiVttenuatiosubftkitase metiditysubhisofe®re is  12.31
also unide&tIPRE0®ong other PKC isoformiplia the case of PKC-0, it
is likely that SerF95 and Thr5;e autophosphorylation are somewhat

3 interdepédEntSEMKC molecule pruspharyatefatth® agtiatidnctonp, i8.75
describe@® S dADAfAyHHe competent conformation” that exists prior to
cofactor binding, autophosphorylation, and substrate catalysis steps
4 (NewtonR TP KA Grkeileaf Nburnatberae361 137piacoa)psafioptimal 10,84
PKC-0 KBHhHR&Qirndtion it is likely that autophsgginorylation of both
activation loop and -52 hydrophobic motif contributes to the PKC-0

> catalytid é&%‘féﬁ@onformaﬂon" inp1ig8] HapheydsstablishadPie 12.01
phosph S8 r&fationship of the expressei@hactive PICC-0 KID,

——gdetalled-enzyme -mechanism studies were next tmdertaken to_examine

the lanase catalytic reaction. The peptide substrates investigated for use
[0169] Peptide 1 and peptide 2 are substrates derived from the pseudosubstrate

region of PKC-a.. Peptide 3 and peptide 4 are derived from the phosphorylation site in
serum response factor (Heidenreich et al., J. Biol. Chem. 274: 14434-14443 (1999))
and the phosphorylation site in lymphocyte-specific protein-1, respectively (Huang et
al., J. Biol. Chem. 272: 17-19 (1997)).

[0170] For enzyme kinetic assays, ATP, ATPyS, Ficoll-400, sucrose, ATP, ADP,
phosphoenolpyruvate (PEP), NADH, pyruvate kinase (PK), lactate dehydrogenase
(LDH), AMP-PNP, acetonitrile, and the buffer HEPES were purchased from Sigma
Chemical Co. (St. Louis, MO). Peptide substrates, inhibitors and phosphorylated
substrate peptides were purchased from AnaSpec (San Jose, CA), SynPep (Dublin,
CA) or Open Biosystems (Huntsville, AL). The enzymatic activity was determined at
25°C using the coupled PK/ LDH assay, followed spectrophotometrically at 340 nm
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determining the kinetic mechanism of PKC-0 are shown in Table I. Table
WO 2005106Paptides used in assays with PKC-0 KD Peptide seqerencessaures Bl 1
FARKGSLRQ substrate pseudo-substrate PKC 12.01 (SEQ IL) NO: 15)

pha, 2 RFYIRKGSLROKNYV sybstrate pseudo-substrate PKC 12.31
@%@?ﬁ%%ﬁ%ﬁ?é qtéﬁ%ﬁ%ﬁ’ﬂ?@f@ﬁ%‘f@@ér%%@% Factor
inBiéste(S PRI LaNQITON R IP KIARQABIENRSM, $0 bﬁmmlg% /ilf?zl\c/gl DTT,

lymphocyte-specific 10.84 (SEQ ID NO: 71) protein 1 5 FA
0-%&(9&8?%%@&%&5&&% #e 2 oniies N 7DD A Rel foréd]
NRENAE AIRERTE 2 AUbsiRlan ARHBRTION 16 peUdoskpstrate

region of PKC-a. Peptide 3 and peptide 4 are derived
coplesphdigtationesitb dmvserudnl fesppnse faddrMHegdenteich et al., J Biol.

m. 274: 14434-14443 (1999 nd the phosphorylatign site in o
O o e S5t bRty RLitvEl OGBS g oPednetc
patdRickdrd W ELOYUBNRRLAO] hotlenByier kiostaRssays A By AERYSyme

_Ficoll-400, sucrose, ATP, ADP, phosphoenolpyruvate (PEP), NADH,
KB HE AR RIS L0 PRI SRS A S a6 dEnate o (LT I ANPIRRIPS %)

RAGEIRNIsIGe AN dhs-hulter HERES W&l&ﬁ%@&aﬁ?ﬁgﬁp %9@&1%"@;}@3'

Co. (St. Louis, MO). Peptide substrates, inhibitors a osphory

maf FEERES péptidos A ardputehisddidr Rhaspet)(BaiVid&s; IeAR5 C using
bl ) josyste Huntsville, AL). The enzymatic

o B, TR RIS N Il IS

sufpditsusp tspdbtrophatonpdinigaliy and4@ siemonas o220 05/062 P8P e

T{US2004/0432 Molecular Devices plat der. The standard reaction,
Ofetﬁ‘%%%ﬁe‘ﬁ%%gn?n AR ROAS R Dk th 20/ AR ESSE A P B e
stiviIEs! w2 thn M DT Ie £ 008K it @M ELORAAG 1Y Naral s 28 danitn B I8

units l,ﬁ H, 0.25 mM_NADH, and 2 mM PEP, in a final volume of 0.080
using arbhegpmenexAuga 5m C18124 A”50 mm X 4.60 mM column (00B-
4299-E0). Phosphorylated peptide was separated from non-phosphorylated
peptide using a gradient of 0% to 100% 20 mM phosphate pH 8.8/acetonitrile
(50/50). The fluorescein-labeled peptide was detected by excitation at 485 nm
and monitoring the fluorescence emission at 530 nm.

[0172] Substrate kinetics were next determined. To do this, data were fit to
equation 1 for normal Michaelis-Menten kinetics or equation 2 for substrate
inhibition:

Vo 5]

max

(0

T K_+[S]

V . Vmux [S]
- 2 2)
Km+[S]+ 5]
K

1

where S is the substrate, Vmax is the maximum enzyme velocity, Kn is the
Michaelis constant and K is the inhibition constant for substrate inhibition

(Adams, J. A., Biochemistry 42: 601-607 (2003)). The initial rates obtained at
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concentration varied between 0.156 tg/ml to 0.312 g/ml. [01711 Next,
WO 208ph@att/iscosity studies were performed. Steady state kimeticu paamatans
were determined in the buffer described above for the enzyme kinetics

assays containing varied sucrose (0 - 35%) or Ficoll 400 (O - 8%).
Vestative 6 ERPGRHER S qiBenereaeriniddrmtipheals i 25

A%%ﬁ&%ﬁ%@&'l{ p Vg,o mM MgCl2, 2 mM DTT and 1.00 mM NacCl at 25'C
Ing an stwa 3 viscometer. Buffer with no viscogen is indicated with a
superscript of 0. The coupling enzyme system was unaffected by the
presence of these wyco@eﬂ{g]Thlo effect studies with ATP' S and product
inhibitidT~ sgadje g zad on a Hewlett Packard series
' m C18 124 A 50 mm X 4.60
mM column (008- 4299- EO) Phosphorylated peptide was separated from
non-phosphorylated peptlde using a gradient of 0% to 100% 20 miv4
phosphate pH 8. Ei/ac QMM jle (50/50). The fluorescein-labeled peptide
was deﬂzeet by-eXftation < 5.run and monitorin Jpe fluorescence
: [y P ]rate kinetics were next determined. To
do this, data Were flt to equation 1 for normal Michaelis-Menten kinetics
[6A 8gLiatiom 2Herbubstegte tiohibifiahaXd [F]Kee+[S] dghééﬂfz{ﬁ]dﬁmef?ﬁll’l’
%1331 KéL %ﬁv ereSS |sttlhelsu trat Vmax t%ﬁib axi yme velocity,
ichidelrs (‘:’Sr}{s‘taﬂtag PFCH tidfstrate
nmpb&mlmdams: Jislih. dﬁwﬂmﬁt&@aﬁ@ a;m?r@aq&)a EAedRifaéx
@tz obta ed at -34 WO 2005/062918 PCT/US2004/043281 various
conc ﬁéﬂgf’? FhEhfded SR RTPORid Irsts ihetas aHenetaatidns

pisteichbeiombItion\ AP HBPHosphopeptide) or as a function of dead-end
inhibition (AMP-PNP). In these studies one substrate is held constant while

the other is varied against increasing concentrations of inhibitor. In the case of
product inhibition, the non-varied substrate is held at saturating or non-
saturating levels while in dead-end inhibition the non-varied substrate is held
at saturating levels. The data were fit to a competitive inhibition model
(equation 5), a noncompetitive inhibition model (equation 6), or an

uncompetitive inhibition model (equation 7):

N Km[l +-g—])+ 5] Y

N KM[H%JHS(H%J K

N K. +[S{1+~[£]—J "
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| V K,uKb Kb[A]+K,[B]+[A][B] (3) V,"u[A][B] V (4) Kb [A]+ Ku [B]+[A][B]
WO 2005[#278] In the above equations, [A] and [B] are the conc8htrativhs 8t &P
and peptide, respectively; K, and K,, are the Km for ATP and peptide,
respectively, and K, is the dissociation constant.of A fro
WA T PG o cin TAE W e A edata
wéféﬂgﬂg%gédpﬁgg%ﬁigmgim AR 194 RhnsnbeReRtde) QRS fAdkNGHgH of
dead-end inhibition (Alv1P-PNP). In these studies one substrate is held
ScieprstdRicivivitendh€ Ather is varied against increasing concentrations of
inhibitor. In the case of product inhibition, the non-varied.substrate, is held
(0 b aturdfRiFOY RO SeruFaUHE VI E Y GO BHG TG The
thOPPpRiiechsybstrate xheich &t salusatiBgdeyelsepheddata were fit to a
competitive inhibition model (equation 5), a noncompetitive inhibition
mpdel (euatr£.6 , Or an un mpetitive iib'io maodel yation 7):
vasjqd) Km sfi+ filli! : US2004/648581 where
siestanteK;, are thietvidercept Gred Slope inhibitiphdonstants. fésdata were

papalyzed using Sigmapiyot 2000 Enzyme KinetigsoModule fEOrOBRBS
pgigm (Rlchmogg,i%. [O]lga;lﬁable I prq;(jgeisg summaryoefooo
pRisagysstate kinefigypargmetsss, for 51000
peptide4 240+16  14+1 58 000
ATPY 49+5 18+1 360 000
ATP: 59 +8 0.16 +0.01 2 600

» Peptidel and peptide2 fit to equation (2); peptide3, peptide4, and ATP fit to
equation (1)

bPeptidel is present in this assay

‘no peptide present in assay

[0176] As shown in Table II, in the absence of peptide substrate, PKC-8 KD
hydrolyzed ATP 110 times slower (0.16 sec”), than when peptide is present (18
sec’). The K, for ATP of 59 pM (no peptide) and 49 pM (at saturating peptide
1) shows that there is no significant difference in the binding of ATP in the
presence of peptide substrate. The steady state kinetic parameters for PKC-9
at saturating ATP are listed in Table IL Peptide 3 and peptide 4 show the
highest K, for PKC-8 with values of 420 pM and 240 uM, respectively. In
contrast, Peptide 1 and peptide 2 have K values of 6.5 pM and 4.3 uM,,
respectively, and cause inhibition of the enzyme at high concentrations (Table
IT). The lower K  values of the more basic peptides 1 and 2, implies a basic
amino acid substrate peptide preference for PKC-6.

[0177]  Interestingly, the substrate inhibition observed with the longer
more basic peptide 2 was more pronounced than for the shorter peptide 1
(Table IT). Therefore, the kinetic parameters for PKC-8 (peptide 1 and ATP)
were examined at increasing NaCl concentrations. The results of these studies

are shown in Table TIL
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tides 1-4, ATP, and ATP in the absence of peptide. Table II:
%r%ary of Steady-State Kinetic Parameters varied appKRnl/Keal'k?43281
pepurue kcal/Krn substratea (M) (sec’) (AM) (M-'s-") peptidel 6.5+0.8
18+1 > 2000 2 700 000 peptide2 4.3+0.8 16+1 306 + 57 3 600 000
PEfilda3I4 2001 2 211 onTAI0Q REPBeed 240atd & el 33:.00R. AP

4 1-13 Q. ATPC _ 29 +80. 164a- mpfpg’:idoQ aP ELQS' and
pzﬁ%%e f|t t({%gtlgf}b(Z) t|63 pept| nd fit %I;). equation (1)

I
@?éeptldeé ' §t1%1te PKC1

WO 2{( hg/(

3, GKp!
hylrolyzed ATEHA0 times slobet {0.16 sedi, #haf when papiideSs
préfent (18 $éc-1). The K;, fB2ATP of 59 I8\ ¢nd.peptide) ard@d gM (at
satlrating peptite 1k.) shows that there is nggignificant difference in the
binding, QR A g’ ndhe presence of peptide substrate. The Steady state

Iglﬁﬂlg g@ua }#Z for PKC-O at sat_uratlng ATP are listed i in Table IL
ige 3 an 3

ptid tide 4 show the highest K," for PKC-0 with values of
4?’6 N ERYSRG4PpM, respectlvely In contrast, Peptide 1 and peptide 2

value of65 res vely, an e inhibition of
I'Leglfegr?zym%\lxa concen f:Idns %36@ S:fﬁe}éfg\/ﬁ)egll% é%cﬁefaﬂ‘?éi
m@ﬁeffoasiq mpmﬁsahartﬂémmmimr ahdsienamine @@thm’ﬁﬂe the K for
tide preference for PKC-e. [0177] Interestingly, the substrate inhibition’
E’}%esg AR FSIYEY S BENIE ploptipiate ek iRbrs ronddtedtivere

thiap fevdbeshedter Replifthd TRbIAQ: Theretores thekineticiprameters

for PKC-9 (pe tlde 1 and ATP) were examined at increasing NacCl

CEREERTASHEC b FESURS YRS tiibidae SREERUWA i TabipTBEive or
Wa2aRa/ Q@%P@Eﬂé§g%gﬂ§?&{[was observed for the preferred basic

peptides 1 and 2, but not observed for the less optimal péptides 3and 4 (see
Table II). Furthermore, substrate inhibition was also found to be dependent
on the ionic strength of the buffer. Substrate inhibition with peptide 1
diminishes as the NaCl concentration is increased to 250 mM (see Table III).
[0179] Thus, Table III shows that increases in buffer NaCl concentration
increased the PKC-8 KD K, for ATP and the enzyme turnover. An ionic
strength effect was also observed on peptide 1 substrate inhibition. Aé the
NaCl concentration increased, the substrate inhibition observed with peptide
1 diminished (see Table III). The nature of the salt (NaCl) and its effect on ion-
pair formation can give insight to these observations. According to the
Hofmeister series of cations and anions, NaCl falls in the midpoint of
kosmotrops and chaotrops (Cacace et al., Quarterly Reviews of Biophysics 30:
241-277,1997). Therefore, NaCl should not salt out the enzyme nor denature
the enzyme. However, increases in the ionic strength of the buffer would
have an effect on the formation of ion-pairs (Park C. R. R., |. Am. Chem. Soc.
123:11472-11479 (2001)). With the tyrosine kinase Csk, the addition of 50 mM
NaCl had the effect of increasing the K for the substrate poly(Gly,Tyr), a
negatively charged substrate; however, there was no effect on the K_for ATP
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Table 11I: NaCl Effects on PCIC-(r)KD Steady-Make kinetic parameters
WO 200Ma0 81 appKn ATP" '> k, ,b appKm pepda” IC pepfdrl mnz{}zo8ectp281
(p_M) (M) 0 25+5 7.50.8 6.4+4.2 7.29+64 50 58+8 18+1 6.7+2.8 201+85
16 24+1 9.0+1.2 at 0.2 mM

OB A L LD B 64U 12 (G278t A st o atdo -
In e @3dhe PRICETK & QH@H@&%&MR&%@QTP%Q{)‘% K refRfifFRe0d

the turnover of the enzyme increases, while the K,,, for peptide 1 remains
PawsidiVelscbhatal ot Neehdhssfie coo e G tiver bintko drivietipacsd!
e Tal]aJeN: rate inhibition that rs.w t
R e A B S
acbarhplefoiSbstrate2ntiibitionesas inbserved fion gk pifefesrad Basicharged

eptides | and 2, but not observed for the less optimal peptides 3 and 4
s S P ASEE SURREIRE bR AL ek P e
inciependent Brthesidnisfsirangdinfiibe bifies.sbukstiate phibitionivativith

peptide. 1 _diminishes as the NaCl concentration js increased to 250 mM
theRePTSind fnPSiH o 1OR MR TRBIRAPEH L HHAR I e LR UREY B Cl
inGUIeeRtration: MAERSesF isRGbsR KOS I EOE AL hand therenzymeasic

turnover. An ionic strength effect was also observed on peptide 1,

peqiisigrsshmsimapiidad o Nddassieeptraasiive Aasea, thacseistate
intibARitRNAPseAvad il RERIAS 1 diminiabad (Feeidkahia Hkpibe nature

of the salt (NaCl) and its effect on ion- pair formation can give insight to

eIYHESRIBEEE fvaﬂ@ﬁgpmeé@rm@iw tharkioinRe8tel dtieshsieatisndand
11@9@@?4%%@”@ '@f%%-'%!iip?bf} i ERSIDQHORS AN E{Rﬂﬁtﬁgﬁ%ﬁce

et al., Quarterly 'Reviews of Biophysics 30: 241-277, 1997). Therefore,
peRtcde shoutd detwedsing shidwneiemehioitidenatitheintbesnzgm&Hdaswever,

RS U R ARSI I Ml v o fcton
[0188: 114214 i(A0Q 1N e Wit tlaertyrhainie kirg KTk, te: addiHDN0b&0y
ofrgwl\él reaction with varied ATP was determined against fixed varied
concentrations of peptide substrate at 100 mM NaCl. The assay was first done
with peptide 1, however the resulting Lineweaver-Burk plot was difficult to
interpret due to peptide 1 substrate inhibition (data not shown). Next, the
intercept and slope replots of the Lineweaver-Burk plot (not shown) were
performed against peptide 1.

[0181]  Asshown in Figs. 5A and 5B, the intercept and slope replots,
respectively, against peptide 1 at 100 mM NaCl were non-linear. The initial
velocity assays were also performed using peptide 3 under identical
conditions. Varied ATP concentrations versus fixed varied peptide 3
concentrations resulted in an intersecting pattern on a Lineweaver-Burk plot
(data not shown) that indicates a sequential kinetic mechanism. The K value
for ATP was 61 + 22 pM and the K, for ATP was 118 + 17 uM. The initial
velocity pattern with peptide 1 was then determined at 625 mM NaCl, as the
increased salt concentration diminishes the substrate inhibition for peptide 1

(see Table III). The resulting Lineweaver-Burk plot produced an intersecting
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NaCl had the effect of increasing the K for the substrate poly(Gly,Tyr), a

WO 2megatively charged substrate; however, there was no effeetanitheokoos:
Al? -57 WO 2005/062918 PCT/US2004/043281 or the turnover of the
enzyme (Cole et al., J. Biol. Chem. 269: 30880-30887, 19941). In the case
BRBRE- B RIS HAGARPRASS TR, FoR AP Yy e S e s G g etic
pessihilidaswiat RePmN1 Nagl theraisdmnorg Rﬁgﬁ%@ RiRding Qrions,
peptide | to the enzyme-ATP binary complex, and the K. observed is a
reffasaBhaTdrdopeasRlRtsief Merippwpmeinitrekal of (saichaemytagainst

s AT rate, i a n S ' At

o e e TR g BB o o2
thd abtiedda pogdibilities wastfothe peplidérhittbetrdte Konsiais for ATP of
formagjon (Calumbic interactions) may be important in the binding of this
QlBstrattoTHE 858y 8%‘:&@07%%@59% ﬁ%&i’d@&i‘éﬁ%@%ébﬁd@cﬁa%d

Wod Haxgth Bed PRIINHR GNAKIS:sINGHIBIE.ONABASHINTE NoGthe
concentration would result in a less favorable environment for ion-pair

formatRr (FarrePRXRThe KirpichBinoktiaéinag st a20mpvi Nefd ypanisy # 19
190 P forpation gentrkuteste the g wm%agg ggﬁi@% 3ANRR This is

decreasing substrate inhibition with increasing iS” Tonsistent wi
wsienitgrotihenGotueabicimterfoticEP[64 803 Inrdetemmigiihgithe dieeticl (see
mﬁﬁlél(ilﬂ' SM of PKC-0, the initial velocity of the reaction with varied ATP

was determined against fixed varied concentrations of peptide substrate

1820 mMDNaCkrkhanhdsaipwasifiiet ddaetifiit pdamtide thefowemnesshete to
esuylti ineweayer-Byrk plot was difficult to_interpret due to peptide 1
éb‘bi#%ﬁ tio%%é‘?gtysﬁ\gﬁﬁﬁbﬂéﬁ? e GHtEREp R R ot Hepb
efthe tdnaweavarnBurk Plabinetshawnd weraiperirmead.agaiyet-Rplide.
1. [0181] As shown in Figs. 5A and 5B, the intercept and slope replots,

FegRENe Al A ARCIR iR e At By iF Nt WerinrbRRgar PR peptide
injtiad w&@&\y IR Were AR med kNG Reptida 3 Jngeridenticah
conditions. Varied ATP concentrations versus fixed varied peptide 3
sonbenarrignewasultéable N intersecting pattern on a Lineweaver-Burk

plot (data not shown) that indicates a sequential kinetic mechanism. The

K;" value
Table IV: Inhibition Patterns and Constants’
Inhibitor type substrate  pattern® Ki Kii Equation®
pM_ pM
ADP product ATP c 291 + 5
24
ADP product peptidel -
ADP product peptideld nc 494+ 200+ 6
72 29
phosphopeptidel product ATPe uc 1600 7
+100
phosphopeptidel product peptide3f nc 1700 1200 6
+ + 800
1100
phosphopeptidel product peptide3df uc 2000 7
+ 400
AMP-PNP dead-  ATP c 228 + 5
end 29
AMP-PNP dead-  peptidel -
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for ATP was 61= 22 gM and the K. for ATP was 118 17 M. The initial
WO 2008loeitss pattern with peptide | was then determined at 625 ¢ni Ma@ly-ag81
the increased salt concentration diminishes the substrate inhibition for
peptide 1. (see Table Ill). The resulting Lineweaver-Burk plot produced
an intersecting -58 R 200596062918 PCT/US2004/043281 pattern as
welhidea not showrleasbnsisteaptidthla sequential kitétic mechanism
when peptide 1 is thenglubstrate. At high NaCl concerdtrations, intercept

glope replots of dhgdinewgayer-Burk plet (not shown) agamst peptide
were linear (see Fe' . 5C and 5D). The K,, value for ATP of B+ 32 17

obta'!n?%at high Na as foundﬁ%e S|m|Iar to the ) ., value for A‘gP of
éf 8 with peptide at 105K Cl. ThIS |nd|cg & that the
Fhent-lmereapragonTRIdompl¥knTe K. of ATP obtained at 625 mM NaC1

twgs dhpelifivd], inccontiasiitoptiittikepfkT RiatdfdhevWaCl ohd 1ehibition
S Jds is consistent with an increase in Km for ATP as the ionic

ﬁggggm i8] gﬁggq\mge;rable [11). [0182) Dead-end inhibition studies
%b dg flrst substrate to bind PKC-0 KD. Accordingly, the
strae mgln ord

er in the sequential catalytic mechanism was next
e ReptidlidriRrdside Shdpyde of RERUAAY peptide
Ep,qym«ai@W&@%ﬂ@ﬁiﬁ@@@éﬁg@ﬁﬁ@rﬁ%@ﬂﬁwﬂwéﬁa@me\me used

for inhibition studies. The results of the inhibition studies are shown in
mm& IV. FableoivnlihBibdnIFarteviR-BhiP Gonstants] lhikitoctypeetitive

S A T ST
whosphopaptivel raduss pHRCAGA®RRHhg ATP. The peptide inhibitor,
peptide 5, was shown to be a competitive inhibitor to peptide 1 as well as
peptide 3 with K, values of 10 uM and 4.4 uM, respectively (Table IV).

Peptide 5 was further shown to be an uncompetitive inhibitor against ATP
with K, values of 1100 uM (see Table IV). These results are consistent with an
ordered sequential addition of substrates for PKC-8 where ATP associates first
with enzyme followed by peptide.

[0184]  Because the PK/LDH coupled kinase assay consumes the catalytic
product ADP, an HPLC assay was used to determine the inhibition patterns
with ADP (see Table IV). ADP was found to be a competitive inhibitor against
ATP at saturating peptide 1 with a K of 291 pM. No inhibition was observed
when ADP was assayed against peptide 1, at saturating ATP. When the assay
was performed at non-saturating ATP (0.1 mM), a non-competitive pattern
was observed with a K, of 494 uM and a K, of 200 uM (see Table IV). These
results with ADP rule out a random mechanism, as is depicted schematically
in Fig. 6C, but are consistent with either a sequential ordered (depicted
schematically as Fig. 6A) or Theorell-Chance (depicted schematically as Fig.
6B) kinetic mechanism, wherein ADP is the final product released. To further

elucidate the kinetic mechanism, product inhibition assays with
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+100 phosphopeptidel product peptide3f nc 1700 1200 6 +_+800 1100
w0 200B06ephepeptidel product peptide3d.f uc 2000 7 _+400 AMPARNG teackl
ATP c 228 + 5 end 29 AMP-PNP dead- peptidel -59 wwo 2005/062918

PCT/US2004/043281 end peptides dead- peptidel ¢ 10 5 end 3 peptide5
BB ARSI b3 7 G A o e e e eI B SR
aNaGkpodeenttatgn held ah b0 M &8 ROmBRIItVS NG I0pspmRetive;

uc, uncompetitive; -, no inhibition. observed Data fit to equation number

HRIPIGRsRtId O M YRk BBHHIRIEE HEY a0 SDHN, Heptimidadeyidue &. of
Wq}d%ﬂ Rgpyde! frepy LésceadsgH%é?ﬁg@ﬁ?%ﬁ@é@!&%@&? N8y, At
with pept b

idel [01831 As shown in Table IV,"AMP-PNP was found to be a
vompetitivzeinghoitor of AT mitetaiKe yatterof @28 MbsTherd, washno K, of

inhibiti ith P-PNP tide,. turating, ATP.
T o PR W48 SRAITAD B BB AR
ﬁ@ﬁ%@&@&\g@@im@g fiihuikorvaliuesofehd PM. atHABRM results

respectively (Table 1V). Peptide 5 was further shown to be an
g BMpRAGVEIM eSS A gaiaguaT lWitdered Airds Brerhopimmseatir AgRE as

1M IThesRrRsYts R soRSistens with.an
[0185]  The rate of the phospho-transfer step in the catalysis was
investigated using the thio analog of ATP, ATPYS, and the results of these

studies are shown in Table V.

Table V: Thio effect upon PKC-6 KD

Kinetic Parameter [NaCl]mM ATPa ATPyS 2 ratio ATP/ATPYS

appKm (UM) 100 251+24 120+9 2.1
appKm (uUM) 250 234+19 130+5 1.8
rate? 100 179+5 16+0.1 112
rateb 250 190+4 1.3+0.1 146

2 peptidel used in assay

b rate : peak area/(reaction time in minutes)([enzyme] nM)

[0186] As shown in Table V, substitution of ATPYS for ATP resulted ina
large change in the k, of the reaction. The ATPYS reaction compared to the
reaction with ATP is 112-fold and 146-fold slower in 100 mM NaCl and 250
mM NaCl, respectively. However, the K for ATP and ATPYS obtained using
HPLC only differed by two-fold (Table V).

[0187]  To determine if the chemical step is the lone contributor to the rate
of the reaction, the effect of solvent viscosity on the steady state kinetic
parameters for PKC-0 was determined. Two types of viscogens were
employed in this study, the microviscogen sucrose and the macroviscogen
Ficoll-400. Microviscogens directly affect the diffusion of small molecules
while at the same time cause the viscosity effect observed with a viscometer

(Blacklow et al., Biochemistry 27: 1158-1167 (1988)). Macroviscogens cause
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ordered sequential addition of substrates for PKC-0 where ATP

w0 20@agecigtes first with enzyme followed by peptide. [0184%Beeabisa s s
PK/LDH coupled kinase assay consumes the catalytic product ADP, an

I-IPLC assay was used to determine the inhibition patterns with ADP (see
ViR g acPsoras o tine 1o dseaeismpetitienah ﬁsm%gaiﬁlé/t af(Pet Hie

dﬁ%&g%t}ﬂgapee&“ﬁ\% L ghn"i‘o}fecB 2t Mo npiibian %&9 8{991

when ADP was assayed against peptide 1; at saturating ATP ent e
ragsayiswes yarfeohetsat ned-satheativsg TR0t 4hM), Biorh(ﬁﬂaem’r@f@mo%&

TR R renea et ol 44 P AN 2 6 0f 200M (ses fele

resu 1d6m mec m, & epi ted

At’qfhemaeai{yrmﬁégi @ﬁnbt&aa;iegen&ete:nﬁwiﬂsie;ﬁer@em@tfaérent
ordered (depicted schematlc lly as Fig. 6A) or Theorell- e (depicted
S5 . fl1

QPRGN abheige BBy G e RISGRFEIAA RB%inal

piRdieiieleasad Ki@rth@ér@ daledhakdnesic mechanisiy RIPChuffer
inhibition assays wit éo WO 2005/062918 PCTT/US2004/043281

%ﬁb%b%ﬁé@ﬁéé regiiereigBriormed. Due to the substrate inhibition
{g@g@rvedp% thypepfide, Ly ihe PLdret iRPBIOR 23R3)8 WeLe da‘?ﬂxelé’v'}*k for

peptide 3. Phosphopeptide 1 was a non-competitive inhibitt of peptidé 3,
Risth-8 KEs dfigl 700shimventha K., cf fE200yidt aaeraedr@mamxm' P woric&itrdtiod

LARANAL RALAINGATE, agyncompetiive palter s, s

observed with hosp opeptide
shn@mmhemVeffam bmhagamst Pefiidat 3noittsafilifatiebipetiderd/(0 ﬁg 7D

of. 1600 M The ahave ore tent with a
BB o o BB B Ao B TSy Brocii oper
dietbaseateeed)ign 6).1{91.85 InTlheNatE] oh iherehosiphonkansiahstepdn
the catalysis was investigated using the thio analog of ATP, ATPyS, and
I{Werr%‘éhiféa&gﬂ-ﬁéé’én}%ﬂﬁé%%%@%@&%ﬁﬁw@%lﬂ%ﬂ?&ﬂ@(ﬁ@mg efraope; the

E’%&eg;;%%&' 4G FarametendNaCiNgt A b J a0k r%%%ﬂ%o and
ATP/AT PyS appKn ( M) 100 251 + 24 120 + 9 2.1 appK

thejdorgd igveged triangle symbol (¥) indicates 250 mM NaCl in increasing
Ficoll 400. The dashed line in Figs. 7A-7D indicates a slope of 1. A slope of 1
indicates maximal effect of the microviscogen on the kinetic parameter. There
was little effect on the enzymatic rate in the presence of the macroviscogen.
As the microviscosity of the solvent increased there was a moderate effect
seen on the (k)" value. This was seen as a linear decrease in the observed rate
of the enzyme with all three substrates studied at 100 mM NaCl and 250 mM
NaCl. The slope [(k,)"] obtained under all the conditions varied from 0.38 to
0.54, implying that product release is partially rate-limiting (Figs. 7A and 7C).
A value of 0.8 to 1 indicates that product release is the catalytic rate-limiting
step (Adams, J. A., Biochemistry 42: 601-607 (2003)).

[0189]  The stickiness of a substrate can be determined by viscosity
analysis. Briefly, for a sticky substrate the rate of product formation is faster
than the rate of substrate dissociation, while a non-sticky substrate will
dissociate from the enzyme faster than the rate of product formation (Cleland,

W. W. (1986) Investigations of Rates and Mechanisms of Reactions, Vol. 6, Wiley-
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rate b 100 179 +5 1.6 + 0.1 112 rate b 250 190 4 1.3+0.1 146 a peptidel
WO 200usedi$n assay ----~ - " ----" brate : peak area/(reaction tirag/ns2004/043281
minutes)([enzyme] nM) [0186] As shown in Table V, substitution of ATpyS

for ATP resulted in a layge change in the Ic.. of the reaction, The ATP6S
IR E O APLFAH B T VALt é&@%ﬁw&f&&% 1hflative

Rl HE A0 N NAGE aler 800 NG CH, rerpectivelyedHowenardhgite
© %r ATI13 aliwd ATP-IS obtained usi% HPLC nE’)'ﬁgediff%redebyzgt.)gv\éo-foI(]J[I (Taible

solPE YFPFSYEtiFm e anthélehe KYioan shepafeRE A6 HE CONEBRIEY t6 2he
p15@%8@%fgtm5@%@&8@&@@4@%@&3&%@%@% Pniae gisady state

kinetic “parameters for PKC-9 was d . Two types of viscogens

(kyvefte) "emplayediféis 21 dyVidafiicidvis cogferhsuonps®atidvieee not
macraoyi en. Ficoll-400. Microvis, ens djrectly affect the.diffusion of
O AR LRGBS ol ot R Lok

W cause VISCOSILY erfrecC
olsbsesded With @nisceraeier. (Biaakiavs abath Biotketestly 26wWdd8c 167
7.988)). Macroviscogens cause -61 WO 2005/06291 o
SO&”GWU@EB@‘&YO%%PR%@&i%9fé‘ﬁé(‘:¥§f§’eté‘n?€dﬁh %Q)&%‘fﬁ%@ﬂ%ﬁ% 8RSt

thalgrupantly aftestitng difugion wigiefibspall malraiery thereby
serving as a control for the microviscosity effect observed in the ass%}[/é
see,

[0§8¥e et Bre KimiEc eehirogusIosseveobEnaysly Ve Reeidsay
e. gsi,wa'pe@a@%%rg&pﬁawﬁégaeﬁ'@b%éée@w TR WE Aetssmined iy 41:

Increasing solvent viscosity and at two different ionic strengths. The
88X atifeo8f{e00DE SoheerttviscBsitanishy RMéity Dariigietetdon),, BREKcKD
. IK.». . were plotted against relative.viscosity of the huffer_and fit to a linear
S B o LD M R AT
stegmg i, 6y ffied BKG-PpKDwRIg lindsinwsdbiere leffectdiit] aariad pefitidée.
1 with ATP held at2.0.mM. Fig. 713 shows.kQ,/Km for ATP at 0.125 mM
Th T B e SRS KL SHORE IR B ABas (ooRRe
uhgld ata.Bynmd. thigfetBoshais thelk. 1K st ipept) dRed v Ond Mi Adk B feoin

Figs. 7A-7D, the open circle symbol (0) indicates 100 mM NacCl in
thl‘?lg’rggs[ﬁmgvéb%s@? WY fapeptide 3 at 100 mM NaCl and 66 uM for

peptide 1 at 625 mM NaCl, further indicating that dissociation of ATP from
the enzyme-ATP complex was not affected by the ionic strength. Under both
conditions the K, value was found to be less than the K, value of 118 uM and
321 uM, respectively, ruling out a rapid-equilibrium mechanism.

{0191] Dead-end inhibition and product inhibition studies (see Table IV)
are consistent with a sequential ordered mechanism, wherein ATP is the first
substrate to bind. The peptide inhibitor (peptide 5 in Table I) is competitive
against both peptide substrates and un-competitive against ATP. While the
ATP analog AMP-PNP was found to be competitive against ATP, there was
no observed inhibition against peptide 1 up to 2.0 mM AMP-PNP at
saturating ATP. A competitive pattern is observed when ATP is varied
against ADP and there is no inhibition observed when peptide 1 is varied
against ADP at saturating ATP. A non-competitive pattern is observed when

peptide 1 is varied against ADP at non-saturating ATP. These inhibition

- 63 -



inverted triangle symbol (V) indicates 250 mM NacCl in increasing sucrose;
wo 20i3@cedesed circle symbol (10) indicates 100 mM NacCl in ipergashog ficol;
400; and the closed inverted triangle symbol (Y) indicates 250 mM NacCl
in increasing Ficoll 400. The dashed line in Figs. 7A-7D indicates a slope
otudigssiopemftla ndidaresmmeimaheflecP5iEhe Kitrovsdegemsnateethat

SISHIPAAME o Higte JBRAYS, efieghon e epgymatic rate in the
presence of the‘macroviscogen. RS mlcrov%cosﬂy of the solvent
iiedsed therenitds! a chaderateefiacinseen 100 thev(B}Glalueh pbisidas
seen as a linear decreagle in the?z)bserved rate _of the enzyme with al

RrEe SIS AT St NSTB6 M REREE S AR B P RSB e h S LR be there
[{ke X ebtained sneassahibanapdiipnspsaresd im0 38190 -bdte iPRkyiNg

that product release is partially rate-liiting (Figs. 7A and 7C). A value of

Gt (RepcidsithdnsagdinsissBehne crandid aa
(AamSyidnd arRiosbeaYsin 82 BB £ '

V ARIRIE e Sl DoRsSf
a substrate can be detérmined by viscosity analysis. Briefly, for a sticky
shisstraia thig-rdtelorproductisratatiohils faman twhictheulat ok fibstrase:

issqciati ' on-sii bstrate will dissociate from the enzy
T R g e S T (e T
Ihviedtigatibas aeRatekitnd Miedhiah Binsmof Rediiionseatbknd, dbtiteye62 The

0 2005/062918 PCT/US2004/043281 Interscience Publicatipns, John
T R R e A R R T8 TSE 1 ShEraea BTVt
tnitivigedsinsarcigtédis Alittedbgainssselative isoiveint 1WsaosityFigsth
7B and.7D). W e effect of microyviscaosity was _plotted against relative
BN R T RS TR o B B R SRyt SRTE 2 Rt g o
250 a1 NaCNealanopshanen). Daiaere netrohtaines af 400maMhlalCls

for peptide. 1 due to the substrate inhibition observed at low ionic
?}%ﬂ@%ﬁblﬁ@&?&é%%ﬁrt#@%mh? RIORE, AMOWEETSEPE SRRIAF RS EndrdiaCl

. £1HaBIIeNIC SHEPALEEI W TBESE studiasimply] (RalpeRidelrga 5C
stlck% substrate while peptide 3 is not sticky. 101901 The kinetic

RieERANISTHE TeP Ktvdieqammbiasarand isetngapetttr sdubisien nabetished at
t j ; : i i 41 . ...
By %@1@@%%3); £ b3PHAGQ JHRUGET AL %‘ffeﬁé%?%‘%{gé%}(%% Oé'gﬁl_bmon

8948 - 8953 (2 hen et al., Biochemistry 39: 2079 - 2087
PRoWIKDe slope and intercept replots is consistent with non-competitive

substrate inhibition (Cleland, W. W., Methods Enzymol. 63: 500-513 (1979)).

Non-competitive substrate inhibition in an ordered sequential mechanism
suggests the formation of the following types of non-productive enzyme
complexes. Two are represented in Fig. 8, the EB and EBQ complex. A third
possibility would be a non-productive EAB complex. This is a distinct
possibility because at 0 mM NaCl the substrate inhibition is potent (0.129 mM)
and the ATP concentration is ~80 x K, (0.025 mM at 0 mM NaCl). Ina
sequential ordered mechanism in which ATP binds first there would be little
free enzyme present to form the EB dead-end complex.

[0193]  Phosphorothioates are used to study different types of enzymatic
phosphotransfer reactions. The ATPYS reaction rate occurred 15 to 20 fold
slower than the ATP reaction in the case of Csk kinase (Cole et al., . Biol.

Chem. 269: 30880-30887 (1994)). Similarly, in the enzymatic mechanism studies
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initial velocity plots, with both peptide substrates at high and low ionic

wo 20886860043 resulted in graphs with lines intersecting left andppetawtlg/ 043281
ordinate. The pattern is a clear indication of a sequential mechanism that
remained unaffected by the buffer ionic strength. In addition, there was no

offfdresiebatidiHinagitokigsrificshesatp peptidd BQy o ieaatieacy and
o, bant NaC] further mdicating thet dissooia

P e AR
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dalbitionatudian (eaeafiabit e -REEISOPEiRiant wilkhaeserkentinl erdered
mechanism, wherein ATP is the first substrate to bind. The peptide
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8‘%@&%&%&8’%@8&%&’5‘1‘1&%@&%@ apalsh AR Whle the ATRIANARI the large
AMP-PNP was found to be competitive against ATP, there was no
dhisaertfedtiobsitionl againBi(ié ptice taspgaind mPhidddeliRNR@ate ordered

saturating ATP,.A competitive pattern. is abser n ATP, is.varied .
R TR R R O Joiar o NSk R s P
BrB680ABES 4l sedlatighta PhévrahChanpetitive thatieichisrohiseiedernary
when, peptide 1 is varied against APP at non-saturating ATP. Thes
i I e e e e
fensiom menbadfem d9BlkenOvidid angisaranairaia doainARE d8thedasition

product released as shown in Fig. 6A. [01921 The initial velocity
ekHMiFETSRIDSER INaB FRAKPR G derttighe SapréiRrighinistned
Hupecok suhsitale inhibition ahsetednBriefiy, é@fd’@s@éﬁ HRreertypes O the

substrate inhibition observed in an ordered bireactant system (Segel, I. H.

Erodes Rareties Senacorhthashifiariost /asibstradeniteritn emyme active
Steadisinia Erasiemsiob-inersdprenis ol shaundA Fo. &

Two are substrate inhibition in Which substrate B forms a dead-end EB

coinplescolaispatech forhe preaphdtaasdadstepniiadarmibg . thirdigchemistry
R ARID 0 B o 52 oot oA T o
indicate product release is a partly rate-limiting step in the catalysis.

[0195]  The studies presented here illustrate PKC enzyme catalysis
characteristics and kinetic mechanism, thereby providing insights into PKC
isoforms and/or AGC family kinases that are highly similar to PKC. The
results presented are consistent with a sequential ordered mechanism in
which ATP binds first and ADP releases last. Phosphopeptide release and
phosphotransfer contribute to the rate-limiting steps. Importantly, features
potentially unique to PKC-6 are revealed in the phosphorylation studies of the
kinase domain presented here. Taken together with the structural
characteristics of PKC-8 (see Xu et al., |. Biol. Chem. 279(48): 50401-50409
(2004)), these findings have significant implications in advancing the selective

targeting of this kinase for disease therapies.
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substrate to associate is ATP and no substrate inhibition is observed with
WO 200FP1Figs. 5A-5D show the replots of the initial velocity BatalS20a
NaCl and 625 mM NacCl for peptide 1. As shown in Figs. 5A and 5B, the

effect of the inhibition is seen %%%ﬁélope and intercept replots at
100 mM NacCl (i.e, replots are “However, at 625 mM NaCl (as
shown in figs. 5C and&i)ithadrpiprdrecomslineasdndicating that the

inhibition is abolished at high ionic strength up to 0.5 mM peptide 1. The
[0dfekt of Auprpiade AMBIBE RO Beefopr ianptiedgerdiiprertide

. ) ) . bt '
S o o L T Ko donaied < e
kb id ominiran OPHET el fsequentidl:meeh an ez dsugiests dbe liamnthiiothof
following types of non-productive enzyme complexes. Two are,
PR RGBT P 8 e B BB T LBIESE AU A F G Webia
h&e anandpreddstive i ABpesBalsK cIds. ITBjsiRehi asainHIkn bReauseiat
0 mM NacCl the substrate inhibition is_potentég.l‘ZQ mM) and the ATP
BESHd SR Atiorlis IR RO YST0PEPHeRERN0 MNPNEEN)CeH sukugparaminitially
o Rifersdapechanisinombic ATRHIRds ditskiberewaulg heditiepfee, 25°C

enzyme present to form the EB dead-end complex. [01931

befpesprbisinpthesupsasssantyy dhuy atfeiEd sy gée sednzymgigrown for an
a &&qu%amﬁ_“% B%qugﬂﬁr;;'&%ATPSS reaction rate occurred 15 to 20
rt

fold slower than the ATP reaction in the case of Csk kinase (Cole et al., J.
(0Bl Ch&he 088 830880230883 (1e8D4)) Biseitardyinig thenenmzyhmidiger in Tris

echani studies.-64 \W0O,2005/062918 PC.T/U$2004/Q043281.. of
2 e 0 O 20 R P TR A 4TaR s By, e
5Gloviechd Ghrdedd whehibieorarFhedging: exygeppyrsi Jebstilutad avithGokur
(Kravchuk et at,, Biochemistry 40: 5433-5439 (2001)). Regardless of
bafficmeat @Séﬁ%%g%(hgé ORTE BRI PO CHHE: JARIGREAYRS %lﬁféﬂﬁéaﬁﬂy

pd g e @%@M@@?ﬁ@p’!ﬁiﬁ remain unafieated By RisdsicbIolaase tHhgime
thio effect observed for PKC-0 KD imglies a contribution of the

buHesprthiaHsrrohgrigasetbitheSoverail haetePtrEERzy Hiatiesaiabrth
a Po@oUHion, 436 gk, R0 eHe¢hoRsarved W BKGrOR18U59 SARIB R0 an

Theorell-Chance ordered sequential kinetic mechanism depicted in Fig.
agRr( ey et Brothahsiseiumn was washed with Tris 25 mM pH 8.0,

NaCl 25 mM, DTT 5 mM, ATP 50 uM before being resolved by the application
of a NaCl linear gradient up to 500 mM. The SDS-PAGE selected fractions
were pooled and diluted two-fold with Tris 25 mM pH 8.0, DTT 5 mM and

loaded onto a Heparin chromatography column. The protein fraction flowing
through was immediately applied onto a hydroxyapatite column and washed
extensively with Tris 25 mM pH 8.0, NaCl 50 mM, DTT 5 mM. A linear
gradient of sodium phosphate from 0 to 100 mM eluted the target protein. The
protein was then sized as a monomer on a superdex 200 size exclusion
chromatography, dialyzed overnight against Tris 25 mM pH 8.0, NaC(l 50 mM,
DTT 5 mM and concentrated.

[0198]  For peptide spot synthesis, Cellulose membranes modified with
polyethylene glycol and Fmoc-protected amino acids were purchased from

Intavis. Fmoc-protected-alanine was purchased from Chem-Impex (Wood
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35: 8680-8685 (1996)). With a Theorell-Chance kinetic mechanism, the

wo 2i@Enabycomplex is short-lived, therefore implying the chepgcal skep:iei2s1
very fast. [01941 The effect of solvent viscosity is a valuable tool in the

determination of the rate-limiting step in an enzymatic reaction. The effect

dPatreasehasatveyt wecosigfisesken drethembnactisrhicabsteissadhasnine
ion of the. . tf he enzyme. and, the, diffusi f.suhstrates to
HRIP and( Qz tpc{gg H%r(é%%’l\ghesmeal };l_élll&%tand ey ?7%1/%5[ )

[
thie enzyme*active site ow eta emléry 67
(8B8Pr @y qaobodianidim bledutarysiepzsudhzadcdheopipdisghotiansiar step
Adams, J. A., Biochemistry 42: 601-607 (2003)), The PKC- lve
TG L B P Faph s RHE ot N f18A%8 16 s o0y
rate- RIS e A kagreatady Sist TOLOHL 19 studies I RSEMEhB&IGds were
illustrate PKC enzyme Cat%r?{{SiS characteristics and kinetic mechanism,
|

FRIEBY ROV HoLgRES thth PR OB orMas G IS PART GREEERS
that e RIgh AEIRIRKE pIPR RSt Piesentad are &%ﬁlﬁ%@&f W the

sequential ordered mechanism in which ATP binds firstand ADP
@@é§¥§%§%l%@@hopeptide release and phosphotransfer contribute to

e-limpit tantly, Jeatures.. potentially unique fo PKC-0
e G T M ke
presgatedrharerTaked tdgetiibessitsthgssthectueah oharactesistiosetied in

PKC- Xu-et al., j. Biol.,Chem.,.279(48).. 50401- 9 (2004)), the
A GER S B B e R KD P MR R ) e

OIS Kinadd TOTTjsgase MeREiesnd30MO 2008Y#62908ninutes. The
PCT/US2004/043281 EXAMPLE 4 Identification of PKC-0 Substrates

[BERArAnpRprie ey barey Wik mda¥erfofmsd nenarmpriprigino
sidhstialen.iar i o8) Tordmiiin @%Q%g bedip fexample B, 1he SAAlHSfied)

kinase domain of PKC-9 from residue 362 to residue 706 was cloned'in
theasE brefeecprdsbiong/@Sd L. 7 ms\Wek ot iRt dlded intfearmeEhe

- ' to the exprassion clope. The plasmid was
e RS e IR R o T S LTS
coltuaenivgsOinitialli gnoviaald30 uptecd G TP of0.3 thessthath ethanol.

E%@)B?tr A %a%rgsp &%‘get %rziésdcand imaged using a Biorad Fx.

[0200]  Using these methods, 384 peptide sequences were tested. The
phosphorylation of these peptides is shown in Fig. 9A. Of these 384 peptide
sequences, the following were shown to be substrates for PKC-0.

FARKGSLRQKN (SEQ ID NO: 6)
KKRESFKKSFK (SEQ ID NO: 16)
QKRPSQRSKYL (SEQ ID NO: 17)
KIQASFRGHMA (SEQ ID NO: 18)
LSRTLSVAAKK (SEQ ID NO: 19)
AKIQASFRGHM (SEQ ID NO: 20)
VAKRESRGLKS (SEQ ID NO: 21)
KAFRDTFRLLL (SEQ ID NO: 22)
PKRPGSVHRTP (SEQ ID NO: 23)
ATFKKTFKHLL (SEQ ID NO: 24)
SPLRHSFQKQQ (SEQ ID NO: 25)
KFRTPSFLKKS (SEQ ID NO: 26)
[YRASYYRKGG (SEQ ID NO: 27)
KTRRLSAFQQG (SEQ ID NO: 28)
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before inducing the expression with 0.1mM IPTG. The cells were grown
for an additional 3 hours before harvest. [01971 The cells were
resuspended and lysed using a microfluidizer in Tris 25 mM pH 8.0,
NaC125 mM, 2-mercaptoethanol 5mM, imidazole 5 mM, ATP 50 pM and
protease |nh|b|tors The Iysate was applied for 1 hour at 4C by batch
metRETRY NQ%P—I\?PA resin. The resin was subsequently
pouMX%B%%‘ﬁF 1dMin and washed extensively with the
sam@S VR WRR Mzﬁéd to 25 mM. The step elution was
realb&l Wg%wmgﬁgle%ﬁffer The protein was then
imniet) [050e ¢ dRIGARP AMisr? changer HQ and the column was
WQ&%WﬂBrN@{ﬁ aCl 25 mM, DTT 5 mM, ATP 50 L.iM

washEiRith
bef&g%&w\%@%ﬁ%ﬁ% é\%ﬁ tion ofaNaCI linear gradlent up to

e%é?ractlons were pooled and diluted

¥ 5mM and loaded onto a Heparin
ﬁ% fraction flowing through was
patlte column and washed
. NaCI 50 mM, DTT 5 mM. A linear
Qm to 100 mM eluted the target protein.
EQ nomer on a superdex 200 size
yzed overnight against Tris 25 mM pH 8.0,

Be trated. [01981 For peptide spot
syn rgrg Ified with polyethylene glycol and
Fm? p rchased from Zntavis.

ed from Chem-hnpex (Wood -66

81 Dale, IL). The arrays were
def| g a (I-alanine spacer and peptides
Werﬁﬁ /HOBt (diisopropylcarbodiimide/
hyd@ istry as described previously (see,

e.g ; r 9: 151-155 (1996); and Frank, R.,

NMRIDR AL ﬂJ{ BSRY
Tetrghegrem 48z 821 <R (g&g A Activated amino acids were spotted
usingRRARI PR ORRY. %Shlng and deprotection steps were

donﬁ@@@@@{yﬂngr(lﬁgeﬁy% weye N-terminally acetylated after the
GKRRPSRLVAL (SEQ ID NO: 58)
QKKRVSMILQS (SEQ ID NO: 59)
RLRRLTAREAA (SEQ ID NO: 60)

[0201] Some of these peptides are shown in Fig. 9B, with the serine
phosphorylated by PKC-6 by indicated in bold-face type.

[0202] These peptide sequences phosphorylated by PKC-0 may be contained
within the physiological substrate(s) of PKC-0 and as such may be a method to test
physiological activity of inhibitors by testing inhibition of substrate phosphorylation
in cells or in vivo. Furthermore, the physiological substrate(s) containing any of these

amino acid residues may be a potential
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final synthesis cycle. [0199] Following peptide synthesis and side chain
wo 26ERetegtion, kinase assays were performed. For these a S NG 1043281
membranes were washed in methanol for 10 minutes and assay u1é er
(20 MM HEPES pH =7,5, 10 mM MgCI"2 mM DTT,1.00 mM NaCl and
2bdrbveATPRigret Gominbtbiidiner mediblaines imere therrincfbatbehaitly
50 nM PKC-0 (kinase, domain amin Id residues 362-706) C-terminal
T LIRS @ E R Bl G DAy 69 BB containing
0.33 Ci/mMol y-32P--ATP for 1 hour. The membranes were then washed
5 times with 200 mM sodium phosphate containing 0.1 % Triton-X and
100 W. cold ATP and 3 times witE¥th&HALENext, the membranes were
shown TrigldAtioH theser38%paidicR seguences siim ialeWinBWEEC
shown to be substrates for PKC-0. FARKGSLRQKN (SEQ ID NO: 6)
K& sFrkalackat themsiies: abthermterborebrylqseroi KS-0Lin the
*&t@%ﬁf&%%—éy SBRIRARE -%@\ﬁﬁa@k}%%éa%ﬁe@ é%%@n%' 8}, the
AKIQASFRGHM (SEQ ID NO: 20) VAKRESRGLKS (SEQ ID NO: 21)
KAERDIFROEY16SBOADPKQ: @ 1) tPKRPIGSIANRTP (SEQ HNON2a)

N R S s P
KSPIRRES AleQIQ G (S BQNDNMIDr 38 vt RGRSR S AR NI ¢ SioQe) M 1293 nd
YRGS Y U5 RE1 fBFRiR el v slA bl ot TiRe JAckstr
Laboratory, Bar Harbor, ME), then plated at 5 X10° cells/ml in 10 % HI FCS in
DMEM + PS/gln and 50 uM BME + 20 ng/ml recombinant murine IL-3 and 50

ng/ml recombinant murine SCF (commercially available from R&D Systems,

Minneapolis, MN). Cells were passaged every 3-7 days. After 4 weeks,
cultures were >95% mast cells (as determined by IgE receptor expression and
c-kit expression). At this point, cells were cultured in the above media with |
murine IL-3 only at 50 ng/ml.

[0204]  Isolated BMMC were treated with anti-DNP (Dinitrophenyl) IgE
overnight in culture (approximately 16 hours). The following day, IgE
receptor cross-linking was triggered with the addition of DNP-BSA to the
cultures for 0, 2, 5, 30, and 90 minutes. Next, the treated BMMC were lysed in
1% NP-40 lysis buffer and cytosolic extracts (prepared as described in
Example 1) were run on SDS- PAGE and transferred to nitrocellulose
membranes. The nitrocellulose blots were probed first with anti-phosphoT,,
PKC-8 specific antibody (Cell Signaling Technology), then stripped and
reprobed with anti-PKC-8 (commercially available from Santa Cruz).

[0205]  Asshown in Fig. 10A, in the context of mast cell effector function in
allergy and asthma, PKC-0 was found to be rapidly phosphorylated on
threonine 538 in bone marrow derived mucosal mast cells upon IgE receptor

cross-linking (Fig. 9A). Note that all BMMC expressed approximately
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RGFLRSASLGR (SEQ TD NO: 32) ETKKQSFKQTG (SEQ ID NO: 33)
DIKRLTPRFTL (SEQ ID NO: 34) APKRGSILSKP (SEQ ID NO: 35)
MYFINSSQKRH (SEQ ID NO: 36) MRRSKSPADSA (SEQ ID NO: 37)
TRSKGTLRYMS (SEQ ID NO: 38) LMRRNSVTPLA (SEQ ID NO: 39)
ITRKRSGEAAV (SEQ ID NO: 40) EEPVLTLVDEA (SEQ ID NO: 41) o
SQKAPEURHEE (SEQ IDNG 495 KK SER BRI (SED'D (90:748) 10B). Unlike
AFRRT SIsAGGH (SERIRTNGh bk oAkl KRT AR (SEQ IR INE :éhr’()sphorylaﬁon
VVRTDSLKGRR (SEQ ID NO: 46) KRRQISIRGIV (SE ID NO: 7, '
WPWQUSLRTRE(SED NG U8) 6 rERESIRKIBSEODENDG M)A shown in
RVMGE SUR GAQ {SEQokd) NEdspi) r{1REQReR R ESEQRIR @Qlfcgs)Z minutes
KTRISQSAQT (SE IP‘NQ: 5? NKRRATLPHPG (SEQ ID NO: 53) _ . w
SvTHECTARG (S T K- 1) NSRIRPSHATID (SEIDNG BByt 30 mimtcs
NKRRGSVRILRASEQ ID NO: 57) GKRRPSRLVAL (SEQ ID NO: 58)
QKgﬁV@gIIL ( IDANCfé:_SQA_)» RLRRLTAREAA (SE_ ID NO: 60) - i
[02 me oﬁﬁ%geé%ﬁgﬁt?ﬁ %ﬂé(?epgﬁg_\ﬂ%’ﬂ‘?lﬂﬁ? B A0MPr e seApgTed upon Ik
phosphonyatecsbynRIKE B BylvdicaterMvir Q@Qﬂ%ée%y&%cﬁgg@ %@o@%ﬁ%re treated
peptide sequ l:‘%hos horylated gy PKC-0 may be contained within
e oDl aed By PO e s
test for O minutes, 2 minutes, 5 minutes, or 30 minutes. Cells were then lysed and
fractionated as described above in Example 1. The membrane fraction, the detergent-
insoluble fraction (DI), and whole cell extracts (WCE) were resolved by SDS-PAGE,
and then transferred to nitrocellulose. The nitrocellulose blots were then probed first
with anti-PKC-6 (Santa Cruz), then stripped and reprobed with anti-FceR1y subunit
for the membrane and DI fractions, and with anti-actin (Santa Cruz) for WCE to
confirm equivalent amounts of expression of the IgE receptor (i.e., the FceR1Iy
subunit) on the membrane and DI fractions, and to confirm equivalent amounts of the
cellular protein, actin, in the WCE. As shown in Fig. 11A, PKC-0 can be found in the
membrane fraction of BMMC after 2 minutes of crosslinking the IgE receptor, and is
clearly evident after 30 minutes crosslinking. Similarly, as shown in Fi g. 11B,
although PKC-6 can be observed at low levels in the DI fraction in unstimulated
BMMC (i.e., 0 minutes in Fig. 11B), the amount of protein present increases
following crosslinking of the IgE receptor. Note that equivalent amounts of the IgE
receptor were present in all of the lanes of cells shown in Figs. 11A and 11B.
10207] Thus, similar to signaling in T cells, PKC-0 was found to rapidly
translocate to the detergent insoluble fraction of the membrane upon IgE receptor
crosslinking in mast cells. Fig. 11C confirms that this result was not simply due to a

difference in the amount of PKC-6 in the different lanes, because all lanes of BMMC

had equivalent amounts of PKC-0 in their whole cell extracts.
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physiological activity of inhibitors by testing inhibition of substrate
phosphorylation in cells or in vivo. Furthermore, the physiological

substrate(s) containing any of these amino acid residues may be a

potential -68 W(c) 20051062918 PCT/US2004/043281 therapeutic target

for inhibition or modulation in treatment of asthma by virtue of being a
mechanism in the PKC-0 signaling pﬁWﬁMPLE 5 PKC-O
Activatignd-gomisprdugips iaaphaswaies and 2Ky A MeBIIE 108 Receptor
Translocation Occurs Upon IgE Receptor Crosslinking on BMMC [0203]

To look at the effect of the autobHSHRERAHBEHMKE-0 in the activation

loop dz6s10n thregningR3B) Prasthmaamn rﬁ‘ﬂ@fgifs@ﬁmli@—%ﬁmve been

autophosphorylation of PKc,-0 in the activation loop was determined
folloWIRGCRIE recapttrtEre Satisikal TAmsim & lirsritsdsE segaiver BNMTking

werenisQlagdn TPAO Misbenemaryow \vap extiaged fomihe PoNss, im0 168

(femurs and tibias) of C57 BI/6J mice (commercially available from The

JacRderTHBdrtBr) BE LeisHaiR ) clraipherdd st BrrilpmeatkyrmMgre
10 %ddiibear inoRMENHHRMIIR BREVPO RMAGBMES2A0g/m} crosslinking, the

recombinant murine IL-3 and 50 ng/ml recombinant murine SCF

(corfh RN A AR B FrERT R PP SPaé X Mt poes vl gng presented in
wergipasspged eVery, 3hé slushrafte s wWeeks CEUlresiveRR 2 2a%dasto

cells_(as determined by IgE receptor expression and c-kit expression). At

this PSFIErEAIS RFetMewih the bpBRemearawHonRIFRE 1Rty Blinstead
50 ng/mkdQ204) dsolated BMME weredseatedhwWikian Ny rig. 12B) (both from

(Dinitrophenyl) IgE overnight in culture’ (approximately 16 hours).

followitg Hayz Ripterdwemesy dress-Hrikihgwids Figgeted with tRB.dbidlitidncale
DNR:iBRé Rt Qultbties (050 d Rk PR ?R@B‘%ﬂ‘?o%ﬁ' paxt, thepteeated:: .

BMMC were lysed in 1% NP-40 lysis buffer and cytosolic extracts
(prepHPedisdotieasribescin LEKemeplest).werarimonm8DBiPREEmntible fractions
trangferred 4 ATeealilaRg e iR Qes! !
probedqirst with anti-phospﬁggTelSH;ZSf?%%egléq ggé%ﬁg?ntl o%%%gﬁlg%? e 1gE
SigrgfFjorechhsiegsauiseleseipate andmrptobied Fathnaatinpkaqgulation of

(corpraergialbn AYMAPIETE M dMe: GHALE receptor signaling in mast cells.

EXAMPLE 7
Mast Cells from PKC-0 Knockout Mice Are Different than Mast Cells From Wild-

type Mice
[0209] Studies of PKC-0 knockout mice have shown that PKC-0 is necessary for
TCR-mediated T cell activation (Sun et al., Nature 404:402-407 (2000)). A
determination was made as to whether BMMC from PKC-0 knockout mice were
different from BMMC from wild-type mice. To do this, PKC-6 knockout mice were
obtained and T cell proliferation defects were confirmed according to the methods
described in Sun et al., Nature 404:402-407 (2000) (data not shown). Effects of PKC-
0 deficiency were examined both in mucosal mast cells (MMC) and connective tissue
mast cells (CTMC). These distinct mast cell phenotypes, differ in the composition

and mediator content
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[0205] As shown in Fig. 10A, in the context of mast cell effector function in

wo 20@ergysand asthma, PKC-0 was found to be rapidly phosphondaiecheist
threonine 538 in bone marrow derived mucosal mast cells upon IgE

receptor cross-linking (Fig, 9A). Note that all BMMC expressed
odphrasaATaHes auldn iReifernaipmierl & Plkoimdaer diets bt irddiitént

mymnoé%&@g@k@%bmﬁk%m%t%n&%nhqa%g@%mg STYEAka,

T-cells (see Figs. IA-1C), phosphorylation at this site’in mast cells was
afodivdntnbetrighidexiets watsiept ¢Figsd0A)pAsshdWalingRigule©Are rich in the
activation loop phasphorylation was found o ocgur as early. as.2 minutes
T B e S S ARG

b3GemimutestrabtraS3VitkiogntDR0GE Fatleldrnimelweethetd@K&Aty, express
membrape transloeation occurred upon IgE, receptor crosslipking in
R SIS TSR S8 A SETBEP SOV WEAS S bRy A
oS Quernigtimoukice aneadgnulaied Wi dhe addSOAGLBNENGS ol

e an

minutes, 2 minutes, 5 minutes, or 30 minutes. Cells were then lyse

splfetiernlietng dberitRetavach withniplaiqingalurhisapbaicandiue.
ﬁh&@%&ﬂﬁ%ﬁg&@l@ftﬁgtmt({l?l'as@&gl\@DBL%&eé'r% tMHFek Welfeir
_resolved by SDS-PAGE, and then transferred to nitrocellufose. The
initgednagienog werdatien iesbed fiMilgitnshRereOqsdmaordzgy

11 d ' I I ' r
B o i i ant A e B e M= e
iegestigentaniountd aftexpitp siorest gheel gie rdéaptos { K GHedrcefalt cells,

supunit) on the membrane and DI fractions, and to confine equivalent
RO SO A GABRT bt o WCES RS S MG Yese
RHCeH sadihe fimbimtheamemisanetiaction of BMME atendmisutese

of crosslinking the IgE receptor, and is clearly evident after 30 minutes

r R BYERRRi My SIS R THBVRE R HIONS B, CAIRBRHTPIEC-6 can be
{@Pﬁﬂrvedf@%s'e\@ﬁwsa}{u“@w&%ﬁ{‘Jﬂ&i’-‘fé@@%@?ﬁ@@’i&&ﬁc& mice

minutes in Fig. 11B), the amount of protein present increases following

Ve shmipragest tensityricapior. Incte thi églMelevermsuiatsdbbihpdrjBneal
e T T
todpidiyettdnel dbatedouthie detengahnmidosabiterfiactibhattieveignbearedls
S SRl ORI ERREF s g £ ORI TR e
mast cell granules. No differences were apparent between wild-type and
PKC-8 knock-out mice in number or percentage of peritoneal mast cells, or in
granule density or distribution per cell (data not shown). BMMC of wild-type
and PKC-8 knockout mice were isolated as described in Example 5 and spun
onto microscope slides using a Cytospin, then stained with 1% alcian blue in
3% acetic acid for 5 minutes to stain the granules. Cells were counterstained
with safranin. As shown in Fig. 134, the BMMC from wild-type mice showed
more granulation than BMMC from PKC-8 knockout mice.

[0211] Next, to quantitate the differences in granulation in BMMC
following IgE receptor crosslinking, cell surface annexin staining was

employed. Cell surface annexin staining increases with degranulation, in

accordance with granule membrane fusion and phosphatidylserine exposure
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difference in the amount ofPKC-0 in the different lanes, because all lanes

wo 2003MME had equivalent amounts of PKC-0 in their wholg,g@}l exiiaetsss1
-70 EXAMPLE 6 PKC-S and PKC-[3 Distribution is Not Significantly

Altered Upon | E Receptor CrosslinkinOn BMMCs. [0208] Two additional
K Qdgrtityrmensoebsa K GG and PKCo 3 chaue beernimplicategriession,

R R 2 S 5 7 b SO AR TEEN Afaed with IgE
LR b1 68 4 BEAL4R(R0R; tMt@%qrﬁ%ﬁrﬂY h%@gﬁﬁimﬁﬁKﬁwe next
m

family members were translocated to the membrane in BMMC following I;

tapb cePtor eredutinianig ctradiiaetiord remRtNE dputfifeantdEScribrexin was
. [ in. Figs. i.e.,.the

A e eSBleS dal dr CeSed o

anpligisonithab enblotedeing FiabSdadorBIG R dvd K32 Bsinstdadhamber,

of PKC- in ti-PKC:S (Fig.,12A) and anti-PKC-[3I ig,.12B).
A B A R S i s R b ot P B Riptuce
dépathddnduciie! hembyanedafisliacationuvasiat getgdtediiond) Kke-[31ls
&:ég% 12{ a%d PKC-S (Fjg. 12B), as both arefpresent in the eytosal,

BraHEeA A0 deBPHMIT iRLB It @ FrSERORS L e duirhelCarhBGHE:
Bripessand sritan:atimutation et sGresslinkingehtneel0EcFeRARIGRrhPASR:
results demonstrate an important difference in the regulation of PKC-B

HsiRbBplee 95 b meprcasenayEdesemulatignaierndlusr expnce

EXAMRLEAS M@gegeggsafmcgg,g@@t@gqg@g{twgf Are Different than.
Mast Cells From Wild- type Mice [02091 Studies of PKC-B knockout mice

i9avalshovis sharPKD-Bifs heBeswanyafnd TCRiteyipte BVBET dctivalika -0

. 1402-407 (2000)). A determination was made as to
e S s R e R R R,
omhwiidayps raitey Th tethievRi grarkneckovtentite whiendiitainesi@ng
Teceely. gr%ﬁg{aﬂon defects were confirmed according to the methods
g&escrl )ed In’Sun et at., Nature 404:402-407 (2000) (data not shown).
Effects ofPKC- B deficiency were examined both in nnucosal mast cells
(MMC) and connective tissue nﬁt %@gMC). These distinct mast cell

phenotypes, differ in the compo
PKC-8 Knockout Mice Have Reduced IgE Levels

[0213]  The levels of IgE receptor on CTMC from wild-type and PKC-6

knockout mice were next compared. To do this, peritoneal cavities of wild-
type and PKC-6 knockout mice were lavaged with PIPES-EDTA buffer’. Cells
of the unfractionated peritoneal lavage from individual mice were washed
into PBS containing 1% BSA (PBS-BSA) and incubated for 30 minutes on ice
with 5pg/ml IgE anti-DNP or no antibody. Cells were washed in PBS-BSA,
then stained with FITC-labeled anti-mouse IgE and PE-labeled anti-ckit (BD-
Pharmingen). Mean fluorescence intensity was quantitated by flow
cytometry. As shown in Fig. 14A, compared to wild-type, PKC-6 knockout
mice had significantly reduced levels of IgE bound to the CTMC surface. In
contrast, there was no difference in level of expression of ckit (Fig. 14B). The

level of IgE bound to surface IgE receptors of CTMC is related to circulating
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and mediator content -71 WO 2005/062918 PCT/US2004/043281 of the

wo 20086@ukes, and in their anatomical distribution (see Beil ebale H1isiol 043281
Histopathol. 15:937-946 (2000)). MMC are found in lung and intestinal

mucosa, and contain hi%g. levels of the protease tryptase. Their granules

Iedrteviels i the Provedgiybarshersianiesardteonioigig and CaNE tougsgests
A B e I B TR ey e e

it
peritoneal cavity, express evels o ryptase aAd chymase, and

[omlelase tativety higheifievetsidfdriatansrectharbMMeEd Deeiv granbteserum

cont%ér; the Egroteo%l%can heparan sulfate, allowing them to be stained
I

At WIURNAS B IHBE AR ABE NErE Rk PHmit pik QR Rfstinct

stﬂlﬁéé,@b%é?&%ﬁ%é’&?%ﬂ@%Qu%‘?&—i%?@éfni{‘M&’@BJQEHQE&'R%&%%EO”
(see, e.g., Miller and Pemberton, Immunology 105:375-90 (2002)), but

asgiy ekt nantrabs thgEelgffftrencelyid stiibudBrisnvestdutionEId Dhdekates

inygsti f PKC- I tecell ..
BN b e e A B
myitse figh(bomenemirdly pragiebiofsom. Riontnaiste 67, ISACRiegd, K24 ), anti-

R BRI AR Lo ARG DREAD e et 1O

foedgrpased ptienotypitally (Fad dp ébisicCaiMGavase isolatae iy perieneathed

lav spun onto microscope slides using a cytospin, and stained with,
W RS BRI LHE LR e A (Ao S, SRRk, MEn
golaln Slampsiwith Wrehisreainean Finansaisig R atoeabnilkideptiydhe
mast cell granules. No differences were apparent between WiId-t)gge and

indiPe-BWRBRIABT IRTRRAH AdMireloP herdemhgRomm Senkrieamadtisdias

whaE Hetareaylgdensiy ondintiaionRensal ddata apkshauph BMMGRE 18

wild-type and PKC-0 knockout mice were isolated as described in
orHgAniprarangigialiyia veiePlnitiorc Spe thirtaBistaghadymyspissatiates, Inc.,

oy th 49 alciamblue. i 39 tic aci . b
e el e o A R T B T,

(Smémwﬁiqtmhmﬂdgypéesmtdetghbm Swer grapelatiodatas BMME
(SRELGTR KRAGKE RIS KA MR A PR RIBog TRERSsE Y

granulation’in BM

quantitated using purified standards of the appropriate isotype (Pharmingen).

[0215]  Thus, serum samples from individual mice were assayed for levels
of the appropriate antibody isotype using specific ELISAs and quantitated by

comparison to purified standards. As shown in Fig. 15A, IgE levels were

significantly reduced in PKC-8 knockout mice. IgG1, which is often regulated

coordinately with IgE, was also reduced (Fig. 15B). In contrast, IgA levels

were higher in PKC-8 knockout mice as compared to wild-type (Fig. 15C).

[0216] Indeed, the CTMCs from PKC-0 knockout mice were found to have

less degranulation in vitro with anti-IgE (data not shown), consistent with the
decreased levels of circulating IgE and decreased mast cell-bound IgE (see
Figs. 14A and 15A).

[0217]  Unlike the T cell activation defects reported in the PKC-0 knockout
mice, no significant in vitro mast cell functional defects were observed in

BMMC from PKC-8 knockout mice (data not shown). Because these cells are
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following IgE receptor crosslinking, cell surface annexin staining was

employed. Cell surface annexin staining increases with degranulation, in
accordance with granule membrane fusion and phosphatidylserine

exposure -72 WO 2005/062918 PCT/US2004/043281 on the plasma

membrane. For analysis of cell surface annexin expression, BMMC

deriv&H YeSnrwiteieniisendi peecionirip dke bensiceaers thadett withalgested by in vivo
anti{oNk By Reinhireatast QYeIRIBR IR M 5 ANHPNPADE Studies were

next day, cells were harvested and washed into PACM buffer.

FITESh ReXTRES (udeist dng ihemsadabwigsRi CEIRs forIgnainiHe DRP-BSA, the

37CpTime=haseddata ﬁﬁ@&&éi&mmeaéegv&iﬁta@ea%&&%ﬁ%ﬁﬁ&%ﬂ@&%a

with 37C sample chamber, interrupted for addition of the indicated

conEAtRETET BRI By ebsipaties tadbpannratdosetbi BN fe Siameditdrtype
10 mintes pemsamala;cthus, e eells Meredodusad: 599@9@5%@8 (W'cﬁrm ght in

the presence of FITC-labeled annexin. Expression of annexin at the ce

surfaleidindicain & dgyhnuie marmptate i SidHwithOthe/ vélienemibranemurine
uporydegr in. Me: | [ i as plotted

funchon o A AN B SRR el e RIRI B En o5
wildRYpeS BMMG fromtrPKE -0l knddks e nfce8hBWad lesd €5l 3y tandl MgCl, and
annexii staial [ ich:is.cansis with.their lower ... .. :
o o o SRS IR TR (R tration of

PKAXD RriveRdgemiee ¢iale Radide drige Cabaishonl Simheclaydld\otégEosslink
rece@g)fg@rg;%}@g; Bomwiditype and PKC-0 knockout mice were next

compared. To do this, peritoneal cavities of wild- type and PKC-O
knodRal# nicefivehestavage itk BiPESIED TAdDaNertrGatirofitision studies, cells

unfravcz,tf'e@atagmmﬁi@xw@mﬂeg%%%mm\wﬂfs%mﬁh%ﬂoiﬁ%n, and then
PBS containing 1% BSA (PBS-BSA) and incubated for 30 minutes on'ice

withSS§AMAGR NGB RABVER R 2Bt tesind iwere badeired fioras-Bealts of
therustainedithid Tadabelad grihmeysedsE and B Errhelethantt-ivic of

(BD- Pharmingen). Mean fluorescence intensity was quantitated by flow

cytohtelry BOSkemmis Pigd 1eamablepased dsamarntypen prddegiaiteroproduction

(data not shown). Maximum degranulation was determined by lysing an aliquot of
cells with 0.1% Triton X-100. For beta-hexosaminidase, supernatants were incubated
overnight at 37°C with p-nitrophenyl N-acetyl B-D glucosaminide (Sigma) in 0.08 M
sodium citrate pH 4.5. After 12-18 hours, reactions were stopped by addition of 1N
NaOH, and beta-hexosaminidase was quantitated by reading absorption at 405 nm in a
spectrophotometer. No significant differences were observed upon maximum
degranulation (data not shown).

[0219] For cytokine production assays, cells cultured overnight in anti-DNP-IgE
were incubated with DNP-BSA to trigger IgE receptor crosslinking for 6 hours before
harvesting supernatants. Supernatants were assayed for leukotriene using an ELISA
specific for LT(C4/D4/E4) (commercially available from ALPCO (Windham, NH), or
for IL-6, IL-13 or GM-CSF using specific ELISA assays (R&D Systems,
Minneapolis, MN). As shown in Figs.
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mice had significantly reduced levels of IgE bound to the CPMC surface.
ast, there was no difference in level of expressior%%}@gt QFQ

wo 20038 |
14B). The level of IgE bound to surface IgE receptors of S

IS refg%g%j
to circulating -73 WO 2005/062918 PCT/US2 0 04/04 32 8 1 IgE levels
18 Ahecan)iBMMThe sadiead mraberiiqune gk aeteiiMG ssggesisohat

PKC-0 knockout mice may have low levels of serum 1gE. [02141

IRNste sehesigimannt difErendis wér) obiséA/dtideiBe anid kdriig. 16C)
daatiboomievelsafwilg: ?g mice and PKC-0 knockout mice. For these

studies, the serum samples from wild-type and PKC-0 knockout mice was
[8228)ed lesbrerens lgeymi §GTBan® yice T lo JthiksdakiSorpt &yl SAr

( mercially available from Nunc, Rochester, ere coated
e B e A S R e ere

iBiéged CApmtiM:Ddause keiip ddighd, cbtiwed bimBreiadiy-avaidabl kel
igma, St. Louis, MO) for IgA, or anti-mouse |gG (Fab-specific; Sigma)

B AP AL B B h O i P KoL S GO REBR A0

3By TvesR) dherkigeieth With &-a%c getesinda R BBrfer @ heuts wkreom

temperature. Serum dilutions were added in PBS-Tween and incubated

gererdest ﬁméag%éh%qge%@éﬁaﬁ?#& /B ing NVaY deestier ssinplepeaitrd
wistingaed-antibadias directerhagainst Mouse 1ok, MO mecially,
am

available from Southern Biotechnology Associates, Inc., Birmingham,

SHIep oMy S, (IIEHAH RIS 367 GRENBY IR Bakepmividiacidolah érom Gibco
Bete ; ' ; ' t )
e Rk el
ratestiface habireepudhicetstaid drgg OfithentipQiDpriaté 4spypel anti-CD28

Pharmin 2151 Thus, serum s les. fr individual mice were
T S S TRy st Sy =
rEISAS (HigaihaGtitateddye, cdmparisOy ol phIifictl Biendapds, Asgbead) @),
Fig. 15A, IgE levels were significantly reduced in PKC-0 knockout mice.
af@%% HEh F&% WimRyeg ttatenibsritsali ahayed Wae sy reagekyred in

tfeigrd&Bkd @mﬂgﬁnug{?nlm@%m@%gmgjmﬁl&%—%@rg?mm)mwaﬁu
compared to wild-type (Fig. 15C). [02161 Indeed, the CTMCs from PKC-0
rihbekdarvittessneraigundgs mava tisss ersgihuiaaitibindieso MthrdhtieryE

M%P%H@ﬂ@n??@ﬁ?&?@e@gﬁ%w in the absence of IL-2 (5 U/ml) for an
additional 3-4 days. Resting CD4+ T cells or Th1 or Th2 effector cells were
plated at 1 x 10° cells/well into 96-well flat-bottom plates that had been coated
with 0.5 pg/ml of anti-CD3 (2C11). All antibodies were from B-D
PharMingen, San Jose, CA. After 3 days cell culture supernatant was
harvested and assayed for IL-4 and IL-5 by cytokine bead assay (FACS).
[0221] As shown in Figs. 17A and 17B, T cell cytokine data from PKC-8
knockout mice showed that these mice produced reduced levels of both of
these cytokines.

[0222] These results showing that that naive PKC-8 knockout mice are
deficient in circulating IgE and IgG1 levels are consistent with a role for PKC-
0 In maintaining homeostatic levels of IL-4 in vivo. IL-4 is a Th2 cytokine
which has a role in Ig (immunoglobulin) gene switching resulting in IgE and

IgG1 synthesis (see Bacharier and Geha, J. Allergy Clin. Immunol. 105(2 Pt
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decreased levels of circulating IgE and decreased mast cell-bound IgE

(see Figs. 14A and 15A). [0217] Unlike the T cell activation defects

reported in the PKC-0 knockout mice, no significant in vitro mast cell

functional defects were observed in BMMC from PKC-O knockout mice

(data not shown). Because these cells are -74 derived in vitro from
progritofs-irs 136 Won enh Bemsictheyiadevinoteatié ctétby. ifmvivo devets @f3-1077

IgE, @leg nﬁ)}% 'P%Q % irtpsgx us IgE anti-DNP in vitro. Studies

et A o reiHo et T e R e e yated
DNTPIBSA afte aBiVINICHgone RK G0 Knockouymicey deigrahe@i@elGTP exhange factor
genegrated IeHég trienes, and, produ @3 tga?vrﬁ similar to those
proﬁ%\é %%/ %&e?rgzm zvﬁ’é;}%é) ?r?%%c% or%sge(s 19 %S the following
methods, mast cells were plated overmiglitMPILB% HI FCS in DMEM +

PS/gln @ tlggu +93|%|1%n I, } ._ A n ' tgt se To anti-
7.2 containing 13B.rOMINAGE PE mMMKEILEThPEREGTER, QFPM Maei 2ok

ontd 26 hion!o DN AL LTI VDI PLF S CabaRBAoied mastcel

SanddirgdoGAKI0-Orassirkutheidg b seceptiRia@donamyeinadB2dBlaEOmouse model
histamine, B-hexasiminidase and leukotriene production studies, cells

werd Ot SUREISHE SHH RSP NP3 68R A8 of BiNPUBdsicEpIne whether PKC- is
lonamygindand dhene SURLI ABianis were hryyesied.and @!@,%@—@Qnockout} mice

immediately or frozen. Results of degranuation and leukotriene

prodiiction Blgérikhtersonealsxethebailanasdonirdernathoekbati sfcear with anti-
had perpahiavaisaf degianyation andrisgistrigns 9&}9&89%&?@%@%@ ed 20 pl of

shown). Maximum degranulation was determined by lysing an aliquot o
celld’Frrpthosaritaliiealoeit srbetaitdeceamiiideyelesgpebastamsar thicknesses

Wer%v'l%}el&@éﬁﬂm‘éﬁ%ﬁ@&%@%@ﬂ@d?f&%[ﬁ@é%ﬁ%&%g?@%l %Qx%% (commercially

glucosaminide (Sigma) in 0.08'M sodium citrate p . After 12-18
hourY2HERAEi HeEwp pt ) dneraBRnEr INVNEDPOMRE Following challenge, ear

betapexesaminisaseasqHantiaieddyieating, Qbrﬁﬂfﬁt,ig'}ﬁﬂr%p;hﬁl@ urs and

a spectrophotometer. No significant differences were observed upon
maxiTHIRTS el AMURATE RNt Mt I8R6GHI8D2191 For cytokine

produgtia asseysheeisicuiures eyariahi BRI lgREMEI& increase in ear
incubated with DNP-BSA to trlg%er TgB receptor crosslinking for 6 hours
befot@elling in response to anti-IgE. Indeed, following anti-IgE challenge, ear swelling

was approximately 2.5 fold greater in wild-type animals at the 1 hour time point
compared to PKC-0 knockout animals (Fig. 18). The decreased ear swelling response
in these mice 1s consistent with cell surface and circulating IgE levels. As described
above, PKC-0 deficiency results in fewer mast cell granules (Figs. 13A-13B) and lower
IgE levels (Fig. 14A). These effects are likely in part due to the attenuated T cell
dependent effects on modifying mast cell functions (Boyce, J. Allergy Clin. Immunol.
111:24-32 (2003)).

[0225] To address whether PKC-0 is involved in IgE mediated mast cell signaling,

mast cell-deficient Kit"/ Kit"” " mice (commercially available from the
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harvesting supernatants. Supernatants were assayed for leukotrienc using

WO 2{;}&%@@ specific for LT(C4/D4/E4) (commercially available from ALFGR:
(Windham, NH), or for IL-6, 1L-13 or GM-CSF using specific ELISA

assays (R&D Systems, Minneapolis, MN). As shown in Figs. -75 WO
2005602908 ROTI 82004043281 y Fepaied, BMME frort BRIGI6ficiency
knockaout mice consjstently produced lower levels of the cytokines TNF-a

(M kST eelly 4By Caraam & g koesipahasmie frat mice. In
Wikkbpe iceni0P201NExh SRleeHS oM &R TRIIOIMIRS (Te JARKI9Be mice

Laboratory, Bar Harbor, ME) were made into a single cell suspension an
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apd BONVRSTeAHAPRITIRO ek sl Fomildibepe Hecd epdveolegigpeaded in
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coitieef WMEM ancdaimieced avd dogh/thedett-anhe chitgiessidsx 10
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A AU U e SR Sy Sl
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thriee weyssehsttinathbgnintelldenard mjpaicie ditottiedbfencesathl IFE(5nti-
[ml) for an additional 3-4 days, Resting CD4+ T cells or Thl or Th2
e Attt ereS BIARIYIR! 1RO T ERRHVERAd ‘osaNER iRiuitrENt ear

aegthabhaHRaenAeaad il Des SHH 102 GRBSARLbLL ) lvith DNP-

antibodies were from B-D PharMingen, San Jose, CA. After 3 days cell
Cilftchr &1 P @ristan DR THapos Sea BHARSAY ¥RFS I e dird RIS
yto

f

CHOMAR 0GAA BRI S Rerlled HofR NI EIIDAT QAN AL, T

cell cytokine data from PKC-0 knockout mice showed that these mice
pP8aaked rEaecesldyskosresbthastKit"/ Kit"” mice which were reconstituted
with mast cells lacking PKC-8 showed no differences in terms of ear swelling
compared to identically treated Kit"/ Kit"” mice that were reconstituted with
wild-type mast cells (data not shown). These results suggest that the ear
swelling deficiency in the PKC-8 mice is most likely due to T cell dependent
effector function directly and /or indirectly on other immune cell types. Some
T cell cytokines that are inhibited and impact immune cell function include IL-
4, IL-5, TNF-o (Figs. 17A, 17B, and data not shown).
[0227]  However, the mast cell data suggests that inhibition of PKC-8 may
directly modulate mast cell responses. As discussed above, PKC-8 was found

- to become rapidly phosphorylated on the activation loop upon IgE receptor
crosslinking (see Figs. 10A-10B). The subcellular distribution of PKC-6, and
not PKC-6 or PKC-BI/BII, is altered upon IgE receptor crosslinking (see Figs.
11A-12B). Most importantly, there is attenuated cytokine production by PKC-
8 knockout BMMC in response to IgE (Figs. 16A-16C). These cells are derived
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these cytokines. [02221 These results showing that that naive PKC-9
WO 2Ol(m/octgout mice are deficient in circulating IgE and IgGl levels are
C3R&tEnt with a role for PKC- 0 in maintaining homeostalfc &G 6423

in vivo. II__-4 _is aTh2 _cyto_kine which has a role in _Ig (immunoglo_bulin)
gene-s\Wthipaoesyiing in 18E R0 19GERYNIREsISL3eR M%%ﬁd@wo
Geha, J. Allergy Clin. Immunol. 105(2 Pt -76 2):S547-58 (2000); and
E@?@%Rfdﬁﬁmdqvist et al., Eur. J. Immunol. 18:1073-1077 (1988)). The T

pressi dominant neqgative-gene constructs strated.that
o RS ST Qb ahe S/
€kiBhgé fadibityyew(sesolehans pialy dytvamimald 1641382088361

igy(éoo ) EXAMPI8%9 PKC-0 Knockout Mice Do Not Have Increase In Ear
il MR BHE8F S AMIMGROCHNAL THE BTN EPiErTie BeddEnts2)

AFENaeausdgB402431 ﬂ?i@fqgrcmaﬁ‘é B1ine WRBINeE PGS received 20
involved in TQE mediated mast cell activation, PKC-0 knockout mice were
iehvef (e?éel dalmedspiraturir diseasbrigbise imodeletdyking ah passiuéer,

n anaphylaxis (PCA). Thus, to determjne whether PKC-0 is
R e e S RS Al
duigjekmud)tonice chaildapé Blilh WildHYES £qN0 g Wese£Nalbanged.o% saline).
@trad rn}gilly in,theé%ft ear with anti- IgE Phannin%%;los ug/kg in 20 It]

FEBSS RsAUBHBL ANRERIS AR ¢ PP I i HOLEPHaRAbFEl
Jiﬁﬁlti&%u?fi@é_mmief%%% @ﬂ%&&%ﬁ&%ﬁ@ﬂ@ﬁ&”@%@%ow&%d as
determined using an engineer's micrometer, Upright Dial Gauge
?Eéﬁ‘i‘rh%ﬁiﬂﬂy @vailable from Mitutoyo (Japan)) measuring down to

". Following.shall iskne L ts were col
o R T S ST R0 e
el paselipeneshdirigsntioalls trastetowildinfig co BnRK@R@skriBokoetults

ige di have.increase.in ea elling in response to apti-IgE.
T i g2 SaP e Ras sp by s
riobdegréaten impoiiibtype dargiedsdtdbirth hownHMeiReINY sempared to.
PKC:-O knockout animals (Fig. 18). The decreased ear swelling response
in these mice is consistent with cell surface and circulating IgE levels. As
described above, PKC-O deficig&%mﬁslm fewer mast cell granules
(Figs. 13A-13B) and lower IgE levels (Fig. 14A). These effects are likely
in parildiieaodiEAEEle #DoelPKC-6 Knockout Mice Show Reduced

Proliferation In Response to Stimuli As Compared to PKC-6 Wild-Tvpe Mice

[0230]  Inorder to determine whether differentiated T cells from PKC-8
knockout mice were normal in their ability to respond to stimuli, spleen cells
from wild-type and PKC-8 knockout mice were differentiated in vitro to TH1
or TH2 populations to ascertain the proliferation defects of the T helper
subsets of cells in the absence of PKC-8 expression.  For these experiments,
naive T cells were isolated, and TH1 and TH2 effector cells were generated.
To do this, spleens from C57/B6 mice (commercially available from Taconic,
Germantown, NY) were made into a single cell suspension. Red blood cells
(RBC) were lysed with RBC lysing buffer (0.3g/L ammonium chloride in 0.0M
Tris-HCl buffer pH 7.5) and washed twice. CD4+ cells were isolated by anti-
CD4 magnetic particles, followed by Detach-A-Bead (Dynal) per
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dependent effects on modifying mast cell functions (Boyce, J Allergy Clin.

wo 20009l 1 1 1:24-32 (2003)). [02251 To address whethgf RRC5001S) 43061
involved in IgE mediated mast cell signaling, mast cell-deficient Kites/

Kit" mice (commercially available from the -77 WO 2005/062918
ROT(38260404328¢ tgackByndldbiotatdry)wierdNsetectivelf nepaiiedvete

tﬂgi&g I\e/llgssé cell deficienc[y vyfth eithetr masg ells derived from PKC-0
Knockout ér Wﬁa-%?ﬁ)‘éemiccg. h COHeF B s,0 RESEEIs I BRE G
leastkout Hficetor velinalemwilgkbiatatidsy wededtansiesied inteltbe Ktdting

it" smice (this adoptive transfer technique is reviewed in Galli and Lantz
IS Gy AT NGBy TR LB b3 A B
HRPINGOlRANR) Rrass Philadephia 24n999: A Wil and Gallind-
Allergy Clin, Immunol. 105(5): 847-859 (2000)). Briefly,1 x 106 BMMC

W%@Kﬁmaﬁtwmyﬁélmmm%éagpféﬁma@ihaz@i@f
RMEM émﬁ%%'-%‘al?gﬁ'a&etiﬁf@ A0 Eiath Sgéow?e(é}nelsngtﬁg f&%ﬁ_ﬂ%ﬁggﬁm

of 7 week old mast cell-deficient Kit"/ Kit” mice

ane K¢ gveak s ibindppBopridie sheniottiof tinls (0ermbleptietadopfileatylls, the
r cel ature within the connective,fissue),, mice, wer
o T AL B R s 9 e
RSepknge A 30ogritrol recimblspecaived: 3% 1Sa(ing o, Bemibtitgar MA),
ty-four hours later animals were challenged jntrayenqusly with DNP-
T R R e S oot B i
aftaltangeedid abdshdays 2IMopnskedeaurscand @ dieursnastehalendieuring
0226] The ééesults showed that Kit/ Kit" mice which were reconstituted

RiTGHaS LAPRSRIG PKE B8 B SECRB YiftaRITEeE IR nfs (Bfedoystems,
sweling otamaaIsd taidentisalbrsaact KiGhIi Tmicedbatyes®), and 5

reconstituted with wild-type mast cells (data not shown). TheSe results

‘e snhanarse B Nswammaadiercieirpin Ahkanbodissiveers fiost FkBly

1eug it eall depgndent agffector function directly a nd/or indirectly on
other immune cell types. Some T cell cytokines that are inhibited and

[RRBALt imbeurs <éfprationorsragiadeil- ar IR -Tiictorcr)ts weae piaed at 1
206 daia s sho 1;%38756':@@1?1!@ HRESIRSISHE IR RUISHR Ndteq

inhibition of PKC-0 m
with various concentrations of anti-CD3 (2C11) and in the presence or absence

of soluble 5 ng/ml of anti-CD28 (clone 37.51) and /or 10 U/ml recombinant
human IL-2 as indicated. On day 2, cultures were pulsed with 0.5 pCi of
[PH]thymidine (Amersham Bioscience, Piscataway, NJ) and harvested 6-8
hours later onto filters using a 96-well plate harvester. Incorporated
radioactivity was measured using a liquid scintillation counter (Wallac,
Gaithersburg, MD). All antibodies were from B-D PharMingen, San Jose, CA.
[0233]  Asshown in Figs. 20 and 21, TH1 and TH2 cells from PKC-8
knockout mice were significantly reduced in the proliferation response to TCR
stimulation at both optimal (0.5 ug/ml) and suboptimal (0.05 pg/ml) anti-
CD3 signal strengths (Fig. 20C and Fig. 21C, respectively), as well as, upon
TCR/CD28 co-stimulation (Fig. 20A and Fig. 21A, respectively). Addition of
exogenous IL-2 to support T cell proliferation by a PKC-6 independent

pathway partially overcame the reduced proliferation responses of naive THO,
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directly modulate mast cell responses. As discussed above, PKC-0 was

wo 20iuURs, » become rapidly phosphorylated on the activatio%ﬂxf&%;%% 19
receptor crosslinking (see Figs. IOA-10B). The subcellular distribution o

PKC-0, and not PKC-S or PKC-(31/G3ll, is altered upon IgE receptor
drio3slimkdrig{2eel Bigsoni PRI 2B)nbastimporeabily, dheyarscatipnuaien with

| roduction by PKC- 0 knockout BMMC in response to IgE (Figs.
R e o R Y E W D64 BT C D5 sina (Fi 208
RO b8 20047845281 dn20LD0,fieHd B REENIDYSE the RoNSMATKOWRNGL /mi
are not affected by in vivo levels of IgE. [0228] In another experiment,
PRIE 9 kKB g atipRletpr it and crss e Bawikipgpecenitels lack of

' it j e injectiop. intg.the left gar with

P T L e 2t S ours
peind ibHallengds Ayergontdesinifieds oberigthd0s [0FD (@ sallieaindo? 1D),

contralatetal right ears. Twenty-four rs later, baseline ear . .
AN Bt bt S B Werer S0 to
hppebalienge yatviN Rhl S Ao (ermakninidD el Qe saling)ry valithe

E%%? ing Qggour period (i.e., readings at 1 hour, 2 hours, 4 hours, and 6
|\4Aé)ost- SFR AR a feRRIB S S8 Hhehe iRdhutR VR L cd IRk Hckion by

vescliprARREvE ﬁ@gﬁgkﬁé,ww & iﬂi&\?ﬁztﬁﬁ%@fl%h@ﬁ&%?@b ngggest

significantly less ear swelling compared to identically treate pe

HorintSBatisn madi pasinduetdrsdifecuiendiesi¢tios ststaimed Oy <TigpoH1,

= all,.molecul nist in alle nd asthma in an
e B e R R ST FE e mBengen
KavbuiaUT Micey 8HaneReddcetioRy oliferalidre lpdresiiong e tofStnuilAsot
Rﬁ\c grrled to ?KC-E V\(Cild-Téﬁe Mic OZSﬂI order to determjne
WHSHE drpdmal e F &S Sﬁ‘ﬁﬁglﬁg. o EEePa A 1
tisefinad Hityi tol kegpodiktasiipiufsisiesn Bedm famewildiivipe anfiRKG-pect

knockout mice were differentiated in vitro to THI. or TH2 populations to

Qb Ler I tRE P Saras Rkeerd &t tHda Theaper Thbsetboieinsianierther
BESERRS Afthdt 4B RIPHORH MK DR SPPENDENS ) or alleviating the

symptoms of asthma by targeting PKC-6 in TH2 T cells.

[0235]  While the invention has been illustrated and described in detail in
the drawings and foregoing description, the same is to be considered as
illustrative and not restrictive in character, it being understood that only the
preferred embodiment has been shown and described and that all changes
and modifications that come within the spirit of the invention are desired to

be protected.
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naive T cells were isolated, and TH1 and TH2 effector cells were

generated. To do this, spleens from C57/B6 mice (commercially available

from Taconic, Germantown, NY) were made into a single cell suspension.

Red blood cells (RBC) were lysed with RBC lysing buffer (0.3g/L

ammonium chloride in O.OM Tris-I-ICI buffer pH 7.5) and washed twice.| ovp yysg
CD4-- cells were isolated by anti- CD4 magnetic particles, followed by
Detach-A-Bead (Dynal) per -79 WO @%{%918 PCT/US2004/043281
manufacturer's instruction (Dynal Biotech, Oslo, Norway). The cells were

either assayed as naive T cells, or activated to generate effector cells.

[02311 ec or Ils enerate activ naive T cells b latlng
x105 |so a es;(r\:ﬁ )%ﬁl Cg"lfc)?){ﬁ”rfnoéupplemeﬁ’%fecf nith” TB%/(/1

2 mM L(ag|utamsnnea,cﬁmg&m&mmmapthﬁatlﬁamioﬁammgmﬁmﬁpmyﬁm a test
sodium pyruvat 2(%1E1I\}€g-essentlal mino acjds (all from Gibcg Life
TEERhOTOLTES it PIoStEs thiP ARA DT ST ate QRARCE HghmPp prokaryotic

art-GRB and 4 pg/ml anti-CD28. TH1-skewed T cells (i.e., a population of
T cells, the majorlty of which are THI. cells) were gl?ﬁ erated lgg/ culturing

the cell§%h the drEdiping &%ﬁﬁ%ﬁ?@&%ﬂm%ﬁ?ﬁ ArkRARe A K Rfjhe PKC-6

GasmbridgehMdhcdotdimlkesamiipant human IL-2 (In.vitrogen, Carlsbad,
CA), and 5 pg/ml anti-mouse IL4 for 3 days. T112-skewed T cells were

generatS B R ARRIRge ﬂﬁé}teeﬁglﬂ%@cﬁ%“ﬁ@é@ﬁ&e F4o-Aprvficiacontbrrispetional
muERR AL tHetBEDnusisBsen MiBneanelis: N s 1AM esemBi@Mor of 2 PKC-

human li 2 (Invitrogen), and 5 pg/ml anti-mouse IFN-gamma for 3 days.
RrigigHddies were from B-D PharMingen, San Jose, CA. [0232] For
proliferation assays, TH1- or TH2-effector cells were plated at 1 x 105
cells/0.2 ml/well into 96-well flat-bottom plates that had been coated with

various Eeheeittediohs grahivdpsippta moduéniarthbpPédentereiein that reduces
ahsenceokaolble 2.nglmtet g?thgﬁzg @4%%%7 %@?%%ﬁ&é?a%a ment

recombinant human IL-2 as indicated dultures were pulse

Wih@®@5 pCi of [3H]thymidine (Amersham Bioscience, Piscataway, .NJ)

and harvested 6-3 hours later onto filters using a 96-well plate harvester.
Incorporated radioactivity was measured using a liquid scintillation
counterliWallsidiod of claim 1, wherein the modulator of a PKC-0 protein that increases

the kinase activity is an activator of the PKC-0 protein, or the functional fragment

thereof.

4. The method of claim 1, wherein the PKC-0 protein is a full-length PKC-6

protein.

5. The method of claim 1, wherein the PKC-0 protein is a functional variant of a

full-length PKC-8 protein.

6. The method of claim 1, wherein the functional fragment is a PKC-6 kinase
domain.
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Gaithersburg,MD). All antibodies were from B-D PharMingen, San Jose,
CA. [0233] As shown in Figs. 20 and 21, TH1 and TH2 cells from PKC-0
knockout mice were significantly reduced in the proliferation response to
TCR stimulation at both optimal (0.5 pg/ml) and suboptimal (0.05 pa/miyyp wisk
anti- CD3 signal strengths (Fig. 20C and Fig. 21C, respectively), as well
as, upon TCR/CD28 co-stimulation (Fig. 20A and Fig. 21A, respectively).

ditio -2, 1 _ [l proliferation by a PKC-0 .
epon e e oS ot e
responsesofnaivecTe$0: 280 W@ 2005/06 203 ROTIUS2004/043281
THI, and 7H2 cells from PKC-0 knockout mice, but only in conjunction with
TCR/CD28 co-stimulations at the optimal 0.5 pg/ml anti-CD3 signal (Fig.
20B withhamicthpd 8 fzpieimid. PoBaNitHeuamicDmRIP At slibvplitnab®oBling a

B : St ion fail t

e I ot DS caar o S o U IR FEREE gt s
2eA)t.In these conditions there is a very modest effect of exogenous IL-2
(Figs. 21B and 21D), with. proliferation of TH2 cells from PKC-0 knockout
mice remaining approximately 30% of the proliferation of TH2 cells from
Wid-typéhmidethpobaid amnds evisseitsthro tragiemvitixtiis iatoitorisf fomprising a

RIGREHOR BY o PRECOHKROCKOUI I G RHSH{SRE oFolp SR o NAYERA-100 mM,
404:402_407'(20005)(’[@[(1?1}%e5t that TCR stimulation-induced proliferation

cetthdobe®dsthife Ot A40- 3l YD aedls HORKE 1oMctivity is
inhibited in these cells. In conjunction with reduced TH2 cytokine
production, these T helper cells, therefore, will not_function as optimal
effector C¥IE BRI 2 e i HBHERYBStSRIsREY IR CANRRId at) andgic
disease physiology. From these findings, a further aspect of the invention
is to target PKC-0 in TH2 T cells. Thus, the invention further provides a
therapetifie REEME SIS PleVbRimy Badrskameiistisd (- spfptoms of
asthma by targeting PKC-0 in TH2 T cells. [02351 While the invention has
been illustrated and described in detail in the drawings and foregoing
descriptidls, HEPOIAE Lt Pe ChHEIRERs F R Ahfiistrslb s rise rastriciive
in character, it being understood that only the preferred embodiment has

been shown and described and that all changes
13. The method of claim 1, wherein the modulator of a PKC-6 protein is useful for

treating asthma in a mammal.

14. The method of claim 13, wherein the mammal is a human.
15. The method of claim 13, wherein the asthma is IgE-mediated asthma.
16. The method of claim 1, wherein the kinase activity is the autophosphorylation of

PKC-8 protein, or the functional fragment thereof.

17. The method of claim 16, wherein the autophosphorylation of the PKC-0 protein,

or the functional fragment thereof occurs on an amino acid residue of SEQ ID
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and modifications that come within the spirit of the invention are desired to

be protected. -81 LLOYD WISE. CLAIMS 1. A method for identifying a

modulator of a PKC-0 protein, comprising: (a) contacting a PKC-0 protein,

or a functional fragment thereof, with a test agent, wherein the PKC-0

protein, or fragment thereof, is obtained from a prokaryotic cell; and (b)’~~LOYD WISE
determining if the test agent modulates the Icinase activity of the PKC-0

el r.the, functi fragment thereof,, wherein a change in the kinase .,
S T S R R 08 o serne
presércet glothbae$i8agdnt ikrpvdiostivei dfia anpokilatorsof adrK GreQlprotein: residue
2, The;methed of claim 1, wherein the modulator of a PKC-0 protein that

educes the prase activity is an inhibitor of the PKC-0 protein, or the

functional fragment thereof. 3. The method of claim 1, wherein the

nﬂ@.du|a@ﬁ@ﬁﬁtﬁ&%@cﬁ%ﬂﬁ,t%%@ﬁ{?ﬁégﬁto%ogﬁ%ﬁﬁgw Y588y the

activator of the PKC-0 protein, or the functional fragment thereof. 4. The
rHERRBEING e B RPHSTh 1hé TIREQ B Is a full-length PKC-0
protein. 5. The method of claim 1, wherein the PKC-0 protein is a
functional variant of a full-length PKC-0 protein. 6. The method of claim 1,

v@ﬁereinﬂh‘é%‘é‘t’@ﬁéﬂ?ﬁ@rﬁe?@%‘ eélﬁ@-@kfhﬁbéf eimRAIACS 8ot NDP K C-6
WIREin! off 1R MEIRI AT Claim . HheLe va?adt%%? re{é]éﬂ'c%ita Plger-‘@)psrﬁ%esﬁrate.

e
comparing the kinase activity of the test agent relative to the absence o
the test agent. 8. The method of claim 1, wherein the contacting step is

ejggcf[ed-[l% RIQYSNG: 9121@??9, H&léﬂ’f Rﬁeolgitll;h%eléllégGRﬁrsottﬁé%h%rs&ll%rylation of
functional fragment thereof, and the test
the PKC-0 substrate.

21. The method of claim 19, wherein the PKC-0 substrate comprises an R-X-X-S
motif or an R-X-X-T motif, wherein R is arginine, X is either an unknown or any

known amino acid, S is serine, and T is threonine.

22. The method of claim 19, wherein the PKC-0 substrate has an amino acid
sequence selected from the group consisting of KKRFSFKKSFK (SEQ ID NO: 5),
FARKGSLRQKN (SEQ ID NO: 6), FARKGSLRQ (SEQ ID NO: 15),
KKRFSFKKSFK (SEQ ID NO: 16), QKRPSQRSKYL (SEQ ID NO: 17),
KIQASFRGHMA (SEQ ID NO: 18), LSRTLSVAAKK (SEQ ID NO: 19),
AKIQASFRGHM (SEQ ID NO: 20), VAKRESRGLKS (SEQ ID NO: 21),
KAFRDTFRLLL (SEQ ID NO: 22), PKRPGSVHRTP (SEQ ID NO: 23),
ATFKKTFKHLL (SEQ ID NO: 24), SPLRHSFQKQQ (SEQ ID NO: 25),
KFRTPSFLKKS (SEQ ID NO: 26), IYRASYYRKGG (SEQ ID NO: 27),
KTRRLSAFQQG (SEQ ID NO: 28), RGRSRSAPPNL (SEQ ID NO: 29),
MYRRSYVFQT (SEQ ID NO: 30), QAWSKTTPRRI (SEQ ID NO: 31),
RGFLRSASLGR (SEQ ID NO: 32), ETKKQSFKQTG (SEQ ID NO: 33),

DIKRLTPRETL (SEQ ID NO: 34), APKRGSILSKP (SEQ ID NO: 35),
MYHNSSQKRH (SEQ ID NO: 36), MRRSKSPADSA (SEQ ID NO: 37),
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agent. 9. The method of claim 8, wherein the reaction mixture is in a buffer
comprising a concentration of NaCl that is selected from the group

consisting of 50 mM-100 mM, 100 -150 rnM, 150- 200 mM, and 200- 250

mM, and 250-300 mM. 10. The method of claim 9, wherein the

concentration of NaCl is 250 mM. 11. The method of claim 10, wherein LLOYD WISE
the prokaryotic cell is E.coli. 12. The method of claim 1, wherein the

milRe e e AR i Yk )
maabddaThe o0 of Glai 1Br Mhetgiv the Anapmaisahuman.

15- The method of claim 13, wherein the asthma is IgE-mediated asthma.
18RI 66 (SR D, Wokrsl) MBRHHAEELERNI(BIEIN® NO: 43),
auto hosiho(gllation of PKC-H protein, or the functional fraément thereof.

14F & @RI NI e th SRR pHO LY (RS B 45),

S S o SV B B D A e o

Consistny of Herse@leryasidueal PoSitiarRESHR esS@ling 119 sidyieal,

position 685, the threonine residue at position 538, and the threonine

BSOS PRSI 68K 18,V MbthGRLBRARRRIHRGIMND: 51)
R e e e s
R SeTIE papa e o el

VIMEIRRCGEY Rinas ¢SacHvity e0he HhOpRRBARION Q1 f (SR PIKONGs Wegtrate.

21. The method of claim 19, wherein the PKC-0 substrate comprises an
RIKES phétls@P ARHRXIXNGHBRY, aveRIRRIF Adginind, (REC2itReNEN 60).
unknown or any known amino acid, S is serine, and T is threonine. 22.
The method of claim 19, wherein the PKC-0 substrate has an amino acid

setjuenddisensthed daidiiRe! groifscdo HgnagubrrKH B SKKKS PRYGEQIDEs the
N{%ﬂé&@&ﬁ/ﬁ%%ﬁgﬁwdﬁﬁ)%ﬁg &%e%l&%%@n@%@e&% %Oa:t least two-

15),
fold.

24. The method of claim 1, wherein the PKC-0 protein, or the functional fragment

thereof, is in a cell.

25. The method of claim 24, wherein the cell is selected from the group consisting

of a mast cell and a CD4+ T cell.

26. The method of claim 13, further comprising assessing the efficacy of the test
agent identified in step (b) in an in vitro or in vivo asthma model,

wherein a test agent that shows an increased efficacy in the in vitro or in vivo
asthma model as compared to a control agent is identified as being useful for treating

asthma.

27. A method for identifying a modulator of a PKC-6 protein, comprising:
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KKRFSFKKSFK (SEQ ID NO: 16), QKRPSQRSKYL (SEQ 1D NO: 17),
KLQASFRGHMA (SEQ ID' NO: 18), LSRTLSVAAKK (SEQ ID NO: 19),
AKIQASFRGHM (SEQ ID NO: 20), VAKRESRGLKS (SEQ ID NO: 21),
KAFRDTFRLLL (SEQ TD NO: 22), PKRPGS VHRTP (SEQ ID NO: 23),
ATFKKTFKHLL (SEQ ID NO: 24), SPLRHSFQKQQ (SEQ ID NO: 25),L0YD WISE
KFRTPSFLKKS (SEQ ID NO: 26), IYRASYYRKGG (SEQ ID NO: 27),

KTRRLSAFQQG (SEQ TD NO: 28), RGR PPNL (SEQ |D NO: 29),
MYRR %FQ%O(&%%%&N@ %’83?%%%% Eﬁﬁ%ﬁif”\{@é&% 1541’6?1%&3%, Hagment
RGFR SABLGR{(SEQ | B INRIBA) EREKKQESFKQ TEASERIDINRB3) obtained
DIKRL, TPRFTL (SEQ ID NO: 34), APKRGSILSKP (SEQ ID NO: 35),

ANSS Péﬁé?‘i&é&%% NO: 36), MRRSKSPADSA (SEQ ID NO: 37),

-84 LLQ¥PD WIiGEermRHieGThR YOS (S 2 d ik 86D S8){ dMRRNENATIBAAF the

( NO: 39), ITRKRSGEAAV (SEQ ID NO:; 40), EEPVLTLVDEA
(ggg'{%”rﬁiﬁ?hfg‘, Ase ‘Rﬁ&%@% RSB IBND STk PEKLSGLSFK

(SEQ IDvNEXi#3) c AR BleAGGIR(SpRE: IR ISP 0 fhle PKCHRBTAKN RMhe
(gE%.ID NQ: 45), VVRTDRSLKGRR (SEQ ID NO: 46), KRRQISIRGIV

(SES BN AT WERAO YL RiFesieeset s 198 248)! & Trckeg bR agnodulator
(SELPING4RIn. RVVGGSLRGAQ (SEQ ID NO: 50), LRQLRSPRRTQ

(SEQ ID NO: 51), KTRKISQSAQT (SEQ ID NO: 52), NI<RRATLPIHPG

(SEQ ID NO: 53), SYTRFSLARQV (SEQ ID NO: 54), NSRRPSRATWL

(S€£Q IDrNOn &b NKRRE §7{R}&Lk§'€(§%@ “R)M@atég %’f 9 h&/R-B EBEY]Nhat reduces
(SEQ ID NO: 58), QKKRVSMILQS (SEQ ID NO: 59), and
RERIRIISA REAAY( SRO IHINET 60Yho BI(he methvd of biafmetiwhdrEipthet
madulator of a PKC-0 protein reduces the kinase activity of the PKC-0

protein, or the functional fi-agment thereof, by at least two- fold. 24. The

method of claim 1, wherein the PKC- protein, or the functional fragment
thgreof,js | . - i erel Lis .

catooted Tom e oAb ctng ot & e FIRS S e
Therensthdit bilatract3] fursher aoimprisirfglasBESSif g thieiefficaby tintiteonal

t%’c’&tgmem thereof.

30. The method of claim 27, wherein the PKC-6 protein is a full-length PKC-6

protein.

31. The method of claim 27, wherein the PKC-0 protein is a functional variant of a

full-length PKC-8 protein.

32. The method of claim 27, wherein the functional fragment is a PKC-0 kinase
domain.
33. The method of claim 27, wherein the determining step comprises comparing the

kinase activity of the test agent relative to the absence of the test agent.

34, The method of claim 27, wherein the modulator of a PKC-0 protein is useful for

treating asthma.
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agent identified in step (b) in an in vitro or in vivo asthma model, wherein a
test agent that shows an increased efficacy in the in vitro or in vivo

asthma model as compared to a control agent is identified as being useful

for treating asthma. 27. A method for identifying a modulator of a PKC-0
protein, comprising: -85 L.LOYD WISE: (a) contacting a cell expressing @i
PKC-8 protein, or a functional fragment thereof, with a test agent, wherein

the PKC:Q protein, or fra tthereof is obtained from a.prokaryotic cell,
(o) B e A R it o st
thectPKEOI pedteirstar theifuarctionatdragmentthsieod, imtke cell, wherein

a Cha}”%ﬂ@r@ﬂ? aafété%%ggﬁp ARLANRL a%f itibc?egg 'gfﬁé%e'ﬂi retzt}zevi 0 Qr in vivo
functional fragment théreof, In the presence of the test agent Is mcﬁca?lve
ofsthma dutded rsofarPRCI0 proteiiyo 8g ditiasrsthidtiedfas hiim @ B eitlefwitreating
themedulator of a PKC-O protein that reduces the kinase activity is an
inhibitor of the PKC-0 protein, or the functional fragment thereof. 29. The
method of claim 27, wherein the modulator of a PKC-0 protein that

ingreasas, g dinase ity io AAGIVAILA D RGO Iolgly o the

functional fragment thereof. 30. The method of claim 27, wherein the

PKC-0 protein is a full-length PKC-0 protein. 31. The method of claim 27,
vhereinthe RKGsH Hrefein scafuRatAnAL yasiant of a tullengthyPKC-0

protein. 32. The method of claim 27, wherein the functional fragment is a
PKC-0 kinase domain. 33. The method of claim 27, wherein the

defermining SEeREUNBIARSS260MRAURATRS  KRRSSAC VI & H1&HESk -0 protein,

agent relative to the absence of the test agent. 34. The method of claim
27, Wh8resh enal seiritb e PREIOSsrowirmising efiflfmsidesadnFEQ ID NO:1

aglherad 188 the group consisting of the serine residue at position 695, the serine

residue at position 685, the threonine residue at position 538, and the threonine residue

at position 5306.

39. The method of claim 38, wherein the autophosphorylation occurs on the

threonine residues at position 538 of SEQ ID NO:1.

40. Use of an agent that reduces the kinase activity of a PKC-0 protein, or a
functional fragment thereof, or reduces the production of a functional PKC-8 protein,
wherein the PKC-0 protein, or fragment thereof, is obtained from a prokaryotic cell, in
the manufacture of a medicament for treating asthma, wherein the medicament is

administered to a mammal suffering from asthma or suffering from an asthma symptom.

41. The use of claim 40, wherein the medicament is administered in a

pharmaceutically-acceptable carrier.

42. The use of claim 41, wherein the carrier is in the form of an aerosol.
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LLOYD WISE 35. The method of claim 34, further comprising assessing

the efficacy of the test agent identified in step (b) in an in vitro or in vivo
asthma model, wherein a test agent that shows an increased efficacy in

the in vitro or in vivo asthma model as compared to a control agent is

identified as being useful for treating asthma. 36. The method of clairh@7) WISE
wherein the cell is a prokaryotic cell. 37. The method of claim 36, wherein

the prokagyotic cell,is L. coli. 38. The method of claim 27, wherein the

tophon o R TR TR P et selcted
thienadh cogouns amartamidoracideresislyewf IBE QaAB Nl geledtadrfionscularly.
the group consisting of the serine residue at position 695, the serine

residue at position 685, the threonine residue at position 538, and the
tHreoninEhesidue citipositiorns36: 88 Mhdirnettrodsofdoiainstd&dvilyareimiation.
the autophosphorylation occurs on the threonine residues at position 538

of SEQ ID NO:4 . 40. Use of an agent that reduces the kinase activity of a
PRC-9 pritaise of elafunétionhtfeaythenstterdof] ghi-redlived tsthproduction

of a functional PKC-0 protein, wherein the PKC-0 protein, or fragment

thereof, is obtained from a prokaryotic cell, in the manufacture of a
rMédicarhBatfsrafettiny dsthsscinHeraindisemsatiis smedmigistdrainisitdradrug

t feri 0, fering. f a symptom.
P SR A AT N T S
phafieettendal BrickepratiesanigristiniThe oskeiohcthimm] blvhkeeinaing
cauigrisindhg form of an aerosol. -87 LLOYD VVISE 43. The use of

claim 40, wherein the medicament is administered by a route selected

from the group consisting of intravenously, orally, transdermally, and

intfamu : claim [ - ,
isteron b e R e Bl binds 0.
|FEmediEtdnaatiafiagaentieraee of claim 40, wherein the medicament is
co-administered with a drug selected from the group consisting of
(3-adrenergic agents, theophylli ne compounds, cortieosteroids,

ahiticholist¢fres? TS teimiriessisaloantitedirislaoticdes b ibody.

49. The use of claim 47, wherein the antibody is a monoclonal antibody.

50. The use of claim 40, wherein the agent is a nucleic acid molecule.

51. The use of claim 50, wherein the nucleic acid molecule is a ribonucleic acid
molecule.

52. The use of claim 51, wherein the ribonucleic acid molecule comprises a

nucleotide sequence that is complementary to a portion of the nucleotide sequence set
forth in SEQ ID NO: 3.

53. The use of claim 40, wherein the kinase activity is the autophosphorylation

PKC-0 protein, or the functional fragment thereof.
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cromolyn sodium. 47. The use of claim 40, wherein the agent is an

antibody that specifically binds to a PKC-0 protein or a fragment thereof.

48. The use ofclaim 47, wherein the antibody is a polyclonal antibody. 49,

The use of claim 47, wherein the antibody is a monoclonal antibody. 50.

The use of claim 40, wherein the agent is a nucleic acid molecule, 51 gD WISE
use of cl aim 50, wherein the nucleic acid molecule is a ribonucleic acid

ngﬂlecm%hg%sérgﬁ & el nérgflﬁ her |n th%rﬁtr;%i]a %%IC %dgg%egé)frotem or

comprises a hucleo ide séquence fitary %o
titim rfunh@msnndéquuamhese@f,fonmm 8&(@ I NOa8d 5&idineaf$H0f BHaND: 1

e s A e R SR OREARERRu e 508 R e

or the functional fr ent th ere US€ of claim
%SWh@ﬁéIPﬂméoaLﬁﬁﬁhbsﬁhmmmrﬁ@ﬂmmtﬁ)p ot8irandrtthéhreonine residuc
fgoﬁgg% fg%%ment thereof occurs on an amino acid residue of SEQ ID

1 selected from the group consisting of the serine residue at position
695, the serine residue at position 685, the threonine residue at position

55%8 anqt@%g ﬁ 1% rﬁ%lg}ﬁgren ?1?%5 Itlgcgg 395 11505r l-g 18nu§ tloefu (?:) Gg g ‘otein, or

wherein the autop osphorylation o pro e|n or

fthgrvetitheldofgocot tbeoerthe dhreoniribergsiduescatpidsitiont 538 10fiSBQ of SEQ
I 314 56. The use of claim 40, wherein the kinase activity is the
phosphorylation of a PKC-0 substrate. 57. The use of claim 56, wherein

the PKC-0 substrate comprises an R-X-X-S motif or an R-X-X-T motif,

whereinR ds, argining n Xiis WH%‘P&R%%%H%@Q&{&%{S Whﬁére.%&%%ﬁ ﬂoo%a

is serine, and T Is threonine. 58. The use of claim

sﬂﬁﬁr@@hﬁm amino acid sequence selected from the group consisting

of KKRFSFICKSFK (SEQ ID NO: 5), FARKGSLRQKN (SEQ ID NO: 6),
FARKGSLRQ (SEQ ID NO: 15), ICICRFSFICKSFK (SEQ ID NO: 16),
QRRPSORSKevf (SHEQ 1D Wikrdin)the PKC-0 substrate comprises an R-X-X-S motif

or an R-X-X-T motif, wherein R is arginine, X is either an unknown or any known

amino acid, S is serine, and T is threonine,

58. The use of claim 56, wherein the PKC-0 substrate has an amino acid sequence
selected from the group consisting of KKRFSFKKSFK (SEQ ID NO: 5),
FARKGSLRQKN (SEQ ID NO: 6), FARKGSLRQ (SEQ ID NO: 15),
KKRFSFKKSFK (SEQ ID NO: 16), QKRPSQRSKYL (SEQ ID NO: 17),
KIQASFRGHMA (SEQ ID NO: 18), LSRTLSVAAKK (SEQ ID NO: 19),
AKIQASFRGHM (SEQ ID NO: 20), VAKRESRGLKS (SEQ ID NO: 21),
KAFRDTFRLLL (SEQ ID NO: 22), PKRPGSVHRTP (SEQ ID NO: 23),
ATFKKTFKHLL (SEQ ID NO: 24), SPLRHSFQKQQ (SEQ ID NO: 25),
KFRTPSFLKKS (SEQ ID NO: 26), IYRASYYRKGG (SEQ ID NO: 27),
KTRRLSAFQQG (SEQ ID NO: 28), RGRSRSAPPNL (SEQ ID NO: 29),
MYRRSYVFQT (SEQ ID NO: 30), QAWSKTTPRRI (SEQ ID NO: 31),
RGFLRSASLGR (SEQ ID NO: 32), ETKKQSFKQTG (SEQ ID NO: 33),
DIKRLTPRFTL (SEQ ID NO: 34), APKRGSILSKP (SEQ ID NO: 35),
MYHNSSQKRH (SEQ ID NO: 36), MRRSKSPADSA (SEQ ID NO: 37),

TRSKGTLRYMS (SEQ ID NO: 38), LMRRNSVTPLA (SEQ ID NO: 39),
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KIQASFRGHMA (SEQ ID NO: 18), LSRTLSVAAKK (SEQ ID NO: 19),
AKIQASFRGHM (SEQ ID NO: 20), VAKRESRGLKS (SEQ ID NO: 21),
KAFRDTFRLLL (SEQ ID NO: 22). PKRPGSVHRTP (SEQ ID NO: 23),
ATFKKTFKHLL (SEQ ID NO: 24), SPLR11SFQICQQ (SEQ ID NO: 285D WISE
ICFRTPSFLKICS (SEQ ID NO: 26), IYRASYYRKGG (SEQ ID NO: 27),
KTRBLSAFQ G (SEQ ID NO; 28), RGRSRSAPPNL (SEQ ID NO: 29),
RREOADY (SERTE NG 48 MR WRATPRN TER G RO
RGERRSASUGR (SELXD)ND 432K BFKKQSEHQTGEHEEQ WHNQ) 33),

T S TSR,
VRBHGTLRYKS (SEQIDND :@%ﬁxmamw_’ (PE(SEND:NO), 39)):
KRR CHN PR SERAGS (LIS Gl NG 8 s
(SEQHIGENRGAS), (HHRRTSDAGGG KSEQ IDINCEGHY EALIG KRV IFIYRW
S BN P OUS RT A EAR B G b T ERESIRRLS
@E@WBW@Q)(SRQ\VD v SLWKRE’Q@N@L SBEQRINBRSFIRRTQ
N0 €55 8 T ARV RED b MO ) NURAPSTATWL
(FEQRIDINGL5) ( SHRRR GOVFILR1(S R QR NOR EAA CRRRIPSRDVAL).

(SEQ ID NO: 58), QKKRVSMILQS (SEQ ID NO: 59), and
RLRRLTAREAA (SEQ ID NO: 60). -90
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