WO 2008/132494PCT/G132008/001548 TRUNCATED VARIANT OF THE MAMMALIAN TARGET
FOR RAPAMYCIN (mTOR) PROTEIN Field of the Invention 5The present invention relates to a
truncated variant of the mammalian target for raparnycin (MTOR) protein. Background of the Invention
The mammali@resgesf rapamycin (nTOR) is a serineklu-eortine Icinast W HHERSNgs to a
large family of PI3K-related Idnases WhICh also mcludes DNA dependent proteln kinase, ATM and
ATR. Biochemical and gen8iRYENQISERIR Hams o e (YER M T

energy, and nutrient ava|la ;r.-... ; mmﬁ@le for cell growth, size,
and cell cycle progression. The regutation of mTOR Idnase activity in response to various extracellular
cues has been 15extensively studied in the last decade. A whole range of cellular proteins with various
enzymatic activities, scaffold and adaptor fynetions hauebeen implicated in signaling to and regulating
the activity of mTOR, including protein Ildnases PKB/Alct and AMP tumor SLé%g{essoFf PTEN and
tuberous’sclerosis %EFSW?‘@@:WEWS pEsTp %‘iﬁ%ﬁg gao ein * SEAHOidnG Protemns Raptor and
Rictor. In an agtivaies sieteyRy HRiZ0 transduces signaling and metabolic information by
phosphorylating major downstream targets, such as S6Ks, 4E-BPI and PKB/Akt. Studies from various
laboratories indicated that mTOR exists in two functlonally dlstlnct complexes, termed mTOR complex
1 (mTORC1) and rnTORC2. The mTOR£: ke 8 _BRengiponents mTOR, raptor, and
MLST8/GI3L, and is,gensite io y&ﬂ?a{ &l 98@%1%@@9&!@/%&%@ rapanyeiRdnsensitive

and contains mTOR, Rictor, and mLSTS/G dﬁx mycin and its analo B%%JGS are currentl evaluated
I

as anticihceralenss ia g SR @fﬁﬂé&‘i’fﬁ%ﬂ%" BRIERSH RS e 080 ¥ S coating
steins to red%%t@&%ﬁi@&tlmm%@ma‘rga@%@@fﬁmrmr@@ma%m@mmmﬁmﬁehﬂs which have
two TOR genes, mammals poss one ene, known to gde asing I%Dr %ug% 30WIth
molecular Weiﬁrlﬁ b WF@%?T%?@I@E@ aughgnenr%dr?l downs Féiém arget oFmTOR is S6K.
56 Icinase (pBQ)@@ﬂnﬂasgcépa@%ﬁs)pdssuemnsdﬁlgﬂ@wﬁﬁsmmgp&eﬂllandn plothesstsosorhal S6
proten, Whch s COMBOERLL 16 405 S RURAVARIGUORSEITES . o, llar machinery

responsible for%uans ation’o tein synthesis). It is also believed to be the WO

2008/1324949@%@5@@@81@@154@&%}&%% diovhes BogaRAsel i RIIRERATIEIRBoud, 1996
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regulate 56 leinase agliyity haveoeen identiicd Inclisivg (aPamycinWhis adhg ot potent inhibitor
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20 transduces signaling and metabolic information by phosphorylating major downstream
targets, such as S6Ks, 4E-BP1 and PKB/Akt. Studies from various laboratories
indicated that mTOR exists in two functionally distinct complexes, termed mTOR
complex 1 (mTORC1) and mTORC2. The mTORCI contains the core components
mTOR. raptor, and mLST8/GPL, and is sensitive to rapamycin. The mTORCZ is
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believed to be rapamycin insensitive and contains mTOR, Rictor, and mILSTS/GBL.
Rapamycin and its analogues are currently evaluated as anticancer drugs in a number of
clinical trials. In addition, they are now widely used for coating stents to reduce post-
stenting restenosis after coronary angioplasty. In contrast to yeasts, which have two
TOR genes, mammals possess only one gene, known to encode a single polypeptide
30 with molecular weight of approximately 280 kDa.

One important downstream target of mTOR is S6K. S6 kinase (p70 56 kinase
(p705%%)) is responsible for S6 phosphorylation of the ribosomal 56 protein, which is a
component of the 408 subunit of eukaryotic ribosomes (i.e., the cellular machinery

responsible for translation of mRINA and protein synthesis). It is also believed to be the



S6 kinase (Pullen et at, 1997 FEBS Letters 410:78-82). The structure of and some functions of 56
Icinase alpha and 56 kinase beta are disclosed in U.S. Patent 6,830,909, 10herein incorporated by
reference in itgentevtpz494 56 Icinase has been shown to be both phosphaylatasaedassatylated. It
was found that S6 kinase protein is acetylated both in vivo and in vitro by p300 and P/CAF
acetyltransferases. More accurate to say that in conditions under which S6K acetylation is increased

(i.e., presence SR SHMSIEHFEaraspi LasBlAeehs S5k Tauntyiarpam Sci.
phosphorylation ane redssedniaistignaitabiroteRisly sinesoftichase deetytadesbiit pBOO in vitro) to

glutamine, which mimigs acetylation, results in the complete inactivation of S6Ks and | of 412
phosphorylatior?.ugéw”fgaé% é‘?‘gﬁ‘h E@géé) %Jéeelﬁ § g’vc\}/#)l%) gas%éégégsg?pﬁgﬁ%%%r%ﬁﬁ%ﬁg}%rding motif
Thus, S6 Icinasg@ginieivehindetoPMinand s teveby=aotivatdduwhiehulutprolstrmidates its kinase
20actviy. Therelore, SEERIaIoudLIe iR1e0ues ciuiheptomatina alisals nsspgase (o mitogens

and nutrients. This may involve the regu of transc actors and/or chromatin remodeling
proteins by phosiiaeepiatidassiviiaH. SEIRE eurnpléxde 8 (ith 'DNBerRtr dragtitcamamis fhitensetion.

Regulation of 5&%3&@ QE%E‘ié&ﬁﬁﬂ¥d§ﬁé¥ﬁ§iﬁé@@£&ﬂ%@ﬂ%ﬁﬁ%@§%@%ﬁ&i@&%@t 20011019421,
incorporated herein by reference in 25its entirety. urgg(}a,}rymb The present djsclosure relates to a
nﬁ?‘@ﬁ a’ (i

newly discoveré&d §pice rfepehetoR? Lale R strupfuefcpud BUBE there is

provided an isofaiedsRsTéd Bdiatakalipaptideswhickspbospheiales-a6K L anbiaed B, BR|Kelected from

the group consistin of:(é%an i% Iatee% ol .ep%ide €o rising the amino acid sequence of SEQ ID

NO: 2: (b)]‘gn iSO é%ﬁ %lnlgnér‘? &0 acid sequence having at least 75% sequence

identity over the entiresédatigadias beminbaridségheticpholBEQ NG 2 aryt:(z). ah solated '

polypeptide comprising.t mine.ac -10.NO:. aspect,
rf(‘g%éﬁ %%} ag (@’g%% ﬁ&&%ﬁ%‘éﬁiﬁ&@?ﬁg?nﬁtﬁ%sa'EQAR!N 91{;i p3 092 $EQRd

there is provide ate ucleotide s e group consisting of: (a) a polynucleotide

encoding a mTORBEielgsssptiderascaefifety spv et (b)camsblip dedtidshédnilsitgineintcleotide

sequence of SEQDNEY g%,tﬁ%&%m?@smhﬁmﬁ{b@bmwa@e@ﬁg@@m@'sﬂnﬁ@ nucleic acid
sequence having at least 80% sequence jdentity over the entire contiguous sequence of SEQ ID NO: |

and encodig 2RO DRORSAPIEEEABEphETISESs SBIataRhbEE 2op Histitaf % eSolated
nucleic acid malecateryibiahbniyidizesiiahe glucleotid exdtuenaicobSEQMHONNCGsultomt ke
complement thereof under cqndition ich employ.Q.1 X.SSC at 68C, e [ TOR beta protein
which phospho?ﬁfg?é@steslgﬁréar’%%? féggﬁ’ }ﬁhl %k?ér%%h@?n%%%%pr%%%En%c@e%aci-l}%gyc
expression.  altn bethnihaspéchdabresecisapraided aSétdrebngprising dipohFutleside as defined

above. I a.fouthaspectniiare s Riauded 2Hnst el eampHRnG RRRsRIGR.aS defined above,

a polynucleotide as defined above or a vector ‘as defined above. In a fifth aspect, there is provided

an isolate®antitsiith A spefere SR Bivdhavediie pesstive &9 wlrrEuebBasfects iR EHMaspect,
there is provided aiRaethed 9nREeUEINTha ROl RERTIde mempiisingnCstwsiRg B hostaalas defined
above under conditions in which a pcg)lypeptide as de ine};i above or a_pol tide encoded by a
polynucleotide @S HHEIGHBVERC e PR RLUERS bY RRCSRAKE TP RsSRER %ﬁgﬁacﬁ%ﬂ&[ﬂ%ﬂeﬁl method of
screening for ansigenidthadonaaedaie shin T Rhelma ®ivity a tompf Birigithes fpftosning stépsi@)
contacting a polypeRide as,defingd aboye b adaskagssl: and brdelacliog apyshaneepthe
activity of said polypeptide, wherein a change in"activity is irdicative or an agent'capable of modulating
mTORbet$ actigtyntiretyln an eighth aspect, there is provided a method of screening for an agent that
modulates mTORDbeta expression and/or activity, comprising the following steps: (a) providing a host
cell as defined above that comprises or expresses a polypeptide as defined above or a polypeptide
encoded by a polynucleotide as defined above; (b) contacting said host cell with a test agent; and (c)
detecting any change in the expression and/or activity of said polypeptide, wherein a change in
expression and/or activity is indicative of an agent capable of modulating mTORDbeta expression
and/or activity. In a ninth aspect, there is provided the use of an effective amount of an agent in
the manufacture of a medicament for the treatment of a disease associated with aberrant expression
of a polypeptide as defined above, wherein said agent alters the activity and/or expression of said
polypeptide. In particular, the disclosure provides an isolated polypeptide which phosphorylates
56K] and/or 4E-BPI selected from the group consisting of: (a) an isolated polypeptide comprising the
amino acid sequence of SEQ ID NO: 2; (b) an isolated polypeptide comprising an amino acid
sequence having at least 75% sequence identity with the amino acid sequence of SEQ ID NO: 2; and



(c)an isolated polypeptide comprising the amino acid sequence encoded by SEQ ID NO: 1. The
disclosure also provides: An isolated polynucleotide selected from the group consisting of: (a) a
polynucleotide encoding a polypeptide of the disclosure; (b) a polynucleotide comprising the
nucleotide sequence of SEQ ID NO: 1 or the complement thereof; (c) a polynucleotide comprising a
nucleic acid sequence having at least 80% sequence identity over the entire contiguous sequence of
SEQ ID NO : 1 and encoding a protein that phdsknayiates 56K1 and/or 4E-BPI; and (d) an isolated
nucleic acid molece whish Bideridizesdnihe HUGIeRNE sRIRRCS BESER R NPoRoLthe complement
thereof under conditions which employ 0.1x SSC at 68C and encoding a protein which phosphorylates
S6K t and/&ﬁ%@fﬁ&%@%@comprising a polynucleotide of the disclosure. A host cell
comprising a polyelide ok he:dissles.isepa palinusleqfideotifie disglpsies, o aneciargf the
disclosure. An isplated antibady that specifically binds to a polypeptide of thedisclosure. A method for
producing & lﬂ)%ﬁ%%“ﬁffﬁ%s c%&%?ri%oéuﬁﬁfﬁﬁfa%W%If@ﬁh@ﬂi%%%@%ﬁ%@ﬁdmn@in which a
polypeptideelhe distiesute:oranpeiyipgptidesgncodedibyapalynycieptiverofite disgigsyte is
expressed.iSO at Q\ rrcl)?_thé)d.gf screening for an agent that modulates mTORbeta 9ctivity, comprising the
following steps. (a)Contatting & oIyt BF 1 HLR5SHFESRit 418 <t ARttt AHSas)eBrscting any
change in thierggivityeotisaidiolyperitideywhenginaichangede acthty iHindsatve:ef any agent capable

of modulating,mTQRbeta activity. . . method of screening for ent that modulates mTORbeta
expression an@%&%ﬁgﬁﬁ}f‘ﬁ?ﬁﬁs‘?ﬁﬁ‘%ﬁe@f%ﬂ‘dw?naé’ Istse%%l:ert% %}%‘a%?ﬁ%yas &{%gpaécording to claim
5 that comprises & exptesdasraa. potypeptice idtdhe distiosupe ona polypeptidentoset oy a
polynucleo %ﬁ%ﬂ?ﬁg%@%ﬁl@ D) cAnRGHNg %%%Eﬁé%cem”lﬁﬁ‘b%&?% ek and () detecting any
change in the expression and/or activity of said polypep%_ e, wherein ¢ nge IN éxpression and/or
activity is ifGREVE)GF B agelsoEdp aplarssineditatimemTo Risstaexpf $8ibH aNdlot actility. A

method of tgafinenadisrass: assaciRdvita AReLRS SREESSIoNAf aRPYRERNde 0l the disclosure
comprising administration of an effective amount of an
least 80% sequence identity over the entire contiguous sequence of SEQ 1D NO: 1 and

encoding a mTOR beta protein that phosphorylates S6K1 and/or 4E-BP1; and (d) an
isolated nucleic acid molecule which hybridizes to the nucleotide sequence of SEQ 1D
NG: 1 or the complement thereof under conditions which employ 0.1 x SSC at 68°C,
encoding 2 mTOR beta protein which phosphorylates S6K 1 and/or 4E-BP1 and where the
mTOR beta protein induces c-myc expression.

In a third aspect, there is provided a vector comprising a polynucleotide as
defined above.

In a fourth aspect, there is provided a host celi comprising a polypeptide as
defined above, a polynucleotide as defined above or a vector as defined above,

In a fifth aspect, there is provided an isolated antibody that specifically binds to a
polypeptide as defined above,

In a sixth aspect, there is provided a method for producing a polypeptide
comprising culturing a host cell as defined above under conditions in which a polypeptide
as defined above or a polypeptide encoded by a polynucleotide as defined above is

expressed.
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agent to a subject in need thereof, wherein said agent alters the activity and/or expression of said
polypeptide. An agent that alters activity and/or expression of a polypeptide of the disclosure for use
in the treatment of a disease associated with aberrant expression of said polypeptide. Brief Description
of the Drawings Figure 1 shows a Western blot analysis of mMTOR expression in rat tissues using
the C-terminal and FIT anti-inTOR antibodies. Protein extracts (30 pg) of rat tissues were resolved by
SDS-PAGE, transférredeisiPypimémbrangsanttprobedhyiththe Gedpininakm TR pelyclonal
antibodies f, Sj i p nel). The membrane was then stripped and reprobed with
anti-actin ar%u%(lggv?é@}%%r%n&%%ﬁéé}% gsslﬁ%vr:/&sma E?j)ir(f eMh b%elpé‘ihaﬁj@)sié;‘mtﬁ‘ﬁ*@? ®xpression
in human tiSSESPire Blotsiassrhspedvatiu zeirobedniortd-dstiexpiessian dowet pane.

Figure 3 shaws inayua ipitati int Tlep2G. 1-1ek293 and. MCF7 cells with the
C-terminal anti-mTOR gﬁ%ﬁ%ﬁ?gg@ h%ﬁ?i?e%%fgg eﬁ]zg'égiﬁ%éwigﬁ gﬁ%g?a %%%8?38@%
immunopreighateetiith tHO RO A1 nti-m TOR antibodies (Cell Signaling) and immune

complexes probedinaesigm é@b&EHﬂQh%éhi§%~Mzﬁ¥%&“&”ﬁ%ﬂ¥ﬁ%@§e@ﬂﬂ%§?j§s IgSante} 42).
y

. . = . . . A .
Figure 4 shows the ide tion of potential MTOR splice variant in human cell lines R. Figure
iRl

4A shows ag3 SHSTETBERIANaARART OR Hbta RNATF DR e fIBWINEKRDS, and MCF7.
Total RNA wrasipinifiechfroneclHep2iehiikE KR9% anck MGH7cell ines andconvegiegnigdirst strand
DNAs. A S%IG(I)f E&Tq)lgvsepgglgc\}ég)rllmersé/vas used in PCR reactions to search for potential splice
variants. Amplified fragments Werd rBE8f 09 ElettrshRotusisifydds agatelecgetbvhe most
prominent bemdstingreigxeised: fromithegebaadt: sequence:analyzed. Qneset aforimess;(N! and C3)
consistentlgimlg@glﬁ%lgp %p freéxﬂnpgntt1 égom_ three cell lines. Specific fragments of =~
glyceraldehyde3-phosphate e%\? ehsSe (EADPH) L0 R RieiE ikt ahaitséd as loading
and quality ediieiors of irsEsresrd DAL Figdnéd8sndWS the: septiericn aligement g 100 bp PCR
fragments, amplifi i O ific primers. Amplified fragments were sequenced and
angled by Clustall’l\"?/lv(]lazfM hwgi%%%ﬁ%%gi?gr?ﬁg@%%ﬁf&g %rgﬁtﬁg%?'ﬁig‘é‘“b@i%ﬁ%ﬁﬁﬁé potential
splice fusidhSLTARIEAREEEY armadisammigive BE tstomsnthel andismacidssequehcaiohactOaibp PCR
product, arephifies ity alb@@geggd@g@gf%gqg&grimgég Q‘g rrow gtrgql}%a%}%sagg.e. yosition of a
potential splice fusion. The sequences, corresponding to the N-términal region and tHEERIN domain of
MTOR 5ar& HHISINh 8 SEIRAE B BHEWs the domain organization of the full-length mTORa and mTORp

splicing isoform The Ipsatiomef aach damainrdncldingelts aming agid pog&gi}qit{b%ﬁdigdi%%%g. The
localization QQ; Stq?e e &ggﬁ%orragfﬂpp%mg to anti-mTOR antibodies is indicated. Regions mediating
the interaction of KROWN B biHg PRHFErs st theierre a0 e 20 HEAT motifs
(Huntingtif2EF3, o& subuniteflpRpddandiTenief Hc4tamingacidspachrwhishsrednalicated in
protein-prcﬁ%in ing%r%?tz!o]{?ug. I—AFA{;I’ {’L‘E and 19 are sufficient to target mTOR to the ER or Golgi. mTOR
dimerizes via these HEAT rEgione. AT ORI RABA I FRINOCHRINE RATa80MN at
N-terminuSeRARTS HEaiTydoithdlre atGueroninugudine FASRG dpmain wasdfound to be 15 necessary for
MTOR kinase activity and function. FRB (FK_BP12-rapamycin binding) domain is a conserved 11 IcDa

region necessary and sufficient for FKBP12-rapamycin binding KD = kinase domain, believed to be a
PI3K-related domain. RD = regulatory
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domain. Figure 6 shows that mTORP is phosphorylated at a serine residue corresponding 20 to
Ser2448 of the entire mTORa amino acid sequence in response to serum stimulation and
phosphorylates S6K1 and 4E-BPI in in vitro Icinase assay. Figure 6A shows a gel of cells expressing
MTORP upon transfection with pcDNA 3.1 mTORP. HEK.293 cells were transfected with pcDNAS.1 or
pcDNA 3.1 mTORP. One day later, cells were starved for 24 hours and than stimulated with 10% fetal
bovine serum)for lahsyiaga MEINCHARA,; [ s before, s imulglrii Cells were
lysed, resolygdl. l?y SDS-PAGBEélgn irnmunoblog%ﬁ?%gggﬂn%ﬁ%%ﬁ%ﬂ% bgn r% 48 mTOR
antibodies. Figure 6B shows the results of the mTOR in vitro Idnase assay. HEK293 cells were
transfected with pcDRASOSHEDNA BayFERG-mTORp or pcDNA 3.1/FLAG-mTORa. Two days later,
cells were lysed arid: inwiataioprbeipitateidovithasti 3 FbAGRRtRAdY T hgimmune complexes were

used in rnT@R in vitteikinase @ssay.With-HisAE:BRLand His;S6K1C as substrates. Kinase reactions
were resolvg)g by SDS-PA%%B?d immﬁﬁobﬁgt%t;l&)v%ith ph&sgl%gs%seué?ﬁc antibodies to 4E-BP1 p65 and

WO 2008/152494P T RS BIT5E0 T ERE WHk TH 386 P HAe SharetSmm L RIBreRipHatel FLAG-mTORCC
and FLAG-ffrenep iadaiertsured by Western blotting with anti-FLAG. Figure 7 shows the specific
interaction 6mTQRPpolyithcRaptr, dﬁiﬁpﬂsia@daGmgwfI@I@@@%@@L@lg@rﬁd%ﬂgstﬁc@%wig@%
PcDNA3.1-aiQR3-E q% and = D: - r PCDONAS.1- p-ELAG and pRK-Rictor-Myc or
pcDNA3.1-M%IO.R FSCAA;G and Pﬁ%&@!%%%$&%§§]1§g$%%gﬁ?sogﬁ %]ée%s:% s'v&e%%?ﬁﬂﬁ‘ﬂmlﬂ%%cipitated
with anti-FUA egln%&{) OOQP[%%Q Ao bR AitiBddy 2he immune complexes or total cell lysates
from transfééted cal&piBHg)wisie rekbivelddneSDSIPIGE®nG probediniAMesteny ijating with
gnti-HA, anSiERIorNY: antir Gle antipodies %%géamr@nla&f&w&ﬁ!&ﬁ&f%ﬁ%ﬁ&ﬁ%@%ﬁ%ﬂ;gi&'%gNA a1

apamyci - : cells werge transfect ith pc 1, pc .
mTORp, orr]@ﬁgﬁkpgq j% gé%%q%ﬁglg%% ‘i’gt%s ,%_ccg Hsév%%%&étg?gé’&?cﬁ%&?ﬂours and then stimulated
with 10% serum for THSUF RFRASIE Bdletiriamsids of thagissgeimiovere added 30 minutes before
stimulation: Cells vétestysddcooyulvied byrSDS:RAGEfahd dbinunuachlpsechwithothe Gitgrminal mMTOR
antibody, atiicdetineasid défesent plResphespecific antibodies. Figure 9 shows the subcellular

localization of mMTORE ially. growing HEIC293 cells were fractionated using ProteoExstract
Extraction kit (Ca@%&?g%ﬁ% a){g%{dS %?%%Eyv%euﬁgs iflﬁrehH\éYé’BFBbeeitﬁél&eﬁjb?ﬂ%Pﬁactions using
t

anti-mTOR C- 20 DSBS RE FiRrhisetdssiaresi rdsoNedity SDSPAT B frd
immunoblotieelasitts amdanT@R idteriminalantibesiespaati-4ERPLIKIERER, and sulypantibodies were

used as conitaldosCyiaplasienarbrangs andpHdear fragligns, respectively. Figure 10 shows that
overexpression okm;l;lglﬁ(pdb%gcnot mTORah;nduces cell %Iiferation. Helc293 stable cell lines,

over-expressing. mTORP wt, mTO e SR G SBadH Akt $OE e blats i arious
densities (58675688160 HAYPEGEREIIs per well) and grown under standard conditions for 7 days.
Cell numbérs weretivamimgeasusedrindeachhweisby aResasuinhased assay. Normalized growth

curves for gach celidng.wars Galswated wsing, SiX ] ndent experiments (A). Western
blot analysé&gfilg?ggli lI%aill ilﬁ{agg&sagf:%te% ol e c%rlalghtrﬁ?? wgtp%r?tﬂ%?gi%?@%j%y%raﬁdait?’?ﬁﬁar%%cription
targets (B). The leve of proteins was deARROMBtARATK FHBa SR betdipctivity.

A
A method of screening for an agent that modulates mTORbeta expression and/or
activity, comprising the following steps:
(a) providing a host cell according to claim 5 that COMPprises or expresses a a

polypeptide of the disclosure or a polypeptide encoded by a polynucleotide of the
disclosure;

(b} contacting said host cell with a test agent; and
(c) detecting any change in the expression and/or activity of said polypeptide,

wherein a change in expression and/or activity is indicative of an agent capable of
modulating mTORbeta expression and/or activity.
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normalized and folds were calculated against EGFP expressing stable cell line (C). Figure 11
shows that mTORp Idnase activity is required for the induction of proliferation. 1-1E1{293 stable cell
lines, overexpressing mTORf3 wt, mTORp kinase- WO 2008/132494PCT/G82008/001548 dead or
EGFP were seeded into 96 well plate at various densities (1000, 2000, 4000 and 8000 cells per well)
and grown under standard conditions for 5 days. Cell numbers were then measured in each well by
Resazurin based assay..Normali rowth curves for each cell line were calculated using data from
six independent e‘?ﬁ_ e%}réﬁ%%snaz) .Eg%\l%gteamdlﬁg%sgng ﬁggag?(%ofgi%eﬁkfﬁggfgs BFEEsH cel Ihes with
antibodies tBOi}ﬁﬁpg%Hfitg}ﬁ SIPPtir eappEs RéMdietiefiprotding wiiscdensitometrietly measured,
actin normaliged andsfaisuiereabinuletechagainstEGRB-expresaing stolle.salbing (B), Figure 12
shows that gf'gaqggojgp%@iigg! for G1 progression of the cell cycle. HEK293 cells stably overexpressing
mTORP, mTORa or EGFP were pulse labeled 10 with BrdU for 30 minutes and chased every 2 hours
for 24 hours. The iNBGYGdliShadrErati Wisakasaret W mACS prialysisdDufatiodiefiGhus and G2
phases of cil oyeleinbservediaraach aelilingis presented \QH}Q@QH&%D@%):FQSBQH of Flgyre 13
shows that Rye! prgssion of mMTORP protects cells from starvation-induced cell death (A). mTORp
kinase activity'is required for mediating pro-survival 15 effect (B). Helc293 stable cell lines,
overexpressing inTORP wt, mTORcc wt, mTORP kinase dead or EGFP were serum starved for 60
hours. Cell survival was assessed byt ibevpan:Blug dvaexglysion assay. Data are means SE of 5
experiments. * P 5 Figure.14 shows that INTORP overexpression leads to increase in cell
oncogenic 2é) pot\éﬁl%laie.: FI} %@i%%éﬁ|‘§%%ﬁé %fiog\?g?&ﬁ?e%s%% In ?fﬁ’%)sfﬂ?@ﬁﬁtéi‘g@@wtpﬂv\’/%re plated in
a thin layer'8f AG5r388h ¥iltdrd A0 R ibacies s Prolomiestvete Sine olsing B4FTES(A).
Colonies wereccounted UsisdQuatity QnerSefnare éRioiRadhapg dolds were. plotied,(By. Data are

means SEof4expermentsvaibn e Q- 0L, 2pBrief Description of the Sequence Listing SEQ
ID NO: 1 is the E%)Iynucle(?'[id}écsé}qué%%%ogjﬁégaﬁ}ggglg%1 naa?ﬁl %(?%rtﬁ@fﬁ%plﬁ?f%‘ﬂﬁﬁﬁaﬁﬁd SEQ ID

NO: 2 is th& &MiE8 SERPSe G0e Aer drathe HuAvdirrRiMERibediepfitaier. pancl). SEQ ID NO: 3 is the
polynucleotide sefjigance ehoosingthentiull-tengindnanast %@mﬁ@%@é?&?&%ﬁﬁjﬂﬁ{‘gs\?&g IDNO: 41is
the amino a¢jdiseauencs; !EH'E} TOR.alpha protein. S D Nos 5 to 8 are the primers used
in Example 4. WQ, 2008/ %Qggwc%%’g]%g%@oa&’@f%p‘"essmn ioter panel).

I'igure 3 shows immunoprecipitation of mTORS from Hep2G, Hek293 and MCF7

cells with the C-terminal anti-mTOR antibodies. The lysates of Hep2G, Hek293 and

MCF7 cells were immunoprecipitated with the C-terminal anti-mTOR antibodies (Cell
Signaling) and immune complexes probed in Western blotting with the N-terminal anti-
mTOR antibodies

(Santa Cruz).

Figure 4 shows the identification of potential mTOR splice variant in human cell
lines by PCR. Figure 4A shows agarose gels for the total RNA and mTOR beta RNA
from Hep2G, HEK293, and MCF7. Total RNA was purified from Hep2G, HEK293 and
MCF7 cell lines and converted into first strand DNAs. A set of mTOR specific primers
was used in PCR reactions to search for potential splice variants. Amplified fragments
were resolved by electrophoresis in 2% agarose gel. The most prominent bands were
excised from the gel and sequence analyzed. One set of primers (N1 and C3) consistently
amplified a 100 bp fragment from three cell lines. Specific fragments of giyceraldehyde-
3-phosphate dehydrogenase (GADPH) and B-actin were amplified and used as loading
and quality controls of first strand DNA. Figure 4B shows the sequence alignment of 100
bp PCR fragments, amplified with N1 and C3 mTOR specific primers.  Amplified
fragments were sequenced and aligned by Clustal W

4



SEQ ID NO: 9 is an amplified fragment produced by PCR from human IVICE7, Keh293 and HEP2G
cell lines and SEQ ID NO: 10 is the amino acid sequence encoded by SEQ ID NO: 9. Detailed
Description of the Invention The present invention is based on the identification and
characterizatighz6if#a ##d%¢ splice form of the mammalian target for rapamyR4T(FFFORIMFetein. This is
the first time that the existence of a new splice form (termed herein after mTOR beta or mTORp) of
mTOR has been shown. The present invention is based on.assays. far.the 1 OR protein and
studies of its PV I%ﬁﬁ%&&ﬂ" GtBFRRTER ) ﬁPlrlﬁerg’ﬁ%le Saulls,&égst%%éog %‘s%?r?%f E{?éﬁryr;‘inal amino
acids 1 to 23 angiheGulerminahamisguanids 1 860002528 pfafectarahdiprohaihTOR thereinafter

mTORa), which produces a fusion protein 706 anfi ids e length (SEQ D NEL 2kida the fusion
protein, the régl Vﬂ%‘%@%ﬁ?%&%ﬁ%%? {aége%gsst.é?ﬁ%gs alscé been st%%ﬁ th;ti@ NA

transcripts comgspandingsiednTORRiapshighl-txpraskegitnedriigid Ve Aria RidALY Siver, blood,
small, and IaTr%e intgsiilggdhave the highest protein level of mMTORp. Furthermore, similarly to the

fuII-Iengtﬁ mTORE, fhe splice form is also capable to assqciate with sybs -presenti olecules
Raptor, Rictor, and @igumT GRPENM WWW%%@R%@#%&%%@% ddition, it

was shown th%ﬁg&%&é&a{?h?ﬁgwéﬂ@?&fé&&a%mm@im@mmmmmg 1o SEr448 (S2448) of

the entire mT amino acid sequence (Ser605 of mMTORP) in response imulation.
PhosphoryIatimdieitﬁﬂ@mﬁ%ah@é‘ﬁﬁé’ﬁ'éﬁ&%%ﬁé’gﬁgﬁ%‘f 8’?&%&5{1%%9 tea(ré%g%%%il;qe@ m%rORcc amino

acid sequence, g sensitive, i RapamysinhAlsesicwascshoantiel GR&ndbrapares i TORa, MTORP

25is less sensitive to Rapamycin. se in,.the tepms MTOR, beta ' im EQRPTsefers to the
splice-fotth ofRIREEof BRERGIEY ﬂﬁ%@@ﬁtéﬁ%&%ﬁ%’ that the polypeptide of SEQ ID NO: 2 is a

naturally occugting. i mandRTaR: betavhivly peptivsicTisb protiriismEiy HEw5_PH6 amino acids in
length and is by a nucleic.ac) l b BRATeXENately. 30TZIR Linkeleatides in length.
As used here%ﬁﬁﬁg#‘?ﬂ&%ﬁ%ﬁ%ﬁkﬁgﬁ%ﬁ%ﬂgg to full-| g,gtllp %ﬂrﬁ‘“ﬁ%&@g% {or rapamycin
(MTOR) protethe®diRkEmgienthd Hindamam OR Q*W% e i$'thoughtto be a protein
approximatelygé%}_,glgﬁgng&aﬁdg inslength£S EQ  RNRi4) aha R O dghtato esdheodéalisy a

nucleotide of ID NO: 3. WO 2008/132494PCT/GB20 OrA&Polvpentidesnitagpresent
invention! provieesrmOR Beta hoRgeptidady and%"’}%‘%’ep ide"is usgd hag)rein inits brogllest sense

to refer to a coyppQUNd StiNeQEaTOreBrbitaratnss ayidsy antliveatfardHaRiys -Hramern

peptidornimetics. The term "polypeptide:’ thus i &3 shetkpentide seausnaes andalslenger
polypeptides éﬁﬂdﬂi‘%te{?@.ﬂ }ﬂéeeog Igraé?h,b te}%q(g#r? "amino acid" refers to either natural and/or

unnatural or syatheliic amino acids, including glycine and both the D or L optical isomers, and amino
acid analogs and peptidomimetics. 10ThepolyReptides.ofithaiRiesenioventioneare prefdiably

provided in isolated %%Sl%gg e%el{l;r:ﬁ,9 a pb;/(_)tein _isﬁig)a%d to be isolated when hs/sicall tmgchanical,
or chemiogl metiRuzateoé thployed mT@mb@@maﬁ%FéﬁPﬁﬁﬁlﬁéﬁ?ﬁﬁp%WﬁFﬁ?gh {RLF TS normally

associated with tge ro e&p.ﬁ%@&g{ altisap. .62 [£adily-eepiny stendaribprydicafion sreghbds to
obtain an isolaf8 %ro%gm. Bfhe present invention includes mTOR bet ﬁ(])%@i%;%%%ﬁgides. An
io

MTOR beta polypeltidepmmssongling ¥R fheo EAFSHHSY BE #HHhtiNaly B Bta
polypeptide, or may be a varant, derative of fasment theres s desaapedehereiin weare
starved for 24 hours and than stimulated with 10% fetal bovine serum for 1 hour.

25  Rapamycin (10nM) was added 30 minutes before stimulation. Cells were lysed,
resolved by SDS-PAGE and immunobloted with the C-terminal anti-mTOR and pS2448
mTOR antibodies. Figure 6B shows the results of the mTOR in vitro kinase assay.
HEK?293 cells were transfected with pcDNA3.1, peDNA 3.1/FLAG-mTORS or pcDNA
3 1/FLAG-mTORa. Two days later, celis were lysed and immunoprecipitated with anti-

30 FLAG antibody. The immune complexes were used in mTOR in vitro kinase assay

with His-4E-BP1 and His-S6K1C as substrates. Kinase reactions were resolved by
SDS-PAGE and immunoblotied with phosphospecific antibodies to 4E-BP1 p65 and



one embodiment of the invention, an mMTOR beta polypeptide consists of, consists essentially of or
comprises the amino acid sequence of SEQ ID NO: 2. In one 20 embodiment of the invention, an
MTOR beta polypeptide is a splice fusion between N-terminal amino acids 1 to 23 and the C-temiinal
amino acidsM86TI 3840 of mTORa, such as those amino acids in the FFORE2PEYERtide of SEQ ID
NO: 4. In another embodiment of the invention, the mTOR beta polypeptide consists of, consists

essentially of or comprises a sequence having at.least.Z5%-or ast 950 seqliencesoidentity with
the amino aciﬁ@éhﬁg%ewgﬁ%l Fé\]ﬁ@uﬁogﬁ%(f lﬁﬁgieéh%lgﬁa}té% 6%&%?%%%458%. i A
polypeptide ofibasinmentiovesiay brengodddanyi-& palinucleotide of the invention as described herein,

such as by the nuclegtide sequence of SEQ LD NO.. 1 or-by-a palynucleatide gomprising SEQ 1D NO:
1. A polypeptide of tﬁégfﬁg‘éﬁ%gﬁy f’ﬁ% BEA0%encoe eﬁé%flfa &?ﬁyr%ucleotid%khévin af least 80% or at

least 95% sequenceridemiyaiente entifeccahtighoudtequensE Gk BERAD MOPRFor by a
polynucleotide_that hybridize t leotide of SEC) i Aundersonditionsrgagemploy
0.1x SSC’at 68897 8?%0 é’eg] 'zf%%%bgggjqf%o%%%c e%lt\é%%éf W%Pbse capable of phgsphorylating
56K1 and/or 48-BBLnWERROOBI 32404 RETHEBROTBIGA 648 werd hemTQrReGpiise ypEptide may
be a naturally occurring mTOR beta polypeptide iant, dervative.or fragment thergef. The
naturally occu?ﬂﬂi}g%ﬁ‘%%? Yp%)?ﬁ%%ﬁpe&rﬁg?/cg{ecagﬁ%@%é@eta polylpecptidge that is naturally
expressed in agy spesietppreferdbiyed minifaliahvspecies!vEd by EnMiph, Gl andpre itstirally
occurring 5 mTOR beta polypeptide may be amammaljan | beta:polypeptide from a human, a
non-human pr%?f f%ﬁ%%%%%’(gg}g.arﬁg%ma%s%])%%r’rg%ﬁﬁ ;@ f-ﬁ{ggé, or 5 livestock animal (e.g. a goat,
sheep, pig or cow). THeuRTORbettpalyPeRfide ImaydsitarabRenmouse, rtopueines Bovine, ovine,
equine, human or non-h rimate mTORP polypeptide. Pref r&%q e MlaRdeta polypeptide is
a human deﬁT%&psg?@gﬂo&& I%E)Rfrei?;{rea%%%?é,‘%ﬁﬁ ggrf%%gﬁkgb% sequ%]nce of a h%fnan mTOR beta
polypeptide isgivansin $EQHRN AR Jydpalyrisisotidssecl nce! dnooting RAUFHERIHTOR beta
polypeptide is given in SEQ | : 1. Ap mTOR bet eptide accarding.La fagnyention may be
any such natu?’?’a‘f@ %%%’ %?I\ﬁ?{o%réta %é?&ééﬁﬂ%%%@%ﬁ% a(g:a ﬁ%m% polﬁpeptide, or may be an
allelic variant tewt Aligtc sarialtsythdinh porssbssth e sobirihby SRfefeht I98hino acid sequence
than thosg reciied ahRySetdlialilbve mspmesy sitasbialaoicahuacimaassociated with he
disclosed protein. e mTOR beta polypeptide may be a variant polypeptide, such as a derivative,
analog, polypeﬁm@f@éﬁgﬁﬁgﬁtaﬁﬁh%ic of a naturally occurring mTOR beta peptide. Such a variant
polypeptide pfeferab%.%ﬁ]&@@%ﬁ@%é@@ﬁﬂ@iﬁg&%ém{m or ANlVity aF afbacndblisafiyoecoprring
mTOR beta peptide. The activity may be any activit pﬁs__,sessegiyb a naﬁ.ltri&glgco%%% g mTOR beta
polypeptide. ATHEHASSr e ctRAt BaSImAIO RIS S e StiSsb o ardiR™ A'surtaBle Vanant polypeptide
may have any gipe)REmeaiReSERetiviiRsoheEPlampieom vadantipalypepideimal(FBt&in the ability

to be acetylated and/or the ability to_ phosphorylate second pr tegﬁsap' a s ity 19, Rind;DNA. For
25exampid, a SRR YERAGS SR LBHIR A a%egéegék/é%h%bressiog@g&%a?ﬁ}g variant polypeptide

may be phospharylatedat@ErsErireiasichrioaties pbmditighB 15 2HR% of ahé eehifraniltrdRa amino acid
sequence of SEQ ID NO: 4 (5er605 of the mTOR tide ot SEQIRNQe Qe fulifable variant
polypeptide may FaVEHia SBIfS %5% 5?%436%%8@5%3 Ig%gi%}:{LE.)’i\a%suitable variant poI[;/%;gptide 5:nay have the
ability to 30 phosphoriiates AB-BBvls thas oitatskpressiantosonisaplidu el mEVE thedisfty i
phosphorylate 561(1 and 4E- itable.vari oJol flﬂﬁﬂ‘?@ki teragh\with,apestwo, or all
three of Raptoﬁrﬁgﬁg%g?’tﬁ)ﬁid %ﬁ’g{gﬁ%ﬁ?gbcglﬁlglr%r?%%g%égﬁ%?de_ may indguce cell Brolife_)ration. A suitable
variant palypeRidEPwaypratbct tells Romatatvatnanducdensisietah. REUABIEG Y polypeptide

may increase the,onEngenc RPIEDUAI MO 200RAZARETIGEA8/ 00k fctcoloAiauitable
variant polypeptide may decrease the length o e pnhase O € Cel] cycle. Vietnods 10r assessing
t pol t the length of the 01 ph f th %gy le. Meth (g f

these activitiesereseksddnisaehtisplinyah BRI LA U SreR i He e S RIS S S5 547

ader. The

Examples show.haw sueh: aglivitigsinayde:assessad adidaesthenalipeptidedl SEGAD NO: 2 as an

e T s ora s Besies Sl SRR 436 AR 8HieY BURFPlpRAs described

30 transcription targets (B). The level of proteins was densitometrically measured, actin
normalized and folds were calculated against EGFP expressing stable cell line (C).
Figure 11 shows that mTORP kinase activity is required for the induction of
proliferation. HEK293 stable cell lines, overexpressing mTORP wt, mTORP kinase-
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An mTORP polypeptide of the invention may retain one or more functions of a full length mTORa
polypeptide. These functions may include one or more of: Idnase activity; avtivations through the
phosphorylation of a serine residue corresponding to 52448 of the mTORa amino acid sequence of
SEQ ID NO»(Swss05i0f the 10 mTORP polspeptide of SEQ ID NO: 2); et dbtfteiphtisphorylate
other proteins, such as the ability to phosporylate S6K1 and/or the ability to phosphorylate 4E-BP 1;
the ability to interact with, or bind tq, one, two, o r%él hree of R ' dGRL OR beta
polypeptide of%iﬁ)@ﬁﬁgﬁvﬁfﬁﬁe}éﬁ%‘ﬁ? lge"é C(gi aé%ﬁ?vs@ngp ﬁgtégr%ﬁ y%géﬁlﬁgér%#g% B%—%a that is
different to thagarffubiiepetiveliT OR alpha GEfrolypepidecrdiexampiedas destrserRrein, cells
expressing mTORngroIiferat% Jaster than cells, expressind.-miQRBarexaassianehml@Res but not

MTORa, leads {8 induction o c-lﬁyc protein éxpression; cells expressing&r;TQRP have a shorter

duration of G| fivasehthahivellsexsréasrigimIoRE BRI SHEPHRTO R PEUMSSE Ra, protects

cells against t%c%{%%%&faigf Stapyation, expresTiened il GRE Jaadsian2increase in cell
oncogenic potential compared to cells expressing mTORa. An énTORP %ol e%ide oé&he invention

may retain anyReshEGFmEHPPHTRES diffeRerti HIHERIEEBA STt AR M TORA polypeptide.

Polypeptide vajigntsdnshude: but anginetliming toedetetion FaidtonrosssubsittitionVarmtis of a
naturally occurring mTORP _polypeptide s s.the. 25pal tid > 12E1Qr example, a
suitable variant may E&%&%&gﬁmgﬁ%ﬁmﬁ 5%5?%?)%%%?%&?%%%&%%@%%%&1% or may be a
fragment of anysuohsequensey Awwi@féﬁﬁig@emlgﬁmmrﬁ@ﬂg W&Z Izgii‘: Mbq}@fo, up to 20, |
up to 30, up to 40, up to 50, Up to 75 or mare amino aci sqdp Ity nelfar.deletions Srosp a naturally
occurring? iTO‘R‘ﬁlﬁfﬁﬁgﬁtﬁﬁ% Eeéna’élg SheRas ?Fgrﬁ@g %ﬁiggé%O"Suhstitution" variants
preferably invoiathezeplacermthy GAds arintse Brmvaefds wittH Sarheseirhbel 6Y4fino acids

and making conservagve, amine-fdif subsituians.nalypeplidequsy have conservative subsfitution
of one or more anino acids with one or more other amino acids. One skilled in the art is aware that

various amino acids Higersififirehabateansioyeoins of morRBusnterinssladgestarv e
2006/132404PC1IGH006/00 049 Rothepide.canalien;br.subaliiad dicene momarealher such
esired p

amino acids withott eliminating'a‘d roperty of that polypeptide (such as acetyltransferase
activity). Fer exdfegl e ariahifd st linss obstrupesne i diR Mat EiNg-deidHiRing similar

properties, for %ﬁ%@éo e, anotherbasic amine.acidAReHelAsidic amine Beidvasaifiesrayal amino

acid, another chiarged amino acid, another hydrophilic amino acid, another h_ydro[%hg, ic amino acid,

another polar alhﬁﬁbsaxaiidBarmih@ﬁ?wbméﬁé%m’mg’@éiﬁ%@&%’i@%ﬁ’ﬁﬁéﬁ‘é’%ﬁﬁﬁ% %icid. ¥othe

properties of th§d€81mai” amino acids which can be used to select suitable substituents are as follows:
r

Ala aliphatic, hydrophobic, neutral Met hydrophobic, neutral C){s . . _
Figure 14 shows that mTOR overexpression eads to increase in cell oncogenic

20 potential. HEK293 cells stably overexpressing mTORB, mTORea or EGFP were plated
in a thin layer of agarose in culture medium. Afier 14 days, colonies were stained using
MTT (A). Colonies were counted using Quantity One Software (Bio-Rad) and folds
were plotted (B). Data are means + SE of 4 experiments. * P value < 0.01.

25 Brief Description of the Sequence Listing

SEQ ID NO: 1 is the polynucleotide sequence encoding the human mTOR beta
splice variant and SEQ ID NO: 2 is the amino acid sequence of the human mTOR. beta
protein.

SEQ D NO: 3 is the polynucleotide sequence encoding the fuli-length human

30 mTOR alpha protein and SEQ ID NO: 4 is the amino acid sequence of the human

mTOR alpha protein.
SEQ ID Nos 5 to 8 are the primers used in Example 4.



polar, hydrophobic, neutral Asn polar,hydrophilic, neutral Asp polar, hydrophilic, charged (-) Pro
hydrophobic, neutral Glu polar, hydrophilic, charged (-) Gin polar, hydrophilic, neutral Phe aromatic,
hydrophobic, neutral Arg polar, hydrophilic, charged (+) Gly aliphatic, neutral Sec polar, hydrophilic,
neutral His avobriatieipiater, hydrophilic, charged (+) Thr polar, hydrophilic pn@tteicligsalipisatic,
hydrophobic, neutral

SEQ ID NO: 9 is an amplified fragment produced by PCR. from human MCF7,
Keh293 and HEP2G cell lines and SEQ ID NO: 10 is the amino acid sequence encoded
by SEQ ID NO: 9.

3 Detailed Descripiton of the Iovention

The present invention is based on the identification and characterization ofa
new splice form of the mammalian target for rapamyein (nTOR) protein. This is the
first time that the existence of a new splice form (termed herein after mTOR beta or
mTORP) of mTOR has been shown. The present invention is based on assays for the

10 mTOR beta protein and studies of its activity.

It has been determined that mTOR beta is a splice fusion of N-terminal amino
acids 1 10 23 and the C-terminal amino acids 1867 to 2549 of the currently known
mTOR (hereinafter mTORc), which produces a fusion protein 706 amino acids in
length (SEQ ID NO: 2). In the fusion protein, the regulatory HEAT and FAT domains

15 are lost. It has also been shown that mRNA transcripts corresponding to mTORP are
highly expressed in heart and liver, while kidney, liver, blood, small, and large intestine
have the highest protein level of mTORP. Furthermore, similarly to the full-length
mTORG, the splice form is also capable to associate with substrate-presenting
molecules Raptor, Rictor, and GPL. mTORP can also phosphorylate S6K.1 and 4E-BP1

20 invirro. In addition, it was shown that mTORS is phosphorylated at a serine residue
corresponding to Ser244§ (S2448) of the entire mTORao amino acid sequence (Ser605
of mTORP) in response to serum stimulation. Phosphorylation of mTORS at a serine
residue corresponding to Ser2448 of the entire mTORa amino acid sequence 1s
sensitive to Rapamycin. Also, it was shown that when compared to mTOR«, mTORB

25 is less sensitive to Rapamyein,

As used herein, the term “mTOR beta” (mTORR) refers to the splice-form of
mTOR. For example, the inventors have found that the polypeptide of SEQ ID NO: 2is
a naturally occurring human mTOR beta polypeptide. This protein is thought to be 706
amino acids in length and is encoded by a nucleic acid of SEQ ID NO: 1, approximately

30 2121 nucleotides in length. As used herein, the term “mTOR alpha” (mTORa) refers to
full-length mammalian target for rapamycin (mTOR) protein. For example. the human
mTOR alpha polypeptide is thought to be a protein approximately 2549 amino acids In
length (SEQ ID NO: 4) and is thought to be encoded by a nucleotide of SEQ ID NO: 3.



Val aliphatic, hydrophobic, neutral Lys polar, hydrophilic, charged(+) Trp aromatic, hydrophobic,
neutral Leu aliphatic, hydrophobic, neutral Tyr aromatic, polar, hydrophobic 10  For example, the
amino acids glycine, alanine, valine, leucine, and isoleucine can often be substituted for one another
(amino acidswhavirng gdiptatic side chains). Of these possible substitutionseit-isguafertedstgat giycine
and alanine are used to substitute for one another (since they have relatively short side chains) and
that valine, leucine and 15isoleucine are used to substitute for one another (since they have larger
aliphatic side chains which are hydrophobic). Other amino acids that can often be substituted for one
another includg,pheryalanine, tyrosine and tryptophan (amino acids having aromatic side chains),
lysine, arginine and histidine (amino acids ha%/inc%ﬁ? 'c?sii:de (ihaénaéegspartate and glutamate (amino
acids having acidic sid¥ BFSRS T HEBEAEIRE Hid g?i] Amife @&mino acids having amide side chains);
and cysteine and methippipg:fahine acidhhaiing sulphedcoptamivg sidechairsposOof
2008/132494P CTIGRR00RI00104R . AS SIS, ARQSEBINSHAIRRLIRIBES orplerations i
the amino acié“éoearurg‘r?ce that do not adverse y affect a biofogical function or activity of the protein
such as a fundtion/gctivitsptided dhetibetidtsoher mspEda farEnes AL FEMO e ARl TR Stain their

ability to be a%ity@&%m%%@x ieehoarhenaia secantrprataing anmthe.abllitnaterbind DNA. A
substitution, insertion, or deletion is said to adversely affect the pyotei en the altered sequence
prevents or digpagistal @lﬁéﬁ@’i@%ﬁ&ﬁ&ﬂ%ﬁ%‘iisaﬁﬁ}l{?lﬁ%%\i‘?ﬁfgfﬂf%‘?‘&g‘% %iir. Bk ample, the
overall chargesstraaiuig: emhyokaphebicihydrophiticqnaperiies of the protein can be altered without
adversely affecting a hiological activity. Accordingly, the amino acid se . ered, for
10exampfé to render %Q?%Wﬁ%%%‘aﬁéj }r(ﬁ TCRNYs rto%’%% O Ty r%%ﬁ%%,%v%%gﬁ %%%gr%e%%

form. As used herein, a protein is said to be isolated when physical, mechanical, or

chemical methods are employed to remove the protein from cellular constituents that are
norrnally associated with the protein. A skilled artisan can readily employ standard
purification methods to obtain an isolated protein,

15 The present invention includes mTOR beta (mTORP) polypeptides. An mTOR
beta polypeptide according to the invention may be a natusally occurring mTOR beta
polypeptide, or may be a variant, derivative or fragment thereof as described herein. In
one embodiment of the invention, an mTOR beta polypeptide consists of, consists
essentially of or comprises the amino acid sequence of SEQ ID NO: 2. In one

30 embodiment of the invention, an mTOR beta polypeptide is a splice fusion between N-
terminal amino acids 1 to 23 and the C-terminal amino acids 1867 to 2549 of
mTOR, such as those amino acids in the mTORa poypeptide of SEQ ID NO: 4. In
another embodiment of the invention, the mTOR beta polypeptide consists of, consists

essentially of or comprises a sequence having at least 75% or at least 95% sequence

]
T

identity with the amine acid sequence of SEQ ID NO: Z and phosphorylates S6K.1
and/or 4E-BP1.

A polypeptide of the invention may be encoded by a polynucleotide of the
invention as described herein, such as by the nucleotide sequence of SEQ JD NO: 1 or
by a polynucleotide comprising SEQ ID NO: 1. A polypeptide of the invention may be
30 encoded by a polynuclectide having at least 80% or at least $5% sequence identity over
the entire contiguous sequence of SEQ ID NO: 1, orby a polynucleotide that hybridizes
to the polynucleotide of SEQ ID NO: 1 under conditions that employ 0.1x SSC at 68°C.
The polypeptide encoded by such polynucleotides will be capable of phosphorylating
S6K.1 and/or 4E-BP1.



affecting the biological activities of the protein. Variant polypeptides may have an amino acid
sequence having at least about 75% amino acid sequence identity with a naturally occurring inTORP
polypeptide sequence, such as with the entire sequence set forth in SEQ ID NO: 2, more preferably
15at least absuE@BY824#least about 90%, at least about 95%, at least abut’&FH &MY Hibst preferably
at least about 99% sequence identity. For example, human, mouse and rat TOR share 95% identity on

the protein level. A”%ﬁé%é?{'ﬁélﬁ'ag ino Agiddentitnmayobe pragenterresathe Rill length of the
naturally occurring mTORP polypeptide sequence, or may beé)re ent acrgss a subsectjlo(g#?f the full

length sequenedyptiiiaemvasrss< ISt vabE, TSBER PMETE AMTHEHERS ATSIEFARY of these levels
of amino acid identity, mavheRiesenk acToss ibe fullgeptigudus MTORM pelypeptidéseguence. The

level of sequence identity may vary in different regions of the, mMTORDP, se Farexample, a
variant mTORP§H&S ﬁé?%/@r%‘?%ﬁﬁa%‘%a FHito % ec%%g}err?fft%/m ’ c}?bgg%%%b%ﬁl%r%%ﬁo a nat%?ally

occurring mTQR@melypeptideptit mﬁyﬁem;eanmgﬁ@ﬁ m@@%b%ﬂﬂmgqmwﬁﬁﬁ%@ﬁs&me
regions. For example, such a variant poly ge%‘éjcﬁ' MmaysEStaip.one PLMArecansetysk damains from the
.

naturally occulih %Ienc?lﬁgnce. ’ 1dent|ty omol%% with respect to such seg{uences is defined
herein as the pereragesbtemipaciertbsitaas Ty thetanalitrridadishbearah g8 tical with the
known peptides, after; aligning.ihe.seausnsesanaintioducing.gepanibreatsspndyRPachieve the

maximum percent homology, and not considering an |tué|q9(§eg%gart of the

_ conseryati ubs
sequence iderRtigErRiN oD BISIRS TR RRISPRRI 12 (PR rlt‘tr%t%?%a %{S%?e dions, deletions, or
insertions gnto é%xg%{ﬂ@mﬂm@@amaqmbaﬂmmemmmmm@m oty SHO
2008/132494PCT/6B2008/001548 .  In connection with g%%%gfggugé@gm};wi@qge identity"
[ h

refers to sequéRAdSwhich HBVE THE SATSIVRITE When as essed using ClustalW (Thompson et al.,
1994, supra) withethiz falloin §ipaianieterS ORaintig® AilgnteicparERfd e Fac- Mt BR JBUPsLe, Matrix:

PAM, Gap open penalty: 10. : ' Qe Multiplesalighmenat foeters -Matrix:
PAM. Gab opel BERIGE T D0 e ey o do ] Ben - Gap:

. | enalize end gaps: on, Gap ara;ttion
distance: 0, Negative maﬁlb&m@éﬁ}@ﬁéﬁsﬁ}?%%ﬁ%@i’(‘ﬁ‘ﬁ@ﬁ%ﬁﬁ@g@lﬁ@&ﬁ}:‘% gség%ﬁf}és: on,
Hydrophilic gap, penaltias.gheddy diaphiliseresiciias o8 SNDRE Kive Sequencer idertity at a particular
residue is intended to include identical residues which haye si{glgly been derivatized. 10Preferred
"derivatives" oﬁ“%ﬁ%sﬁumgﬁﬁfeafﬁ%‘g@t?ﬁmc%%ﬁiﬁgé) %{f%oe naturally occurring amino acid the
amino acid which appearsmindhesequenestisanstsuotur abem oglinepdde /aMh 65 BSI &R EIn the

sequences may aje0 be derivajized or modified. .S abaliach praviding. e biretionebthe peptide is

not significantl r%%Wgﬁ%c e erivatives and variants as described above may be prepared

during synthesizuc theapentiodsoeydo oselprbHustRins SRR ACGISHHERIRR S8 SHHETE S

recombingpt form,| Siﬁﬂé%k%‘ﬁ%‘é’%%ﬁfﬂ%%%ﬁf@ler@m{eﬁyrﬂiagag@aieﬁ@atrarsdpmsﬂméégenesis, or
enzymatiC cleavage andJor ligation of nucleic acids. Deletion and insegtion variaqls Qﬁ%gglypeptides

are within the SEoPEASRTEHE 9OBFEEHITRENBA PARRABISE I 4 BIRBHL L AR BE ShivARtageous since the
overall length apd theimeclecilan weight-olapolypeptideaie beyéducedywintstretainingeeefesired

activity. This can enable the amount of polypeptide required far.a parti Poseia:pg reduced.
"Deletion” vari@ft&#igy dompHee ﬁ@aggfé%og)ﬁ %ﬁﬁgf\l/%lﬁ %ﬁ%}% %%ié@ﬂtﬁéﬁﬁ%ﬁ of 2mall roups of

amino acids sughias Se3bdior b ahosyhanids, srawlatiorios 28{HegErabily shind§ibis, £8th as the

deletion of specific amino acid.domains henfeatures, AMiNE.acidiasertions sglative to a
polypeptic?é caﬁ%@glﬁéan%gaﬁ gl crﬁ‘éfar?r}a@%g%ne to Lé{Iter tﬁe ﬁgur%%f the poly _eptid;%zzgsg. , o assist
es (

in identificationypisifiaiirephdsapreSaidin PRyIeBiod & HEBR Gy AR B CTaE whether
substitutions, delefions or insefions) felaliveia ths.seauernserrka polrestidera.30defined above can

be provided using any Suitable techniques. For example, a nucleic acid sequence inc%:épg rating a

desired sequened eRfngeTante pFEHAPBICSi-oirsui IntREGRHRAGPSPHIS BV IR ¥ used to
allow the expregsion, of a-olypeRldesBRYINg a.sanesReRAING KPaRER nisaminReatitisequence.
30 phosphorylate 4E-BP1. A suitable variant polypeptide may have the ability to
phosphorylate S6K1 and 4E-BP1. A suitable variant polypeptide may interact with one,
two, or all three of Raptor, Rictor and GPL. A suitable variant polypeptide may induce
cell proliferation. A suitable variant polypeptide may protect cells from starvation-

induced cell death. A suitable variant polypeptide may increase the oncogenic potential
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WO 2008/132494PCPC82008/001548 The polypeptides of the present invention include naturally
occurring mTORp molecules, such as the polynucleotide having the amino acid sequence disclosed in
SEQ ID NO: 2, and amino acid sequence variants of any thereof wherein one or more amino acid
residues hag¥§ednsinged N- or C- terminal to, or within, the disclosed cBdigH8e¢tidate. As
explained above, the mTORf3 polypeptide of SEQ ID NO: 2 is formed by splicing together two
fragments from a full.length mTORa pol ti I ; ' j ils Ito 23
and 1567 1508 S N e G T Fom o o Fhaa oot o

another mTORalpoyyjieptidtiodadhr asstopian b HIG AR P SRR TIPSR ABORPERtRTe. The
equivalent ami}régd%%qgg&%g\drg@%ds@jy@%ﬁgg PRYRefeasklyHseniiie by ofor.axanple, sequence
m

alignment and comparison. A variant nTORP may thus be formed by co biné' ? an N tecgminal
fragment and é@%@?ﬁ*ﬁﬁﬁéﬁﬁé’@%ﬁ?ﬁ’é’ﬁ?@iﬁﬁﬁfgﬁ@élé}ch‘mn%%%‘%ﬁ“ﬂ)@]ﬁlp % AR ant mTORP
polypeptide may,alse-varyiih seguanes fkersuethd pridiSeiminatitsagneritsidior example, a variant

MTORP polypeptide may have any of 15the ress of amino acid se e 'ﬂg{}%@{ gigggssed above
when compared to thélf@i%@ Wﬁ'ﬁ&%{%ﬁﬁﬁaf?rv%?ﬁ@n & rge?tna%in%nﬁgtu%g ?Z occurr?ng MTORrx

polypeptide.  fulisrgiant DORARB yneyticoniPhise Hiffsren: fapimehdeframoamms oREEH6lypeptide
that can be splic%%}%%@%?%%%%b@%@@&%ﬂﬂﬂ B}"Ta(%%@%'bwﬂe%%ﬁﬁgﬂ%iﬁg%/e- 20Using
lae o .

the mTORa po?f/pi)e 4 as an example, the mTORpr)é)ollg/ eptide of the invention may
comprise aminglaéRisf tho@BER S EQIDNO sausrenay SoR PRI bre s mino acids from the

N-teiminal of mT. A suitable f T i f NO; 4
elmln%ﬁ%é@g@é@ ewoisgplsag.c% g?gg@%%@ ,ﬂﬁ@ Qgﬁ}ﬁgt%rﬁgx@ ; B?ﬂﬁla'%tﬁé? sl tD or

may start guent residue, such as amino acid , 6 or a later aming acid, A suitable

fragment of mEM&M&&&E@@WM@@E@@W‘N@@@W&? eheprit e tEnbrdsitte such as
amino acid 18, 01000 28 &fhn 20 20 & 2B an-gaties ef falploamineasid eidue. Any
t

combination of these start and en points may be used to, form a suitableifragment. A.§lrji(t§1ble
fragment front the N taFriHAPRRIF ERPTREGIRS e BYHIBRTEE 9™ B 196t 94 33795 Dy 25, 27,
30, 35 or more aRIAA:ASIHS L IERTIORIASIMikEl e EORE pollicptigia maAPReApbAse amino acids

1867-2549 of SEQ ID NO: 4, or may,comprise.,more or fewer amin igé.ll e Esterminal of
mTORa. MsuitBiPrRfififie At oPHTBRAS gilcgljéer%) E?r%fr:ﬁnf’éggﬁ u%h%egs/l%(% EQI HIQ\IO1 4 or may start

from a differentaesicie; stitheagrasminoratOR868pEesen 08631 ARBDgEL NTHEBC.11886S 1868, 18609,

1870, 1871, 1872, 1873 ar an earlier.or in ' 32494 R HE B2RRB1001548
suitable fragmélﬁ%% ﬁnl'glﬁ}q %%/)rgqh%g a%%%ﬁ?g ,2%%%%}?%&8%%% or ma; en(Jrr an earlier
residue such asfanimbaseibasadlszsnrEsssg e DBRS; expassion s BadieRAnting st § due. However,

itis preferred t;%tﬁl?sGélﬁfﬂ%ﬂﬁétffﬁa@?ﬁeisqmmﬁamm@gseﬁpee&ﬁ@mmﬂmnetﬂ» ahamino

acids 2517 to 2549 of SEQ ID NO: 4. An%/i 5 combination of these start andfg}%% p%i_gtsw e used to
y be

form a suRAble HEGRIEHE AL REOS R AP BHE SRS SN AP ST M FORa may be, for example, up
to 680, 681, 682,1683:6846851686:1698a635T0Mprmaremming tuissditiaryies wheThe mTORP
polypeptide ma com&rﬁe an%fB%thinﬁtion gf esuch N-terminal and C-terminal fragments from an
mTORa polype HEESich ?rnagmen slﬁnggi/je[?e ?u'rther 10modified from a naturally occurring sequence
by substitution, additidt@fpléletioriatsdedodbdihuraint limiisd Yedekbion-AHEHOAE MTORP

polypepiide will(g(ain,aticastane fncanlaclYinat T ARG sichasal lasstore function/activity of
MTORa. As shown in Figure 5, the mTORP of SEQ ID NO: 2 retains certairgs don}%afin from mTORa,

15but lacks othiekEpriéafibie, TRANATO RIOTGHFEREFIB NERAAEKETHEFE GG ARSI o™

deletion or addition variant of such a sequence or may be a fragment of any such
sequence. A variant polypeptide may comprise 1, 2, 3, 4, 5, up to 10, up to 20, up to 30,
up 1o 40, up to 50, up to 75 or more amino acid substitutions and/or deletions from a
naturally occurring mTORP polypeptide sequence, such as from SEQ ID NO: 2,

30 nSubstitution” variants preferably involve the replacement of one or more anmino
acids with the same number of amino acids and making conservative amino acid
substitutions. A polypeptide may have conservative substitution of one or more amino
acids with one or more other amino acids. One skilled in the art is aware that various

arpino acids have similar characteristics. One or more such amino acids of a
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HEAT and FATN domains from mTORa. It therefore appears that these domains are unnecessary for

the function fo mTORp. The mTORP polypeptide may therefore lack one, more or all HEAT domains

from an mTORa polypeptide. The mTORP may completely lack functional HEAT domains. The

MTORP polyieptiga inay lack the 20 FAIN domain from an mTORa polyBéptidB2tfHelMTtORP

polypeptide may lack a functional FAT domain. The rriTORP polypeptide of SEQ ID NO:2 does,

however, retaj %iﬁQ%iBﬁém WTLQRAANINR acifsenatistiuphicatreniromiese domains
ible

may be responsi or the various activities of mMTORP. The mTORp polypeptide may therefore retain

an FRB domafhiaiiiénesr1enikee eonmaih (kB aalBrRiitediiatory Wohibiiraharss & EATC domain.

The FRB domgip igfesessanr-anssuffisisridentskiira 2-rapamyeinbindingitheihl:ORE polypeptide
may retain an FRB domain, Th@ mTOR? pol ﬁ‘epggsewmaynreeg%; an %i[fzern(%t'}E/Gea(_?l{ivaric1 t domain that
confers FICBPAB A SARRGENT biNaiAG At/ HE <A P13 iGinase-refated domain. 30

Kinase domain
The mTORP pelypepticle:may:ietaitid, woisthsect ol nniive st ORISpo ypdpudiinrmyipetain an
alternative or variant domain,th nfers. P13. ki ili domain.| cessary for inTOR
Icinase activitya %ﬁ%a?ﬁl%?fo#dﬁ?eﬁm'IIQO%EHBga%g’e%ﬁt%%&n?g%e%%g%iﬁTc do£rrr11d.lz:1€ijrx1{:.1 %fqﬁe MTORP
polypeptide mamirstaidan aiehativinbriapmmosidail RaTEeptEissIdH P ORP 1EH#%e activity and
function. The RIQRRINQA0SIBRAARCTGERAOKAALEAS.RAYEERIe may retain two or more of
these domains from mTORa, such as both a kinase domain and an FATC domain. The mTORp
polypeptide may also retain functional binding sites for Raptor and/or Rictor and/or Gith. The
polypeptides of thesinvantion alpednsisadatuelly ocdu ringmIfARp-Pmolesgules such as the
polynucleotide-having-the-amino-acid-sequence-diselosed-nr-SEO-D-NO-2-and-amine-agid sequence
variants of the disgfs@®edtidhebdithaiFrgmeht$as dBﬁﬁ&\aﬁﬁ%\VQ it H4Ve been substituted by
at least one residue. Spehdragmansicalsalrelered toras peptiegmesipolypeptides, may dontain

functional regions-of-the-protein-identified-as-region

e-pf entified-as-regions-ofthe-amino-acid-seguence-which-gorrespond to
10 known pro eiromAR1e SyaRoRE e RERER d )mgiﬂ, a%f’\fﬁaﬁgérP gilglﬁsngflg?gnounc bd
hydrophilicity. [The,eegjaasaie, all aasiy ise ntiliable by ysingtanmonhiuaittblgddrotein sequence
analysis software-such as-MacVector(Oxford-Meleedlar—Roelypeptide—fragmentsi-aeeorging to the
invention may|béHad@ Pt &5HBAL e.g. by removaPst o BT RSO SERR from the N and/or
C-terminal ends ¢fia 15.BelyReRide. pitephidip t0 2hyupeladhyprégidll, urdad0, up to 60, up to 75
or more aming acids may be removed from the N and/or Citerminal in this way. Fragments may also
be generated py one ofFiGRe %Lrt?érnal deletions. A polypeptide of the invention may compgrise further
additional sequenges, opaxampleihssdensaded by the palyshmiediidesphotivestorsidescribed below.
The 20polypeptide-may-comprise-glgader-sequentee—a-sequence at ornear-the amimo terminus of
the polypeptide th&F fu ﬁ?8ﬁ?6n§3’i???é?@é?mc %@?égﬂmnﬁ% tﬁ%%oﬁ@%’ep‘ﬁ%%? c];gr1 %ilg%%allle a/sequence
may be includediipithepolmeptigartinbtacgedsibio pﬁtﬁmu‘lmﬁm@@dmmhu@obiwhich helps the
processing or felding-of-the-polypeptide-tipon-expression—various-stch-sequences-arewell known in
the art ar'}g could be selected by 25the skilled reader depending upon, for example, the desired
properties and produEtioaxample, the amino acids glycine, alanine, valine, leucine, and isoleucine

ocomnrica-adaadeor-ca

can often be substituied for one another (amino acids having aliphatic side chains). Of
these possible substitutions it is preferred that glycine and alanine are used to substifitte
for one another (since they have relatively short side chains) and that valine, leucine and

15  isoleucine are used to substitute for one another {since they have larger aliphatic side
chains which are hydrophobic). Other amino acids that can often be substituted for one
another include phenylalanine, tyrosine and tryptophan (amino acids having aromatic
side chains), lysine, arginine and histidine (amino acids having basic side chains});
aspartate and glutamate (amino acids having acidic side chains); asparagine and

20 glutamine (amino acids having amide side chains); and cysteine and methionine (amino

acids having sulphur containing side chains).
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method of the polypeptide. A polypeptide may further comprise a tag or label to identify or screen
for the polypeptide, or for expression of the polypeptide. Suitable labels include radioisotopes such as
1251, 32P or 35S, fluorescent labels, enzyme labels, or other protein labels such as 30biotin. Suitable
tags may bevshameammdtacid sequences that can be identified by routineP§dré&aiegHietiods. For
example, a short amino acid sequence may be included that is recognised by a particular monoclonal
antibody. Polyeptides of the invention, as defined herein, ma Pe cgerggil%}f\%em i&ig Idfor example,
post-translationally MoERFEdSrR-SEIME HES YRHPHE GRS IEtEd oF 1132494PC T/G
82008/001548.comprigaaedified amino attidiresidimscil hieytan deit divaridhy ordims e

polypeptide derivatives, including amides gnd conj ith polyvpeRideSariants ically modified
peptides also%élﬁ’@étfﬂxi’@étWéWi%% gﬁglgr@%maopev?éggﬁée%c E:'thically derivat_iairé%nbyﬁfa%g ion of a

functional sidegrostpliSuchdsrrdtizsd bidebgioupoeiieetREsE WRIHALE BEL HPA8AVEzed to form
amine hydrochlorid -tol yharoups, CaibehenzoxyOkospa:tdhbtexytarbanyigroups,
chloroacétyl g%%%éf ?rz?gqfo'r/gr%}lg Sﬁﬁgg’ éfgsere car?boxyl groups may be Slgrivatiz?d.%‘g form salts, methyl
and ethy| esterbor thtiwteyp st Beers Gk R 45585 ﬁé@‘ﬁ‘/ﬁ%e BupPsTfiay be derivatized to
form 0-acy! or O-alkyl.derivativesokne iMmidazaignitmgeraflohisidinemay.be derivatized to form

N-im-benzylhistidine. Peptides may also be modified by.phosphorylation; amino
phosphorylatisicpehplie/Rrbephatio R EsES Fmn%%%]gsﬁgﬁgﬁ%%&%}éﬁc?%%%g §§ chemically

modified peptides.ase @hﬁg@gﬂ&ﬁpﬁcﬁ@hﬁ,&immdﬁnﬁwﬁbﬂm{ﬁmlwi@@aﬁ@ﬁg@aﬁ%ﬁrﬁ abriedeffatives of

the twenty standard amino acids. 15For example,.4- ' e suhstitited feryproline or
homoserifie nﬁ”‘a“ﬁiﬁgigﬁc&?ﬂ%’é 1‘?&@@?@%@ nﬁ)&%ﬁé}%ﬁgé}g%%%?asﬁ% lpolypeptides con%gining

and/or derivatisesfuithies nclogleziboteidentdifingiptedetermined mutations by, e.g., homologous
recombination, site-d{faergteg %%%%ﬁ&gym%n%gﬁ@gmwgmgmgﬁeieEMr animal
species, including bu Aot Iirhitéd to rabbit, mouse, rat, porcine, bovine,. ‘ﬂ e uin@dgnd non-human
primate specie’@,"xéﬁdliﬁé@ﬂ@I@ﬁ@%‘fﬁé@ﬁﬁfu%%%ﬁ?ﬁgo\%?ﬁ%l]g}i%eﬁgr%l%%ﬁ proteins; and
derivatives whersip the prgfsindiasiReanisoxaestly srotlifiadryEBStiiEion, mhenicairdnymatic, or

other appropriate means with a moiety other fhan a naturall urei ming:asist (forexample a
detectablé mofédgastieRons %“58%@8&1 Fgéio"n"s%téaf;séf)rfl m O& é?? ’é:[laﬁ%eﬁptide Mimics Peptide

mimetics may hemrasiuced:tepttiminie thecttuesdidetisionas svereRlt SRR ORBSSHCH Peptide

mimetics may have significant advaniages avee natuially,3QaeeEingaepiaasdoatidigntoy example,
more economlg@épﬁ gﬁjc%on, greafl}ér chenﬁca%stablllty, enhanced pharm bo [ alepro{iaernes
(el e, absorpiohs potameysiche Y EAeT et SpBEE QT BIALLLPOATUN of bioogical
activities), red%%8&%‘9&]%?%%95%%@5&055 a subsection of the full length sequence, such as
20  across 30, 100, 150, 200 or more amino acids thereof, Any of these levels of amino
acid identity may be present across the full contiguous mTORP polypeptide sequence.
The level of sequence identity may vary in different regions of the mTORB sequence.
For example, a variant mTORP may have at least 75% amino acid identity across the
full length of a naturally occurring mTORS polypeptide, but may have a higher level of
25  sequence identity within some regions. For example, such a variant polypeptide may
retain one or mote conserved domains from the naturally occurring sequence.
Identity or homology with respect to such sequences is defined herein as the
percentage of amino acid residues in the candidate sequence that are identical with the
known peptides, after aligning the sequences and introducing gaps, if necessary, 1o
30 achieve the maximum percent homology, and not considering any conservative
substitutions as part of the sequence identity. Fusion proteins, or N-terminal, C-

terminal or internal extensions, deletions, or insertions into the polypeptide sequence

shall not be construed as affecting homology.
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WO 2008/132494PCIUGS2008/001548 Such mimetics may have any oen or more of the functibns
or activites of mTORId discussed above. In one form, mimetics are peptide-containing molecules that
mimic elements of mMIORp secondary structure. In another embodiment, the mimetics are capable of
binding to cMi& 2¢peanzaternate embodiment, the inimetics are able to SbRfal BT WAPBAE of Raptor,
Rictor, and Gi3L. In yet another embodiment, the mimetics are able to phosphorylate 561(1 and/or
4E-BP 1. The “chﬁﬁéghrﬁ%éﬁé'%%a%%&%‘d& %éé%&%é&%’é‘duen@éf{‘féﬂx s fhal t.?oe peptide backbone
of proteins exists chiéfly t0 orient amino acid sidé ¢hains in such a way ds'to facilitate molecular
interactions, sismiesrteeshvselohantibodiptan daintigdnn Aspoptitesk@riimsaits(Ehpooted t Pgermit
molecular interagfions similag.te enauaLmalesule sranetheLiarmy. Repideanalegsare commonly

produced in the pharmaceutical industry as non-peptide drugs with properties analogous to those of
the template pé&gtideeTHassg e oFAB AN TR Combllity srécaiie ratanisy to! Qgﬁ%ﬂﬁ% mimetics

or peptidomimetigs-baucheieElo8ahmdy rRMORESER p2R:69, Meher&ifseidingen:15,(3985) Trends
Neurosci. 8, 33}2{%% Evans et al. (1987) J. Med,.Chem, 30, 1229-1239 v_vhict;‘are incorporated herein
by reference) aft ﬁiéifﬁﬁﬁsd%e R RIS oSt SP AT RSP R g Peptide
mimetics that aesstsudtGraResitniaptoifiregapeatidaby: vsetly preptidesmayebdtissedto produce an
equivalent ther, Ic.or | Ge ' imeti - Illy: similar to a
equivalent erapgl e RIGBIMAEHE Riivetn Geaeraly. bRRIR mislis aie Suclualy s

pti .e., a polypepti iochemical property or pharmacological activity),

but have one drigrsies! e pridedtinterjssloptionedy ke heee b chesmidaiigketge not normally found in

peptides by methods kpawn in ibeark,Labeng-ohReplidednimelics wanalhipvalyes,covalent
attachment of one or more labels, dlrect{% or through a spacer (e.g., an amide 25group), to

non-interfering BBERIBHRCE THE papiteifibrteinttareoticheecrBy HsTEHRRE St dcture-activity
data and moleggiahmodeling. triteby narrinterfRIIRg:Has Hiens @enesaly-are positiers dhatdlor not form

direct contacts Wigj he macromolecules to which the peptide mimetic binds to produce the therapeutic
effoct, DermitdAIONTE G E TN P sEURHLH THENER Gt EFOL o bATAREANg biore with 0the
desired biologisatwsaphaffeedlogical activity of the peptide mimetic. The use of peptide mimetics

can be enhanced usi@%MH%@%WA&%%H%&B&@%@@H&P'Baﬂ@gaé@%&ﬁ%é%@rﬂﬂ&?me

mimetics can be aided by identitying amino acid mutations that increase or decrease binding of a
peptide to, for heparsidetlmnpestefrotppionrediinttian s ahadbeinenive thayeepRisMybrid

method (see Chien atal MR AP R/A3L4PARER LGB0/ ARLH48 49 3 A GniNaeReRTeSCI. USA
88, 9578-9582) and using the phage display m %I%ié The two-hybrid method detects protein-protein

interactions in SRAASEIITE GEALTLOBFRILRA 1548%46). The phage display method detects the

interaction between dbelatianbity eddprioieinuandsa Printeirl thattiseexpeassihih dr thesustabe of phages
10126y The L A Al SheA v BT s v EoRn e e Bl I ot the
identification oftHéhsenolsncies wrighdabntimeptise trebactdrmsdNdilsieswminmaldetited 10The
present invention: provides phcleioacid.moleeHIes Ihabentede J0itRe e Rrticular purpose to
be reduced. “Deletion” variants may comprise the deletion of individual amino acids,
deletion of small groups of amino acids such as 2, 3, 4 or 5 amine acids, or deletion of
25  larger amino acid regions, such as the deletion of specific amino acid domains or other
features. Amino acid insertions relative to a polypeptide can zlso be made. This may
be done to alter the nature of the polypeptide (e.g., to assist in identification,
puriﬁcaﬁen or expression). Polypeptides incorporating amino acid changes (whether
substitutions, deletions or insertions) relative to the sequence of a polypeptide as
30  defined above can be provided using any suitable technignes. For example, a nucleic
acid sequence incorporating a desired sequence change can be provided by site-directed

mutagenesis. This can then be vsed to allow the expression of a polypeptide having a

corresponding change in its amino acid sequence.
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polypeptides. As used herein, the terms "nucleic acid" and "polynucleotide" are used interchangeably
and refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides (adenine,
guanine, thymine, and/or cytosine) or ribonucleotides, 150r analogs thereof. Such polynucleotides may
be in a singlesteagidsdsarm, or in a double-stranded helix. This term refe?é bi§AyERE ptImary and
secondary structure of the molecule and is not limited to any particular tertiary form. Non-limiting

examples of polynuclpolides dude @ ge0e. 2 AShe.Ta0ME0hR NAw e seaden RUATRR_NA)

cDNA, single-strande 'DNA, double-stranded DNA found in linear DNA Z0molecules (e.g.,
restriction fragi@ats)esirudess Breraphausireddedeainpithapan midissiigacs pisdafvdvasers,

isolated DNA gfaqy Seauanesnisaiatec RN obaruseaensgifcleie-asigRrobesranthpimers.
Polynucleotide sequences such as se mes f double-stranded Dhé%%r%%lelcul s, may be described

herein accordiffg 6 e AblHEIEETERTOT brgiving BHRAHS SagheHe S'85%8 F Yiéction along the
non-transeribeg Sieanel ohPNAie gl dinerstrhndiTatfigal segtien o fisthdlbbious. ta themadivA). A

polynucleotide of.the invention may be provided i lated ot purified form..As in, a nucleic
acid molecule ‘“f‘gglscal}l&fgg%%gl msolate gn\}v%ésni% ?ﬁﬁé#ﬁ%@ﬁ%&ﬁggﬁg@ff Zﬁ)‘l‘s?a%(_%éigz\ggﬁted from
contaminant niilemagidsmcletuiesidnéddity Bdother-poiheitidesD NOAdofyrersétide of the

invention may he g;polynucieatide (ar.cxamele AnRNACrANAL hataTeadesRpalypeptide of the

invention as defined above. A polynucleotide of the invention may be a polynucleotide that is

complementar§Ped asfge rietheiadeglienceiarsd i B paRipamtis of B ISHEEARRdIynucleotide
of the WQ 20Q8/4:32494R6T/6B 200840 M5 4& invanton-mache a pelyausiestidgdbatehybridizes to a

nucleic acid encoding a palypeptide of the inventi oss the apen reading frame under. appropriate
stringency corfli§BRET B0 SHIRTES e dF @%%%%ﬁ%ﬁ%%%sq& "[‘]img"éfﬁa%l F]ré{fl%r%&\ges a

a polynucl
polypeptide thadrshiasedaineashabo Gt iéhinel ddeast dvout 958 atlgntitypwitly th&@Rtire contiguous

amino acid sequence.of SEQ ID NO: ifi i A, mRNA
and antisense%n%f'}/lgeéﬂ£ eg', 2‘8 We %Isn%%)ﬁgaa%ﬁ%da%g ?;(’)%Q ﬁ%ﬁ%ﬁ%ﬁ%&@%%ﬁ iiirl?(é&l\luding
alternative basesl WHettnénad rigewiitonferturaidowrces o syhtE pddpSiuds mazdrrasmschowever,

are defined furfhen as heing naveh and 4o Qusmavel ML K et RHERICAGidrnclyding that which

encodes, hybridizes"10under appropriate stringency conditions, or is complementary to nucleic acid

encoding a profamandhrahG ferrmea REREM BANLHLY MR b NEHEEE R S AP VBRI P may be
any polynucleotide that:eneades amdiaepite s deerbet aboves Acpolmudeatide of the invention

may be any polynucleotide that encodes an mTORp polypeptide. A,polynucleqt; f the.jpvention 15

may comprise & S&GHEAT %ﬁﬁeﬁ%ﬁé@?ﬁg 6%%@%%%%%%8@@9%%1%%%%?§%§§ eptide

comprising or epdsistipabssentially of the mTORP polypeptide of SEQ ID NO:2, or a variant or

fragment.gf any thereglas desebRd abRYERuRolySHel9p/ide of e anfAp mav.agmprise, consis!
e

essentially or of consist o nucleicacid sequence of SEQ ID NO: 1 or a nucleic acid sequence that

varies from SEQIDNGDHEARy RHeDIRERIRRRSTEHPhE Yendac e sde i Tandteh Rticleic acid
sequence that,gacadepife S3meelaeRiEe a5 SERIRING. dminsAousieiRacid sading sequence”

or a nucleic acid sequence which "encodes" a selected polypeptide is a nucleic acid molecule (e.g.
DNA or RNA) WRTERCH fEmbe P ahTaE Bo0 SPANg )‘%ré(ﬁ?aﬂﬁg?eé R S%te%f%?? NA) into a
polypeptide in sivecdburbesidlaceschindemihe saitPoB ot ahproprikteregitateridseytedds. The

boundarigs of the coding SABIRNGE.F 1S SR LY A B Toe 3t X4 mia A derginus and a
residue such as amino acid 18, 19, 20, 21, 22, 24, 25, 26, 27 or 28 or an earlier or later
amino acid residue. Any combination of these start and end points may be used to form
a suitable fragment. A suitable fragment from the N terminal of mTORa may be, for
example, 15,17, 18, 20, 21, 22, 23, 24, 25, 27, 30, 35 or more amino acids in length.
30 Similarly, the mTORP polypeptide may compsise amino acids 1867-2549 of
SEQ ID NO: 4, or may comprise more or fewer amino acids from the C-terminal of
mTORg. A suitable fragment of mTORa may start from residue 1867 of SEQ ID NO; 4
or may start from a different residue, such as amino acid 1860, 1861, 1862, 1863, 1864,
1865, 1866, 1868, 1869, 1870, 1871, 1872, 1873 or an earlier or later amino acid. A
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translation stop codon at the 3' (carboxy) terminus. A polyadenylation signal and transcription
termination sequence will usually be located 3' to the coding sequence. For the purposes of the
invention, such nucleic acid sequences can include, but are not 30 limited to, cDNA from viral,
prokaryotic dr@emane mRNA, genornic sequences from viral or prokaBfetiEBIREYHRRIA, and even
synthetic DNA. A polynucleotide of the invention may be a naturally occurring nucleic acid that
encodes an mI\Q‘tRﬁeR?A %B{'Blﬁm%@r?&‘%%}%%at cRplvpuclepideal GEQRADND; 1 eagedes the
MTORP polypeptleéle o} Q ID NO: 2. A pdlynucleotide of the invention WO

20081132494 PC FIEB2GORIG0SL S a9 d dfiHht of Sueh & potpeptidebimeastisnasdeoa variant of

a naturally occyfing#alORBpalypeptideasdaserbed akenginal rAshRwGieatide afdhadavention
may encode a g%%%ggrtptide having at |east about 75% segence#gﬂg&gﬁpreferably at least about 80%,

at least about GBSO IR AR O §596 6 &3t &b697%, or most
preferably at least st O9Mhes-pareaeaidypwiit; awvmatierallydaoccuriingsaiEOR Bapriypeptide, such as
with the entire cantiguous amino aci uence of SEQ.ID NO: 2. A polynucleotide, gf.the, jnvention
may share at 1ALt EDSE STER Ay B e AR R St AL 2 eSO o EA BBodt 55o% or
more, at least éﬁM@?%@r%r@%@ﬁaﬂx@ﬁ,ﬁﬁé?erabwmm@éa@h@gﬂdentity with a naturally
oceuring MTORP pobyuigieetide,seguense, i asuihde pciantideseduence shSRQUP NO: L or

other polynucleotides encoding the polypeptidé of SEQ , particularly across the open reading

frame.  Methd@swnehEasmply Fom i R satity-aiciveiuendinams et BR8N be
understoqg by these-afskil imthe-ar thatinihediesentoaniaduhemealveyds dosaleated on the
basis of nucleic acid identity. Such homology may exist over a region of at least 15, preferably at least
30, for instancé EEIEXE6780, 100, 200 or more contiguous nucleotides. Such homology may exist
over the entire length4 dae-tibed allified the HORIR p phylrueteciide b rqaly petidgersequence. For example

the UWGCG Package, provide TEIT pr i USE ate 20homology
(e.g. used on it@m dpé%‘}gandé)cgé It%as'fs h(?)ev ’r&%l &t 3?%%@%@%@%%%@%%&%@2,%5587-395). The
PILEUP and BERST didoeittinds bamadlob belfded 16 edk D artahsraoiety erimedipsealétes (typically

on their defaultseftings)ofatexarale-andesciibentinoisnhubSi6, (ASR MebRuel36:200-300
Altschul, S, Pet al (1990) J Mal Biol 21 :403-10. 25 omoI%?y or sequence identity at the nucleotide or

amino acid sediefdeA sV ENEN Aoariramart it By traiere aprats it droshdisimainsstarch Tool)
analysis using the-algearithrr e Flexad:bib the ORJyramsiashp phagtephlastatbiratrandaddastx
(Altschul et al. %97 Nuclel',lcﬁ%ci dRes. 25, 3389-3 and 1Karlip GEta‘lgh(lgglg% ocaNatI. Acad. Sci.
USA 87, 2264-5568 5ot flllj Tcorboratea i dherthes WRIChRrS Sotaifored 1or S&Fuence similarity
searching. Thecappicaihlasetiubyitvel BIRXS TdpragramikaofilsREgmiigersinitaydeghnibats, with gaps
(non-contiguo ' @%Q Lo e base
sequencggthelf‘é?g\?%%g%t %ﬁé%glti%t?ca sigﬁ?%:e r?(?eé/ o?gﬁgﬁ%ﬁmﬁgﬁ%ﬁi%%%nd finally to
summarize onfpasbsshiadchéamsiiich satisfy a preselected threshold of significance. For a discussion

of WO 2008/132494R¢I/GBRA0&0QLadebasie dspuesdimsinuanitn seal ching efisedusnes databases,
see Altschul et al. (1994) Nature Genetics 6, 119-129 which is flflally incorporated ﬁg reference. The

search paramefdre foF MR togratoed s BrEHE IRy ATABHRTS TEIPARTE SoMARSERSHEal significance
threshold for repaéingbiedtehrs againsidatsbase REGRMNCESY, elON) meiemib fitter (low complexity)
are at the defaylt settings..The It scoring matrix used by bl blastx, tbla and tblastx is the
L OSITNES e (e Bt b L0 AT e A S e Gk S L PETERED. ruly
incorporated bylastenencd)r redokitehdedror heERPséomemce serpsraaighty-fivdniemiéatides or amino
acids in lengthgy-ppin

-rapamycin binding. The mTORJ polypeptide may retain an FRB domain.
The mTORP polypeptide may retain an alternative or variant domain that confers
FKBP12-rapamycin binding ability. The kinase domain is a P13 kinase-related domain.

30  The mTORSJ polypeptide may retain a kinase domain. The mTORP polypeptide may
retain an alternative or variant domain that confers P13 kinase ability. The FATC
domain is necessary for mTOR kinase activity and function. The mTORSJ polypeptide
may retain an FATC domain. The mTORP polypeptide may retain an altenative or
variant dornain that confers such mTORJ kinase activity and function. The mTORp
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10For blast's, the scoring matrix is set by the ratios of M (i.e., the reward score for a pair of matching
residues) to N (i.e., the penalty score for mismatching residues), wherein the default values for M and
N are +5 and -4, respectively. Four blastn parameters were adjusted as follows: Q=10 (gap creation
penalty); R=%0 géfisi &xEnsion penalty); wink=1 (generates word hits at eVER#HREPHESition along the
query); and 15 gapw=16 (sets the window width within which gapped alignments are generated). The

equivalent B'ﬁg%g@ﬁﬁ&%%%@&ﬁ%m%&g%f R inkek 20 SaRke32udh Result gomparison

between sequences, available in the GCG package version 10.0, uses DNA parameters GAP=50 (gap
creation penal§}aadUENEREEFETENLGH Bendtf Fd i h Bl gravafs L air S ibrotein
comparisons kg 807 3ianthk ENsZr20Atvanadbpriyaicleetidepiay differ from a sequence in the
relevant polynucleotide b to 3, up 1o 5, up t9 10, up.t0.15, up to 20, up ta 30 50, up to 100 or
more mutations (eac%%%@%ﬁ%%ﬁ? Ségé%ﬁg%%tfﬁﬂg‘%ﬁ%gféﬁg%rg maﬁér |8§%@g@h%ations may be
measuredsovemaltegiensofiatieasp3nfotdnsianceiag ibast 4o 6010 c4B6me niock ephtigtiols
nucleotides of riant., Or across,t I QFQ 0 Svarj Nt the pelypugleotide from which it
is derived. A vgﬂ;iz\]f?p%yrﬁiuaéfgg igcei%%kteﬁé%#c\;gegntlon %Bgﬁm%ygéggdlge Wi'?lgﬁaﬁ mTORP polynucleotide,

such as a naturaipeseusitafingt drPepbiitrciebtkiesuhsERis! (reap grudie stdEsf SEO 1D NO: 1, or
the complemeqt,of any theref AL a-deyehsianiicanibrarpradlackgranms i sighakiewsigenerated

by the interaction between 30the variant and the original polynucleotide is typically at least 10 fold,

preferably at |644be By Rtttk S OB GRotiRt h P BIFREEISIN® “rHEN TSRO tteraction may
be mgasmnecil, Mb@ﬁm i @ma&k@lat@%l&@f@@%mm,@@amumﬁm ﬁlmeg:l@ly%ﬁmmh of ma?/ not
encode a polypeptide, qf the jnvention. Preferred.molecu re thase that hybridize.to the complement
of SEQ ID Nogigém%@h Cote Whine ﬁo{ﬁgfl%e Té%eg?%%ﬁ%%ﬁofgxﬁggé@%%% protein, such
as an mT0113ppokipaptideasadelinad above. Evensivbre/prede (edibvidizindemolecules are those
that hybridize under tﬁ‘&%@ ﬁg?“‘?e e?@ralﬁ%ﬂ%'t%@&cﬁﬁ lamentsrand.af hieppeneadipg:frame of SEQ

ID NO: 1. Such hybridiz y occurs under stringent consitions. "Stringent 5conditions" are

those that (1) erapioysewsiehié etrerigioarmagesdnpemiirondashime are M 5162 0.015 M
NaC1/0.0Q15 M sedimcCitrate/Qol ¥ R29 alpadempsyaiure of & kash0€0.amd) empleyeuring
hybridization a denaturing agent such aés form rni&je,#)r g(z;amp]e, 50%. (vol/vo forrnagnide with 0.1%
bovine serum ABEMATESIBE ERETEHB"E /ofIIS‘Hh}g% B STidoREBa M ESI i ShoEpRAE B er (pH
106.5) with 75@is0 M Natihidby-b sodivrmiaitrats dtld4@aisAnother example is hybridization in 50%
formamide, 5x SSC (Q.75,M NaC1, 0,075 M sodium citrate), 50 mM ' 6.8), 0.1%
sodium pyrophospha e,Pg%?If?gﬁ %P ttgesl&ﬂ%Foﬁns%%YC%a(gtregé?s}% rﬁgtrr?lesrp%?&r# Alsq%ﬁoE %ggi%l ,%.1% SDS,
and 10% dextraruspifatecat anwenipseyatbeerohanidesidGniitrivestissrired 60, 2keSSC and 0.1%

SDS. A Lpskillsth é&?@&%xyr&qgﬁ%@%@m@%ealaeln\e@,ryé.h@saqﬂagg@%mgm@@afaﬁa@ropriately to
obtain a clear and détectablé hybridization signal. _ . _
terminus of the polypeptide that functions in targeting or regulation of the polypeptide.

For example a sequence may be included in the polypeptide that targets it to particular
tissues in the body, or which helps the processing or folding of the polypeptide upon
expression. Various such sequences are well known in the art and could be selected by

the skilled reader depending upon, for example, the desired properties and production

3
A

method of the polypeptide.

A polypeptide may further comprise a tag or label to identify or screen for the
polypeptide, or for expression of the polypeptide. Suitable labels include radioisotopes
such as '], 32p or 3°8, fluorescent labels, enzyme labels, or other protein labels such as

30 biotin. Suitable tags may be short amino acid sequences that can be identified by
routine screening methods. For example, a short amino acid sequence may be included
that is recognised by a particular monoclonal antibody.

Polyeptides of the invention, as defined herein, may be chemically modified, for

example, post-translationally modified. For example they may be glycosylated or
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The present invention further provides fragments of the encoding nucleic acid molecule. A
polynucleotide of the invention may thus be a fragment of any of the polynucleotides described herein
or may encode a fragment polypeptide as described 20 above. As used herein, a fragment of an
encoding nudiéic@eittmalecule refers to a small portion of the entire protainicadmsgssegisnce. The
size of the fragment will be determined by the intended use. For example, if the fragment is chosen to

encode an actiyg,porion #hha RialRiache. Eaamentwilaged i Pedarge sagugh jo encode the

functional regions of the protein, If the fragment is to be used as a nucleic acid probe or 25PCR
primer, then thBPRGRIERGRRTRTS 96 Fh At SHHvERS A Rokipatiseialse positives during
probing/priming. Polypheleietide risatiee ptstidecaraing tadtha oy eativn Rry-Pemasaiydruncation,
e.g. by removal.of ane.or.more.nugleotides fro e or both ends of g polynucleotide..Up to 10, up to
20, 10 30, W R S BOER 15 PG ORI & BO0HP T R ray be
removed ffom theuBs andiide BiendwbithédpolynuctzotiderinthisSouayarErsgménis: mayealso be generated
by one or more,| [ f ycle ' cul f t invention
(i.e., synthetic%l%%%%@%e%%%%%@%%{ﬁggg%gjé%s’@ot?qé%@c%%gﬁgf%r%geﬁré% gljjt%gi%%ﬁ%grﬁe gse chain
WO 2008/13245pe TG E2008 04 slea ca5I{PCRORS RS YAtRE2E7g8 e Seguelites encoding

proteins of the;ipyention. Sughmeles e caRRA23IkBR syRirsized byshemicalieshniques, for
example, the phosphatriester method of Matteucci et al. (1981) J. Am. Chem, Soc. 103, 3185-3191 or
using automat@"(?%gﬁt‘ﬁ%&\’@t}ﬁeéjcﬁ%é‘gni‘noéﬁﬁﬂi%prépégr%wv g meRtd sl i B pfepared by
well-known méthadmesuah msdyhthesis offargrolpmobaligonscietidesihatdefing s@sious modular
segments of thleo%e 0e, g)oll we Qy!iaglac}tio?ooggli 0 Lg:!’%?ﬂ%e%t% uil tpe com%Iete modified gene. In
a preferred embo |menlj,fg HUCleIc acia molecule of the 6?es%rﬁ fvéntion contams a contiguous open
reading frame gfatdgattabout:2raiamelestifesoa0A polypeptide of the invention may thus be
produced from or deliygred in,the farmalig.RoYRUARATAS yHbich eRCedes andhis £ARARIS, Of _
expressing, it. Polynucleotides of the invention can be synthesised according to methods well known in
the art, as desBifBeBBy R\ eFExampiain Sahfsbek el togy s ganfar CaBRmgcidsaboratory
manual; Cold $pringrphariass) pihiatdsndolynusieniide sequsnses-ibeadinthiontiia.e
above-describ%%gogﬁ@i%tides,can be obtained using recombinant methods, such as by screening
cDNA and genS i Péﬁe‘&fﬂ%y deriving the coding sequence for a polypeptide from a vector known
to include the same. Eurtlhenhoed Wrindesifeoispetiahseswaining isolatetbdiractbs fiatheeells and
tissues containj sam i ndar ni h as pheno] extraction and PCR of cDNA
or genomic 20 H&gg?%ﬁfg g&%ﬁ%%ga%gﬁ%é%%gaﬁqgé%%%e%éfod%ggcc)inéy{ﬁ Oét%é ?/?lf%at agf) than cloned.

The nucleic acitiidiededes SR presetsinvattiba raaysirmdirae sroeiiddlercenmim a detectable

label for dingnesticand rahe BUrResER: A YR iabhA! z%%@e',%@?&&iﬁ@?%i%}%iﬁ& aidlgan readily be
employed with the encoding molecules herein described. Suitable labels include, but are not limited to,

biotin, radiolabBREPsHITERGRIREISIRT G Med the liplss o Al RaiipEN AR RIS AMISRIch label to

obtain labeled madiants efftheslicleiobaidvaoleswasrahthe inventions Medifications,tedieteamary

structure itself.b dgl§i n, additian, .or alteration of the amino a%ids incorpgrated into the protein
BE i TR

sequence duriPl rans c%f%}i %é%nﬁ%mm% St Ot ESH3 |ﬁ%pflllaéea%1ﬁ%§/ aer%%ettgiﬂ uch

substitutions othettrenzitedbtions rasgleim:30prdidirsehavirlg adesmirideanidas quangeaencoded by a
nucleic agid faélfﬁgr}%@@amgisotope).

mTOR beta Pentide Mimics

Peptide mimetics may be produced that mimic the three-dimensional structure of
mTOR. Such peptide mimetics may have significant advantages over naturally
30 occurring peptides including, for example, more economical production, greater
chemical stability, enhanced pharmacological properties (half-life, absorption, potency,
efficacy, ete.), altered specificity (e.g., a broad-spectrumn of biological activities),

reduced antigenicity and others.
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contemplated scope of the present invention. WO 2008/132494PCT/GB2008/001548 Vectors and
Host Cells The polynucleotides of the invention may be provided in a vector, such as an expression
vector. The polypeptides, polynucleotides and vectors of the invention may be provided in a host cell.
5The preserw{neensticessarther provides recombinant DNA molecules (rDRAY/#Eatedhtaiata coding
sequence. As used herein, an rDNA molecule is a DNA molecule that has been subjected to molecular

manipulation in situ. Metheasdar.aeneratiaatPhHA salsrulssarai@b kg iniiheart, for example,
see Sambrook % . (2001), Molecular Cloning - A Laboratory Manual, Cold Spring Harbor Laboratory

Press, In 10 tH& el AN Ge LU RS TR diHE PiAsRRRs s RO BERRR clifles i xpression

control sequencesiasidinrectan FERBaREesd AR eRaRmbosimem ofinednention.thecading sequence
contains SEQ ID NO: lternate embodiment, the coding sequence

or_fragment thereof, In an a )
encodes the p%ﬁ/ﬁ%%at%geogﬁjg%ﬁg@ R@% %‘P %&%@W?ﬁé‘?@%@?@%ﬁ‘h@%%ﬁ?@%rﬁ% les of the
present iriventidminay: beypreyidathindh e faom) of aBpxpressioncassetiesthichingiides control

sequences operably linked, to the,inserted seqguence, thu Ié ing for expression of the polypeptide of
the invention irr?“%/eg{ ha gpté%{gghsoﬁge?e%ﬁ s%ee%tééﬁs{?i ﬁdgéléig" %Yssion cassettes, in turn, are typically
provided within vectorse Ardeitalsie e otatahalibé thaysedtpepiichis eapabltafROpaptdag a sufficient

amount of gengiigipirEraia,2nd;alowio xeiesaon AL aReReRlde of the venon. yectors may

be used to simplify manipulation of the nucleic acids of the invention, either for prep%aatsio(r)i of large
quantities of NFEIEIE SRR MBI B SEHIChRTe Verbbs) B rfe igressioneptitiee polypeptides

(expression vestors). 2aushdareiengm insludenT GRARIAEINSCOMPHSINLLARE A SRRIE Mutations at
any amino acid resm?f?}é)}; 55%% ID NO: 2 and derivative polypeptides, thereof. Vectors comprise

plasmids, viru&&¥RH YRR ARG B RAG S B A Rha st tisisrs integrated
into the host genepepthly recgnwithatiop-{Bneeb grdingbeguanne dangaeEQRR. polgpeptide of the
nvention s REED HAREE RS iR Al AR REEIRNGE IS RN SHERRIR P tor and thereby
peptidomimetics (Fauchere (1986) Adv. Drug Res. 15, 29-69; Veber & Freidinger
15 (1985) Trends Neurosci. 8, 392-396; Evans e o, (1987) J. Med. Chem. 30, 1229-1239
which are incorporated herein by reference) and are usually developed with the aid of
computerized molecular modeling.
Peptide mimetics that are structurally similar to therapeutically useful peptides
may be used to produce an equivalent therapeutic or prophylactic effect. Generally,
20 peplide mimetics are structurally similar to a paradigm polypeptide (i.e., a polypeptide
that has a biochemical property or pharmacological activity), but have one or more
peptide linkages optionaliy replaced by a chemical linkage not normally found in
peptides by methods known in the art. Labeling of peptide mimetics usually involves
covalent aftachment of one or more labels, directly or through a spacer (e.g., an amide
25 group), to non-interfering positions on the peptide mimetic that are predicted by
quantitative structure-activity data and moleculer modeling. Such non-interfering
positions generally are positions that do not form direct contacts with the
macromolecules to which the peptide mimetic binds to produce the therapeutic effect.
Derivitization {e.g., labeling) of peptide mimetics should not substantially interfere with
30 the desired biological or pharmacological activity of the peptide mimetic.
The use of peptide mimetics can be enhanced using combinatorial chemistry to
create drug libraries. The design of peptide mimetics can be aided by identifying amino
acid mutations that increase or decrease binding of a peptide to, for instance, & tumor

cell. Approaches that can be used include the yeast two hybrid method (see Chien ez al.
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a composition of cells, which is substantially free of cells that do not contain any mTORp coding
sequence. As described herein, numerous cloning vectors are known to those of skill in the art.
Cloning vectors need not contain expression control sequences. WO
24)08/132494P@MBB2B08/0015 48  The present invention also includéd &8 888 ectors that
comprise polynucleotide sequences or rDNA molecules of the invention. Such expression vectors are

routinely Consgw%%éhﬁﬁitgém%ﬁtﬂ%@@wmmmﬁ%gm@@@@&%@mﬁ plasmid
DNA and appropriate Initiators, promoters, enhancers_and other 5elements ST%‘@?%JOQIC& mple
e correct

polyadenylatiohbsigHaisimich: Bes R RedEly PERVRIET S5 dRitiee i ientation,
in order to allow farLxession of apeplide-ofiiprnventioreGthehsiteetivectetsavnald be apparent
to persons skilled in the art. By way, of further. example in this regard we refer t mbrook et al. Thus,
a polypeptide Wﬁbﬁf@%%ﬁmﬁﬁﬁ%%% Brcrasby & etff\?gsr?r(%goguc q vatlaccet(:{))erifﬁj[1 %%g?éﬁugﬁ %10allowing
transcription froeaiie asediol ¢ anbury PrefefHbly) Sptiyivadedtidélotitie #vérti8A%0deruse in the
invention in a Yag(of s pporaRlv kel da.a00uRLarAUBRSE MBI cABARE plavidbgifor the

ing

expression of thé co equence by the host cell, i.e. the vector is an expression vector. "Operably
linked" refers tovereeiirangefibaidmsiBpbntobe s mecs Shihorerd 5865 dUeHEEd Hre configured
so as to perform their usual function. Thus, a given regulatory sequence, such as a promoter, operably
linked to a nucleic acid sequence is capable of effecting the expression of that sequence when the
proper enzymesUstei: odistomoter need not be contiguous with the sequence, so long as it
functions g direct therexpressiomtbgreafythitsiomdiampleniiteniening untransisteR yet20
transcribed se%uliences gcan be present between the promoter sequence and the nucleic acid sequence
and the promoté& %@EH fice can still be considered "operably linked" to the roding sequence. The
choice of vector and/drsexpidesion tongohséuudicasitd whlchanevsleaidpresiHsamily encoding
sequences of U piesenl iy entions BRsiabbinkeddepandsdiiulirectii asisveltigiown in the art

a

on the functional properties ‘desired, e.g., protein expression, and the host cell to bi tra%sformed. A

vector contemjsleasrisgndlasiidaspisvasi SRR (BATRAFAAIS SHHIRESINY TR PEBIRORESH or insertion

into the hest chromeseme.apd Breferbivudlsaiaxpressieninof iheipelymdeiedtide of the invention e.g.
of a structural gene included in the rDNA mol%cule. OtExtgression c%&rgéc%l%%ené%&gﬁg%? used for
regulating the SRBRSSSIHIMRLRF e fabl TRKETPF SR R AtotinG Sequence aré known in the art and
include, but areqaahlimited 461 ipducibiéipiomote rsrtionrstitatizepiomo e -Sedtetorr aigpiass, and other
regulatory elements. Preferably, the inducible_pr ' U C @@Q@ responsive
to a nutrient in é’%&?‘%%?ﬁls erglé%%ur?{‘ﬁ 8828(5&?9%51%%5{?5%%2%5%%%%4%@@ In on%?%mbodiment,
the vector contaiify singdisendeldididcia PR3citetimpirerpieRi N dRunJoRdNEER BN e., a DNA
sequence having {hebiiky tadcsala ianamous veplcatan aecmainiensap.afithe recombinant DNA
o

molecule extrachromosomally in a prokaryotic host cell, such as a bacterial hlo%f'gf{:gjl\T r%%]sformed
clude

Stherewith. SuEREHSSIHS e WENRRORHIF R 2 RN AR 81 SERIEPS TSP IR & Prékaryotic
replicon may alggiRghideaigene whesesexpdestinsctnlors daelbctablenmarkertsuch as a drug

resistance. Typcal bacter) iy eSiaNGR 9e1ER 1R MSEPADLGAIE FRRARGE. P o

the normal convention of giving only the sequence in the 57 to 37 direction alqng the
25 non-transcribed strand of DNA (e.g., the sirand having a sequence homologous to the
mRNA).
A polynucleotide of the invention may be provided in isolated or purified form.
As used herein, a nucleic acid molecule is said to be “isolated” when the nucleic acid
molecule is substantially separated from contaminant nucleic acid molecules encoding
30 other polypeptides.
A polynucieotide of the invention may be a polynucleotide (for example an
RNA or DNA) that encodes a polypeptide of the invention as defined above. A
polynucleotide of the invention may be a polynucleotide that is complementary to a

nucleic acid sequence encoding a polypeptide of the invention. A polynucleotide of the
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Vectors that include a prokaryotic replicon can further include a prokaryotic or 10bacteriophage
promoter capable of directing the expression (transcription and translation) of the coding gene
sequences in a bacterial host cell, such as E. coll. A promoter is an expression control element formed
by a DNA sa&eietrsel séipermits binding of RNA polymerase and transcripstif %8 8¢ et ®romoter
sequences compatible with bacterial hosts are typically provided in plasmid vectors containing

convenient 15rest{{ 8H Qn %ig%safgglggﬁgﬁ@mm@%ﬁig%mm pidhe peesentadirantion. Typical of such
vector plasmliggeélre p% , pUC9; pBR322 and pBR329, (Bi Rad)mE)A?L ang %@%%Iﬁwnacia).

Expression vectupeptismpaiisi s SUIERS e e 1568t ga(%f’gynt oseerc%?ﬁpﬁl e with Vertébrate cells,
can also be u&%@o@m\/ﬁ@g%@e@@&%me@wﬁﬁm@nmmmwgw SejrsaedeRukaryotic cell

expression vectors, including viral vectors, are.well known in.th 2n6L arg avalahle-from several
commercial s@ﬂb’é@@lﬁﬁéﬁﬂwfﬁﬂ@ﬁ%ég%%ugg %rngfagggc? Sé%rliljtoaﬁitn?r?og clonvélﬁyiaént restriction sites for

insertion of the,gesied ENAcsetinentsTypiE &S SudhOiekidireares CHSHPREVED (Pharmacia),

pBPV-1/pML2d (International Biotechnalagies, FATCEH2Rthecuasteripadd8 described
herein, and ty%%%%@?ﬁ&%}%ﬁp@%@%%%ﬁ%&?gn &&%é%zemglary euk%r%%i%}gépres ion system is

that employingnatainitvihrskadichois RIS TG BRE(EERCETSAM HB107593). Yeast
expression veglors are known,in et 456RiJQE RXADNG: < Se Retientsfdy 46 /235 aad.d7aB0, 428).

Another expression system is vector pHSI, which transforms Chinese.ham 3p.cells (see WO
87/02062). MardrianBrieisoehisy Haotattruier At ‘\%‘?&%ﬁﬂlﬁt it

encoding a selectable marker such as

dihydrofejate {gg&%g%@gtgEﬁi@g@mmﬂnfﬂimmmmmmemw@w@mé BrcadifEtive. If wild
type DHFR gene is employed, it |s preferable to.select a host cell, which is deficient in DHFR, thus
permitting them%?“‘/@@?%‘gf@i‘é%f&w&n? [GB20608/001548 of the DH FR coding sequence as marker
for successful transfeciolyindigttibeatiuhe, inivichorples By FoXRNHHE YEMPARF tfidine.

Eulcaryotic cell expression Yealorsised.asveelorsatshedeyention ariuseskioansiruct the rDNA
molecules of e)ér)éjsent invention may further include a selectabl malrketr ha%E effegg%{g in a
frrumeOL e Gl 1he. 1V 13

eukaryotic cer@yef@iami,dfatbmgnﬁééﬁt%é’é@ﬁ@cﬁ?}ﬁ%}%rﬁpﬁ &ferred rug resistance marker is
the gene, whose, expression, IR FnR QYEE: BSISR06H peiythsideofiffeld Phbhibransferase
(

(Iwo) gene. (Southern’et at (1982) J. Mol. Anal. Genet, 1, 327- | i theselectable
marker can bePpVEaHCs T SEPHHa E)‘P&éﬁﬂﬂ,ggﬁ%ﬂﬁ%%v%%%%%o@a eﬁr{{gr%%%%%lad by cgtransfection of

10the host celiyand seleciaerbychiiring of the teprofriatesditighapare soBebamislfEAce”.  Control
sequences in an expression vector mayégfgslgggsg&%ﬁg@%%gggtQggﬂg@mr@é goidrol sequences

such as a tran%?ﬁﬁ%%?’ﬁ?%?ﬁé’toelﬁpraisseéquence encoding suitable ribosogle b sﬁ%;,land

sequences, whigleeetedIIBATRANOnIoftrarsirigtRsH SR HATRRAIORT BRE" iment, the

expressigzn vegggrgf@% iﬁ%&%ﬁ&nﬁa&@%%@ genedadaditaarheatadicaeibsessionechiite mTORP
nti

gene and/or to'i ansformed cells. owever,g#g election gene for maintaining expression can
be supplied byeaosvép‘a‘ihw%@ﬁ@fﬂﬁﬂ%lm%% sjstems using eukaryotic host cells, Suitable
vectors generally will gQpigincacapticonnosiginmos Teplicatitaic tordisminme ity ratRasdteciors) and

control Sequens%?:étggihég?y%g}engd%r{\s/g%lﬁrc?é?c WSS ecute (e.g. DNA or RNA) which is transcribed

(in the case of DNA) and translated (in the case of mRNA) into 2 polypeptide in vivo
25  when placed under the control of appropriate regulatory sequences. The boundaries of
the coding sequence are determined by a start codon at the 57 (amino) terminus and a
translation stop codon at the 3° (carboxy) terminus. A polyadenylation signal and
transcription termination sequence will usually be located 3’ to the coding sequence.

For the purposes of the invention, such nucleic acid sequences can include, but are not
30 limited to, cDNA from viral, prokaryotic or eukaryotic mRNA, genomic sequences

from viral or prokaryotic DNA or RNA, and even synthetic DNA.

A polynucleotide of the invention may be a naturally occurring nucleic acid that
encodes an mTORP polypeptide. For example, the pelynucleotide of SEQ ID NO: 1

encodes the mTORB polypeptide of SEQ IDNO: 2. A polynucleotide of the inmvention
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20compatible with the intended expression host. By the term "replicable” vector as used herein, it is
intended to encompass vectors containing such replicons as well as vectors, which are replicated by
integration into the host genome Expression vectors for host cells ordinarily include an origin of
replication, &gremstigedptated upstream from the mTOR beta polypeptid@CH@ifigpseeiésice, together
with a ribosome binding site, a polyadenylation site, and a transcriptional termination sequence. An

expression veetol MeY-sompasANseripianalandiignaalianal soni of seaaaRgscLlisag are DNA

regulatory seqﬁlexces, such as promoter ancers, polyadenylation signals, terminators, and the
like, that provigglfoR fecbpsesikision dsbartsdirps@quence in a host cell. Those of ordinary skill will

appreciate that certain 9f 3QRESRISAHERGATARNRFEHIFRE IQBHRIAERBRHhERIRIENOSS. An
expression vector for use with microbes need only contain an qrigin of r%pgli atioggggc%?{wized by the
reff,

host, a promot@PaHat WAIFFARERRSH IR HESE ARG AT SEISTHRIT LS, o leorkqhoRh &% bromoter
sequence’sis abNforegulatarny 6eeien trpableel hindingRNAPHymeraseinfaraely ankbasitiating
transcription of a downstream (3', WO 2008/132494PCT/GB200 548 direction ing sequence.
For purposes 3? a‘é‘”fﬁéﬁg%%‘%}éé‘%%‘i‘? \‘/’é%[i%ﬁ?%ﬁélﬁ R0 e@%é%%@gé ?s%r gg%ﬁé%'cf }zf%%c):%sively) atits 3'
terminus by thevtiatiscriptiendnitiation sitéinandiéstantsapsBEAMISiréctiony trirhadessd minimum

number of basgs, ﬁ{ﬁ%ﬁmﬁmw%?émmm G HANSG RtOR AbIaNISysteciable, 80y,

5background. Within the promoter sequence will be found a transcription initiation site, as well as

protein binding:tisaTaAbs HeRFGrigiBIaTro Pl BNt O RN Ay e Hee eiemabticBPomoters will
often, but; Hot alvays: CRRIAIR, TATAnRaxas angHGA I horgsGennrenls ysestproysatrssare derived
from polyoma, bovine papilloma virus, 1%{%% t _%galovirus, ithei mu ine or Qum , Rouse
sarcoma virus, "AHEREATGECHAE SRS @b&g) E’)ttﬁg}e%gﬁT% §EGUERCES TS G fminator,
polyA, enhancesigieptiipl HiCaBoriBaqUe hcesticalariisaibesubedpfrrexipngSsiorevector is constructed
o that the mTORP of daiANG ROVRSRINGSAUDY.SadaNce S IaPRIBd NiNBaaetaIIRRe

appropriate regulatory 15 sequences. THhe positidhing and orientation of the coding sequence with
respect to the beormrdirstgddntdsis sldhltimthhert Buing Swgpresred 1etaHsbABSI &R étranslated under

the "contral" of {hig, CODIG) SRALRNCES | E=iRINA palymerasenviichibindsde shadA melgeule at the

control sequences transcribes the coding sequence into mRNA. The control sequences may be ligated

to the coding sekfiesist brisrabirdsidaanelabeisroseghlirsid the e tHing e 8 Breviously
described. Altesrpativelys Helcoding ananesotary he:cloted -disettyinie kngkpiedsion vector, which

already contains the, contro ences and. an appropriate restriction site. If the selected host cell is a
mammalian ceﬁ??ﬁ%dggﬂt%ﬁgﬁﬁgﬁgggc %Onlgeecﬁg)tge{%%%?blfss%%%cr:ﬁblo%roﬁ{sartnopetiﬁgl MTORp or
derivative polypaptdeschaikgzsequadcettmBERE Kddimgeseyuenck warbbeseittiecgentsitic 25 DNA

containing jntrons or CONA, | - in &, 1he cading sequence. This
sequencég' %ncgl 3’3";{5%%%%‘53% g,%%ar%%%%{t;g %1)6(E %%}%%%%%ﬂg ?ﬁa%%{jr)ects the polypeptide to the

cell surface or Resriehs theohdE308) 13 ke RFeRE R ensoRfpe phdbers theesitpatlen ks, This signal
peptide is clipneg,fiioy.4he hest salbbeloredhe aiotaiplanves thenalseli Signalsegiences can be

oundsosocied < Vel T R o OIS o e
heterologous pibtems)ite bieiserietest40th the media (see U.S. Patent 4,546,082). Further, the
alpha-facigr and its apalagR 0FYe RIS AGIR PEHR RNRISTAIEPHR RIS [RMA riety of yeast

preferably determined by BLAST (Basic Local Alignment Search Tool) analysis using

the algorithm employed by the programs blastp, blastn, blastx, thlastn and thiastx

(Altschul er al. (1997) Nucleic Acids Res. 25, 3389-3402 and Karlin ef al. (1990) Proc.

Natl. Acad. Sci. USA 8§87, 2264-2268, both fully incorporated by reference) which are

30 tajlored for sequence similarity searching. The approach used by the BLAST program
is to first consider similar segments, with gaps (non-contiguous) and without gaps
(contiguous), between a guery sequence and a database sequence, then to evaluate the

statistical significance of all matches that are identified and finally to summarize only

those matches which satisfy a preselected threshold of significance. For a discussion of
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WO 2008/132494PCT/CB2008/001548 as Saccharomyces and Kluyveromyces (see e.g., EP
88312306.9, EP 0324274, and EP 0301669). An example for use in mammalian cells is the tPA signal
used for expressing Factor \Mk light chain. A "heterologous" region of the nucleic acid construct is an
identifiable segmerst3oda nucleic acid within a larger nucleic acid moleculthasisasobisund in
association with the larger molecule in nature. Thus, when the heterologous region encodes a
mammalian gene, the gene will usually be flanked by DNA that does not flank the mammalian genomic
DNA in the gent¥ié BTt SEPLE HRG AR ARbIFEIER ATES B 1etdibRg 6é DothRBSequence is a

construct wherethe¢ oding Ses|Ugvce2iselids RokLOTRYBHRAtuEe Lot CONAMWREre the generale
coding sequence contain§ rrggons or S)énthetic seqéiences having codons different from the native

ains |

gene).  The VAEIBFE AN SXprasaitn cadddiids Sy B SrEs APV Erftio iy B¥ ddministered directly
as "a naked nudgﬁa&@&&nsﬂh@ﬁ'ﬁmmgmﬂmﬁ@s agmﬁﬁg%ﬂwkéqgeﬁem;pmﬁesﬁhﬁmogous_ to
the host cell genorasAsisedareiR (e (e I8inaked NA iefeis g a vestor sych as g plasmid
comprising a polynuclectide of the present invention togethér with a short prom% er région to control its

production. It isEdladridres: Dirpopeshitesthis eclirO 81 8M6E omtied iferilipidelivarfl 98hicle. When

such a vector enigrssanflostaelksuok 83@ epdaaryoticocell ihaRipieinsihencedes dre transcribed and
translated within the cell. 20The vector of the invention may thus be a plasmid vector, that is, an
autonomously TR S r-HomERITRS QYL HEU RS KA AT IRceina Reidatively, the vectors
of the present ifgtition may be introduced into suitable host cells using a variety of viral techniques
which arellénown in ttlﬁo? tléss%ght}%ssgor%x?rg _I& iri;fee %qrﬁwithtrecofr%)ripant viral ve%t/ors Sléch as
retroviruses, herpes simplex viraes Sahd Aaanoviruees AL Shdhtafve o AT &5 %%iposornal
preparations carpaiternasivéipbetidecs idoddliver, the ruekicaricimotesuteshbighesidwention or the
nucleic acid malgeles:of the.presanLIRyeRiionmay.besspcansylaled; adsomed ip, of associated with,

particulate carriers. The present invention further provides cells that have been modified to express a
30polypeptide BR#HBS RGBT RALNLES Aot el QTid e sreatiprhantit e Higansrenéothat

encodes a polypeptide of the presentinvention, .Th t.eelligan be either prokaryotic or,eukaryotic.
Eukaryotic cellépe usegd?l’ for ex F;((rages(%ion of a pro?tetlsnao?}'%?in%/gef(ntigr?sét?ggn%? ﬂﬁ?&g&uggy}}éﬁrgldas the cell

line is corhpatiBEPWthtcShe tiuranfethpiktaritivempaitennith shenpropagetizmotttd eXpression
vector and eXpé?ﬁ&%n%&@%@%&ﬁé%@@ﬂ@%%&ﬁﬁﬁhﬁ ;%@e%wlggt- Ryehgglls include

transient, or preferably stable higher eukaryotic_cell lines, such as mammalian cells or insect cells, and
lower eukaryotfOTEHE AR PRTHE LIRSS, BYaHshisdeiRAR St OHELRC SREIARILYE; Wiss &8 Aot limited
to, yeast, inseciandawenGAsHa Cells cpeefatahauertahr arrcellssych@ssibaseiiam amaisse, rat,

equivalent settings in protein comparisons are GAP=8 and LEN=2.

20 A variant polynucleotide may differ from a sequence in the relevant
polynucleotide by up to 3, up to 5, up to 10, up to 15, up to 20, up to 30, up to 50, up to
100 or more mutations (each of which may be a substitution, deletion or insertion).
These mutations may be measured over a region of at least 30, for instance at least 40,
60 or 100 or more contiguous nuclectides of the variant, or across the full length of the
25 wvarlant or the polynucleotide from which it is derived.

A variant polynuclectide of the invention may hybridize with an mTORB
polynucleotide, such as a naturally occurring mTORS polynucleotide, such as the
polynucieotide of SEQ ID NO: 1, or the complement of any thereof, at a level
significantly above background. The signal level generated by the interaction between

30 the variant and the original polynucleotide is typically at least 10 fold, preferably at
least 100 fold, as intense as “background hybridisation”. The intensity of interaction
may be measured, for example, by radiolabelling the probe, e.g. with **P. Sucha
variant may or may not encode a polypeptide of the invention. Preferred molecules are

those that hybridize to the complement of SEQ D NO: 1 and which encode a functional
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5monkey, or human cell line. Preferred eukaryotic host cells include Chinese hamster ovary (CHO)
cells available from the ATCC as CCL61, NIH Swiss mouse embryo cells (NIH-3T3) available from the
ATCC as CRL 1658, baby hamster kidney cells (BHIC), and the like eukaryotic tissue culture cell lines.
Preferably tReocsidiz4sdlected will be one which is not only stable, but aRSor BRI rture
glycosylation and cell surface 10expression of a polypeptide. Expression may be achieved in

transformed oorc(){t?s. @c%tgé%gl%e‘@ﬂﬁgﬂqgﬁg %gegggodgﬁﬁ,&gaj&gg‘l@%@&@gﬁgfg'ﬁeﬁon-human animal,

preferably a nfouse.” transgenie no animal expressing a peptide of the invention is included

within the scopetuidimgrmelioies Apdpidahet tibudia sl g 2A06 Kendkinesiethin Xenopus laevis

oocytes or melanaphores: LAY MEOKaLY QliciRsk£aR desuserifaiexaress a polynucleotide, vector or
rDNA molecule encodin (%gql /peptide of the invention. In one embodiment, tmgtgreferred prokaryotic
A ,

hostis E. cofi.  Tra GRS prophecSEir HBSE FHRBTPSOMIERSGtd8 & r or rDNA
molecule of the-presant inventienis:acsemplishied hywelkdknowarbthiodsdhas26: tipically depend on

the type of vector,used.and host sgés(}?mw e&bl\é\/ﬂfs%%%g&%%{%?%@ﬁ '%@ &f prokaryotic host

cells, electropg%’}ga 8 St réatment methods are typically employed, see, for example, Cohen et
al. (1972) Proceiiattaticaat B binkl SEGINAL] Ormain) Sansisrbpiiciziligasspmaise s Citihg - A

Laboratory M%@%Lm%g£%€§?$@%%g9gé%%5@%% RigssnMdth ke gard; o rarsiermation of vertebrate

cells with 25 vectors containing rDNAS, electroporation, cationic lipid, or salt treatment methods are
'lt\;l/pilcé’lgy a;;“gl@#@%g;?é ?g%%%ggé’ Mmﬂ@trﬁiwéaw @ﬁ}%@?ﬁ&glwﬁﬁr@% 9) Proc.
atl, Ac C. .75 miAueRessivihsiransformed:ealls: Hewmgtllis that contain a

polynucleotide, ége_ctl'or or rDN_AomoIecuI; of the é%gs%% i%j}?t@;"} Pf idc?ntifieg k%% mg%l-known
techniques 30MAUHRG RdSETEIMBF L Seld R hale A YA BETs FEE ing from the
i?]troductlion_ ofraly rfl%&‘iﬁ;]‘lﬂf)ﬁb@adﬁm?@j{ mgmiﬁn_, eaﬁxbmmtm;ﬂnbiphptgcﬁm@aihgi@:’@@kdmémﬁe”s fr[())lr\lnA
those colonies can be harvested, nd.their t exami ce of ther

. Mol.1Bighe rentletra mech: 8, eproteins produce
from the cell ageayad e, an.mmniealcal Melhedry SUEhGaILINGSAlthe IpyRmiaRMay be

cultured using routine methods to produce a polypepfide of the invention, or may be use
therapeuticallyobtaBpacytiylerntidalr i@ kiusidheiipesidel of the invention to a subject For example,
cell lines capable of %g{&%iae%%et}qﬁ&; the-e nigR By deradministerac- e assibject.
Alternatively, polynucleotides, e>§5qression cassettes or vect%rs of the invention ma alee administered to

a cell from a sEJEEEEX RS HRYCHRRHKSIPHHBR FRIHUHRE AR S 58, SPHTRBLRIEEY Fol&xample,
methods for theseuive dedverycandd aimpantaiiorkodt tansfommeebheltpintosa Subjgstdare known
(e.g., dextran-mediated transfection, calciu osphate precipitation ' nd direct
rnicroinjeQCQion %{)&, %u%rqe}}s.eg eﬁé%edn ?ﬁgl %%r} &Peaneg%cr%%s ﬁ“g%%g%"gr%s %ggg% ;}eg?eéc&:‘%g%?the peptide of
interest, such amati FORPLor sheanitint potenivading srareete mbielsprddieEaByegtavidhehost cells

ransformed b0, iAgeNPHS Al AeleralanaHs BIASONSWCh e B ieeRiessioRyector
described above under conditions whereby the polypeptide is
active portion of the protein, the fragment will need to be large enough to encode the

functional regions of the protein. If the fragment is to be used as a nucleic acid probe or
25  PCR primer, then the fragment length is chosen to obtain a relatively small number of
false positives during probing/priming.
Polynucleotide "fragments" according to the invention may be made by
truncation, e.g. by removal of one or more nucleotides from one or both ends of a
polynucieotide. Up to 10, up to 20, up to 30, up to 40, up to 50, up to 75, up to 100, up
30 to 200 or more nucleic acids may be removed from the 3” and/or 5° end of the
polymucleotide in this way. Fragments may also be generated by one or more internal
deletions.
Fragments of the nucleic acid molecules of the present invention (i.e., synthetic

oligonucleotides) may be used as probes or specific primers for the polymerase chain
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expressed. The peptide of interest, such as mTORp or derivative polypeptides thereof, is then isolated
from the host cells and purified. If the expression system secretes the protein or peptide into the
growth media, the protein can be purified directly from cell-free media. The selection of the appropriate
growth condiionm@idamitial crude 20recovery methods are within the skilPOfrth@2asg/o0154€ransformed
host cells are cells which have been transformed or transfected either with vectors containing mTORP

or MTORI3 derlyalive priypeptids neading Audleic G Hisusspressed BolieRlidas may be

secreted into the Cuttu pernatant, under the control of suitable processing signals in the expressed
peptide (e.g., Z5hbmologdescen hetdrSlogoihcsigrhbsbeaifeb Geimiapes i Bakn Mg ansformed” by
an exogenous g, haterologops.mugsiv atisludiensuanydeisaditas. eentioradesed side the cell.
The transforming nucleic acid may or maﬁ/ not E& i%e rat%qpq(%co}?@%ntéy Iigﬁgﬁdga}]n%ga%ﬂrogéosomal DNA
making up the ‘EHoHE BRI LB IPERE ot A5H SR RIS e trirefSiming nucleit acid 30 may
be maintainedyppranepisanpketementsoth asasplssrickvrofiraivectof cikdthrespdetdhetikaryotic
cells, a stably transformed cell is gne in whic h@e [ come, integrated into a
chromosome <6 th&t'1t7S ‘i‘ﬁﬁ%‘%f@éx bs)? a%ng%?gﬁ%eﬁ%%ﬂ%ﬁéw %%@r%%%%@egfep%aﬁqn. This stability is
demonstrated toybikitl dlvilityropittemadifigdesie 3 bu e prdencd epbodingnbagietlRéryditc cell to establish
cel lines or clopeg, camprised.elaAgpulaleeskdasbiateals.conialeing (hadmnsfamiag nucleic

acid. As used herein, a "cell line" is a clone of a primary cell that is capable of stable growth in vitro
for many genethtibhal Asrugsatiférein, nucleic acid sequences display 5"substantial identity” when at
least aboy 85 percery (pefeiakly atirast-about 9eyaieertprare:priterakldiieadtialiout 95, more

preferably at least about 97 and m@g& &Cferabl at least abogfeg percent ofighe nucleotides match

over the defind@Erfth R HRESRY SHERIEe L G fiRHcas that are stbstantially identical can be

identified in a Seutherpdideddizatonvenpetimeeuydbesfordaamplog sringdatesiditongas defined

10for that particular system. Defini ropriate hvbrigdizatio;congitions isjithintheskillof the art.

Higher eulcaryiclftiéc %3‘% *caﬁl%ﬁgg?brﬁrgé}%gbgg&ﬁge%g}ggpress the 'E.ré)teinsl(tof the present inventio%, whether
t

from vertebrate otdhvettapratewdlSoiddodmgHatueiBreand tHerlo SEHIEISHBFGEAYERGH thereof are
known. 1§5Prog H&“%q%&fth@M@%%i%%m gk ENANlQleedigy recobitgnr@sent invention

further provides methods for producing a protein of the inven,g%on,usin nucleic, acit mo!{ecules herein
described. In geRiedseiab 28 SRERIRBAONA FEEGMIMEMT S?fhe%fog W(ﬁ%ﬁlﬁ’ BHicay Mvolves the
following stepsse2@Eiis! fa Bipelgit-peid Malesuiaisrthtainad thaténdedame. protéiermbthethevention,
such as a nucleic acid molecule comprising, ¢onsisting essentiall r ISt nucleic acid
sequence encdj&ﬁibe%ﬁeﬁﬂqﬁ?gsa(@iﬁo%ef %‘éﬁ%ﬁ?@%%&éﬁ%ﬁ%ﬁ i Ijé::?e(tzaft.q %%%%%gl,%ée&%&cleic acid
molecule is themiprefenabiyi prasidiinsopeiai ohinid gstuitiosuitalE Bortrbl N ARicit8€8118s described
above, toJoul, gR.expessignnlcaniainino e R simaRan ARG kamen iR dgsssion unit i

used to transform a’suit ost and'the transformed host is cultured under cgndition%guat allow the

production of the recoRbinieiprstdimatssalsn Alyh & s DRI SRR AL FE SRERAHIH the medium

or from the cells{RsaVeRLRAsHRLIficRliomak ieRaieiR fhayRebhe nacessaryuinsacietistances

where 3080me1£2)%£ Iitf‘let%gn a?tyartl)g ggxller[%%ei% be employed with the encoding molecules herein

described. Suitable labels include, but are not limited to, biotin, radiclabeled
25 nucleotides, and the like. A skilled artisan can readily employ any such label to obtain
labeled variants of the nucleic acid molecules of the invention. Modifications to the
primary structure itself by deletion, addition, or alteration of the amino acids
incorporated into the protein sequence during translation can be made without
destroying the activity of the protein. Such substitutions or other alterations result in
30  proteins having an amino acid sequence encoded by a nucleic acid falling within the

contemplated scope of the present invention.



Each of the foregoing steps can be done in a variety of ways. For example, the desired coding
sequences may be obtained from genomic fragments and used directly in appropriate hosts. The
construction of expression vectors that are operable in a variety of hosts is accomplished using
appropriate waplie@isand control sequences, as set forth WO 2008/132484E¢B#65/89068/001548
above. The control sequences, expression vectors, and transformation methods are dependent on the
type of host cell used to express the gene and were discussed in detail earlier, Suitable restriction
sites can, if niieatarn Al ai2laEiet be added to the ends of the coding sequence to provide an
excisable gene to inggk iptonihesaivecitrbe Anskilth artishn pranifsgdily: 3689t g hstexpression
system known in the art for use with the nucleic aci Inye ation $enpatiaa
recombinant Sﬁ@@ﬁ?%rﬁ%%ieegx/%%‘g?ﬁgp%%gépo ga%lgn%& gﬁﬁgﬁggﬁt ir?\?é{ntion are antigodies
immunoreactivek6witi mE@&ets (MTORP). In a preferred embodiment, the antibodies are

_noreac_tivg_ with mT_ gg&éggﬂggﬁ{m%@%%ﬂ&%a}ﬁmmmma@am Qu_’@l‘éxhﬁgined by
immunizdtion of suitable'mammalian subjects with peptldesgﬁgntalgiggjéﬁgn.%ﬂl%g gions, those

portions of thehptoteitrimteribretsr BRERRy s A 57 & T id R T e may be polyclonal or
monoclonal. 18Antihedieswdichbinddeiiba actiurisiledof mIQR Yetacdsderaspsipssed in the

invention. In one embodiment of the invention, the antibody binds ja:the active; site-afdml OR beta that
phosphorylaté?hﬁgiﬂii‘?q}?%ﬁ&wgﬁm%tehﬁtagf 1(‘eal}rglvelﬁit?f‘)n, the antibody bi?l(ds to'the active site

of MTOR betaiaai-phesnbangatas Sidiohy dfratwniald Smbudirdeg HEERTBOEEINGS to the site in
mTOR beta that leads to,t induction of  SPEESSIQhce | hodiesicapallepeisnbkibiting the
activity o}fothis'%%%‘? PHRS | so‘%ﬁ?c%rﬁ%%%’ge%% ?ﬁvﬁ%ﬁon.m wﬁgﬁbo gi‘es are refﬁ%{eed by
immunizing suitaile! seanemaliandiostsairnsnsrsHRz e Iint AR ETbo LFs TEHE e Peptides,
polypeptides, ggﬁf%agégﬁe%é'l%ﬁ%ﬁpgm ASsushias FERBbRiadsiTRRR ) eanEnts and isolated

e

binding partners, | are of sufficient length, or, if desired, of. if regui ﬂﬂ?@h e
imrnunogenicityyeeskioeritdreterdNeEIIe AT R ERS ONFEHRE &S fyoore {lésgrfr%ér%munoggr%% conjugates with

carriers such gg,bpvinggeyn albumin (BSA), keyhole limpet hemocyanin (KIR), or other carrier

proteins are well'’known in the. art..In some, circumstances. Eﬁ%ﬁ‘?ﬂéﬂ%' Halgnfar38axample,
carbodiimide reagentSHnAYHRCEHT {{W ?"'iﬁiaostr?grﬁlﬂﬁ&raeﬁec?eé inking reagent?\z/g\/ell known in the art, may

be desirable to,psa\ide-astessibilitie toltivh raptdes e apreaisepipesiiiprd fdifed at either the
amino or the carbo%terminug With S 5ysicingG 5%?@&%@&@%@@%@%%&5&%%@@dues, for

: SEQUence, > )
example, to falifitat w?l%ng foa carrier, Administration of the immuno ens |sax%on_dy%5§g generally by
injection over W@ i2008/482dSARTTREITDSIBOTESAR E SRR GRS Petiod AndFith Use of suitable

adjuvants, as ig geperallyindersieodintberricBuringtbe ammerizatiicsihedebletiérs of antibodies

are taken to determine adequacy of antibody formation. ..  Anti-pentide @Q;Ei@?ﬁiﬁ?o?%” be generated
using syrifeticHEPRESSSEHT &mﬂﬂ’@‘ gf%l?‘e&%é%%ﬁren,a% Y& car Eg)ixy ter%ninal 15 amino acids of mTOR

beta (NTORP), AnfigasiestviNdaintbto the phosphorylation site on a Idnase can also be generated

and include antibodies which bind to the phospk: ionssite. o the MR RetadmidORP) protein.
Synthetic peptides ca fi&é%ss“%arﬁ% gsseftt%%xﬁagril}ﬁrgg glg%s_ in length, but are r%flerably at least 4 or

more amino aciﬁ\mmm@dmn@grﬁn@p@gggég @,rget@@ﬂ@éegd)f nucleic acids for further

processing {cloning vectors) or for expression of the polypeptides (expression vectors).

25 Such proteins include mTORP, proteins comprising one or more mutations at any aming
acid residue of SEQ ID NO: 2 and derivative polypeptides, thereof. Vectors comprise
plasmids, viruses (including phage), and integrated DNA fragments {7.e., fragments that
are integrated into the host genome by recombination).

Once a coding sequence for an mTORp polypeptide of the invention has been

30 prepared or isolated, it can be cloned into any suitable vector and thereby maintained in
a composition of cells, which is substantially free of cells that do not contain any

mTORP coding sequence. As described herein, numerous cloning vectors are known 10

those of skill in the art. Cloning vectors need not contain expression control sequences.



10 KLH using standard methods and can be immunized into animals such as rabbits. Polyclonal
anti-mTOR beta (mTORp) antibodies can then be purified, for example by using Actigel beads
containing the covalently bound peptide. While the polyclonal antisera produced in this way may be
satisfactory fwosotaaagplications, for pharmaceutical compositions, use &LHGRaeBItBIFPeparations is
15preferred. Immortalized cell lines, which secrete the desired monoclonal antibodies, may be

prepared using the stapdardmethed:phkohlaiantMitsieinion neificationsmphich effect
immortalization of lymphocytes or spleen cells, as is generally known. The immortalized cell lines
secreting the BELRE SAEHOHERCAFESEERNAT 1R SRR REAy T CHP & TR S Deptde

hapten polypegtideamprotitstdien;2Gibeapprogriatitiviogalizé dhagliauitunededretihg the desired
antibody is idegtified, ¥1eiocelg bg?%téjtuicgd .%{Eh%t%gtggsro 9@19% %og ction in_ a%%grfluid. Of
particular inter S A& 0 Tonal ant ochied that recognliéjt & FKB0 apamycin domain, the
Icinase ddmaielcordiie, reghatdry dempinpTiieddesivddmicmotl oidtlantibddiesareaieArécovered from

the culture 25Supematan; ol oM he.AsFiles SuRRINBaN: FIRNSLSAbia maseelopls or the

polyclonal antisera that contain the immunologically significant portion can be used as antagonists, as

well as the int&epEAtIbHEIe N 9BEWF RiASTRIBEIE LAY PER MNP GPRRESt RuBRPESISEPY, Fab, Fab'
or F(ab’)2 fragments isyafigndpralerable.mplespasialiiriadhpmRpaitssaniaxt; as tags, ragments are
generally less immunqggenic 30, than the whole immungglobulin..  Antigen binding fr, nts such as
F(ab)2, Fab aﬁaim%%%%ﬁ%& fﬁ&%}‘ﬂ@%&%?’ﬁ&.r%ﬂﬁs‘fﬁ% #ﬁ;éﬁ{g}ﬁglﬁ%m ¥ﬁcétq{/g(}iga9t3?£%rrlga§iosn of an
antibody that edimpligertheantigenibindingsiter Antibodied sfaythe hpramdestidaizetheor chimeric
variants of the. WO, 2008/132494PCT/G82008/ Ing., tibodli ss
immunogenic %Nv(ea%ﬁg %ﬁrﬁ)srtgsr’ggl t%gglgﬁ%?égg? ﬁ%ﬁ%@%ﬁ%ﬁ%ﬁ% r?%%ﬁ%f%f%@;%@}%gﬁ% antibodies
are well knowrwirichés aspabecdmitioding o therriiretetoalsd hictodag ftarentisotype dei 8oty pe

subclasses (eig., {9Gk19GL ANl jalif heseantibodies can be prepared by raising them in

vertebrates, 5 in hybridoma cell lines or other cell lines, or by recombinant means. For references on

how to prepare these SFfESHIdEIsEE &I 3 PHRBTOHE O RBER Y PR YA SURPRRSASAl, Cold

Spring Hasbor Rress«ibed The-antibadies ok ingienis iaayusiso heduad Uk, asibgeurrent
technology, by recombinant means ions that bind eii%f
[

. Re ically to the desired regions of receptor
10can also be'FRIIRBEEHIRA Gotek ot RITAEIEs SRt thu ni:iegxo SGudle amgl\%fze ¢

ple species origin. ods Of Treatment
This invention alsshielateftaimethodssfossthe tichnentoia dibeate asyoriatedsiaberrant

expression of %rs%% b?ﬁ%p‘f%&@?ﬂ%%ﬁ%?ﬁé‘%@&&b&i %}‘?H\%Csté\éﬁence, so long as it functions
to direct the expression thereof. Thus, for example, intervening untranslated yet

20  transcribed sequences can be present between the promoter sequence and the nucleic
acid sequence and the promoter sequence can still be considered “operably linked™ to
the coding sequence.

The choice of vector and/or expression control sequences to which one of the
protein family encoding sequences of the present invention is operably linked depends

25  directly, as is well known in the art, on the functional properties desired, e.g., protein
expression, and the host cell to be transformed. A vector contemplated by the present
invention is at least capable of directing the replication or insertion into the host
chromosome, and preferably, also expression, of the polynucleotide of the invention ¢.g.
of a structural gene included in the rDNA molecule.

30 Expression control elements that are used for regulating the expression of an
operably linked protein encoding sequence are known in the art and include, but are not
limited 1o, inducible promoters, constitutive promoters, secretion signals, and other
regulatory elements. Preferably, the inducible promoter is readily controlled, such as

being responsive to a nutrient in the host cell’s medium.
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15amount of an agent, to a subject in need thereof, capable of modulating the activity and/or
expression of MTOR beta. Such an agent may therefore be used in the treatment (which may be
therapeutic and/or prophylactic), diagnosis or prevention of such a disease. The aberrant expression
may be, for Bxamngsiaiittreased expression of MTOR beta or decreased EXFreS3EH UEMTOR beta. A
suitable agent may be selected 20 depending upone whether the level of mMTOR beta is to be
supplemented or reduced. In one embodiment, th Nk dS. @ iRuRitr #TIMEQR bgta. Such an
inhibitor may act to r@o‘ift@eemtéoglrﬁng&tﬁtt%% %%rﬁ%ﬁeta tﬁét is pre%ent, for example l%é inhibitor or
preventing mT@R heiaga expreskion, or profBifsrspieete Rasis ik i 1PetiEte or break down
MTOR beta mRINA of pIote im%%ﬁ'&&zﬁ‘é%%?é%&@@f%%&&ﬁ% teactvityaian TOR beta, for

r
example any agﬁ"(/r?%}n grB Unction of mTOR beta as discussed ab%ve. A Léitable lnhiblig% ma be a
molecule that bifrdshtomeFORIbeia p ke sRteRs RIhc6R EBPAYERTRCS SHitaBie Rhibitor may be

an antibody thathingds te.m] QRibeka -18 Aentherembadinent;thitagentistarn hTORIbtrantagonist.
In another embodiment, the agent is a promoter or acti¥€£gg gt rpegs(%& Qg}i@er 3£d§%é€%‘§i@ agent may act
to increase th&akBYHICGFRIPETRBEA B B A ER praseht For example, the agent may be a
polynucleotide;¥aeiofudiPNA dpohyiesitidesor Tigstad dibds e Sevibed HepemE e g dreshEPact to
increase the life span of an mTOR beta mR] lypeptide, for example by increasing the
resistance of tﬁ%“%ﬁﬁ?&t %ﬁoﬁ%ﬁ%’* i :le% ooé%rg%a%%n' processes within the cell or org?égism. Such an

agent may act to incréasersuha peD8le 3PP ETGEIU0B PRI RAB Th R LG L RS Pof mTOR

beta, for gxample, i ACIMI A1 UNCIpR PR be e plsiosesabaigtion ackn effective amount

of capable of modulating™thie activity and/or expression of mTOR beta may,be an amount which exerts
a suitable effetragativseibEr Keféns. 5c8F eBIFIE & @&ﬁ&ﬁ%%ﬁ?& Cn%lé Rp aﬁ?‘gﬁ"%}' A

anm eta inhibitor may
be that which is sufficientip.exeraminhibivekaiiactomdoactiActmEOR betacrnisffective

amount may also be an amount that is effective ta inhibjt the _proli To]alo} g&{@gg% ting aberrant
MTOR beta ex3Fe&8RT Bh 6 "éﬁﬁ%eoﬁetﬁ%gsgpﬁﬁgnn{l%ﬁ% ,'tk%géi?égeasse%ssociated with aberrant

10expression efiA TR Metiscancepidatudingdlinptsimided o rprostarsth s Br@4st cancer,

multiple myeloma, lung cancer, nonsamalk selllung satsinami: fenacansRiolverganaest pancreatic
cancer, sf(n cefﬁ%?—fﬁ cancer o? the eagl or neck, cutaneous or Intragcular m Iaq)gf;na, uterine cancer,

ovarian cancerugctattanbemiree PHIGRerRItE, it 2stBrRIR PRSI R RB8r, uterine cancer,
carcinoma of the-fallopiag fbes, 1 Scarcinoma of the endometrium, carcinoma of the cervix, carcinoma
of the vagina, ¢arcinoma of the vulva, Hodgkin's Di ea‘i%}tca.cegl?sf t%[feer%(ﬁaéh%%g’ cancer of the
small intestine, cance@’@ﬁ@ﬁ%%%?ﬁﬁé%ﬁ’éﬁ?é&ﬁlg HRETSyrSid giand, tancer of the parathyroid
gland, cancer Qhthg.adrenatolancsraesconnacat abit issue; tafiwer vfctive adibta, BAIESISS the penis,
chronic or acute leukemia, lymphocytic lymphomas,. c g gggggq,@éﬁgg%cﬁgﬁﬁ kahthe kidney or
ureter, reRdl céﬁ%&ﬁ‘&ﬁf‘é’ﬁ?a‘,’ocdé%ﬁ%@gng?‘trgg@ggﬁf%e%a?s%{%opljésms of the centra% nervous system
(CNS), neuroectogiesnat caiCerpspinatiadst mhers agtidehls, Fosh RO BRASR) 4458na, or a
combination of. one of, more, of the foreqaing cancismAARGIGE amhedittntDtsdid methiod, said
abnoonal cell g%ﬁ}ﬁ%"fﬁ ’és%%ﬁgt(rt]}%rgoliferative pliseasel,q including, but nat i it%gste,ﬂforiasis, 25benign
prostatic hyperpfabiaddsiisémdphsemraastihgaral of syRhoYRIEH B Bftheinvention, the agent is a
kinase inhibitogﬁéﬁﬂ&e@wp&x@e’s1%Mn@§@1m&ﬂmwﬁammm1bgmémm DA @ the
invention include, but are rot limited to, rapamycin, rapamycin derivatives stich ag . 9. RADOO1 (Lane
(2003) Ma¥ Ta@%@@%@%ﬁﬁﬁ@iﬂ?‘%@%@?g&}-?7@%%%%35%%@3? 30In pr.agtsici‘ng the methods
of this invention, these,agesisHaayduk-ngetib atgneseicinsystem is that employing vaccinia virus,

which is well-known in the art (see, for example, WO 86/07593). Yeast expression

vectors are known in the art {see, for example, U.S. Patents 4 446,235 and 4,430,428).

Another expression system is vector pHSI, which transforms Chinese hamster ovary

30 cells (see WO §7/02062). Mammalian tissue may be co-transformed with DNA
encoding a selectable marker such as dihydrofolate reductase (DHFR) or thymidine
Kkinase and DINA encoding mTORP or derivative. If wild type DHFR gene is employed,

it is preferable to select a host cell, which is deficient in DHFR, thus permitting the use



combination with other active or inactive ingredients. The methods of the invention therefore include
administration of a polypeptide comprising these agents linked to a cytotoxic agent for the treatment of
a disease associated with abnormal cell growth, including cancer. Examples of cytotoxic agents
include, but&@2a6f/1ittited to, gelonin, WO 2008/132494PCT/G112008/FOF5aB2P850 4P onin,
pseudonomas exotoxin, pokeweed antiviral protein, diphtheria toxin, complement proteins, or any

other agent known in the art that is capable of killing a cell upen co agck ith thatcell,  The present
invention alsotébernddi8 oSBT %seéﬁ%r?ﬁlg%{?ﬁﬁggf%ng%posr\lf';,%nsg% comprising molecules

and agents aa@ﬁgp[&gg}_{}@@dmtgmn@ﬁﬁm afdicomgosition qomprising a mplecule of the @nvention,
such a3 & PolynUCleql e CAPTSSon, FAssg nniecRk PalvaeRider aellav:Anthaduas desrbed

above, can be carrie using standar armaceutical formulation chemistries an ghodologies

m
all of which areseadity hwalltblertoltiales A8 ShalRF SKINBE AHISAHE B BRA MBI 1D ei%%’ﬁ%é"itions
containing on %ixl%lrsl@r%% %%H{ﬁ%% thedaventioncandersombined withiane srlemice

pharmaceutically acceptable excipients or vehicles. A%iaré{gs;;ukﬁtances such as \%et&ng or

emulsifying agetsspHHpurferiAg SUBSEHBY ARETHE | BEPTESERTIN the excir

e excipient or vehicle.
These excipieis¥ehiclesapeawsiliay substahcesaracgensialisegharnmoeutiSarigents #hat do not
induce an immune response in th%x]i% irgfdg\éig,%ﬁﬁée%ﬁﬁ‘é}%ﬁ&@&j‘%ﬁ@%@@&@@ke@ﬂﬁw%Wy be

o L2 ) . ! )

administered Wifigdtu eptB%'t nnaceutically acceptable excipients include, but are not
limited to, liquiglsswchas spteteSatineidetytiny fenalie, #iy MRS AET CHiTEETEIERE Bthanol.
Pharmaceutically acceptable, salts ﬁ’l. yded therein, f@@@)ﬁ@f@memmhaaﬂﬁalts such
as hydroéﬂIoriaflflagsmhsygrg %%ih;s ecs?j€ %i%gﬁ%gés%lfaté%gr@ thee like; and 20 the sfalt% of organic acids
such as acetates, propiohatesgnsalen e, GERFORIRECHATTIE UK IHESHEH AR sion of

pharmace utica#@%gﬁﬁ@@[ﬁﬁéﬁ@kﬁﬁ%e‘é%ﬁ&@ as anghacdinnsspbstances iscmeailableddiBernington's
Pharmaceutical Sciences (Mack Pub. Co., NJ. 1991). The jr sent[ir}ventio%rigg further provides
o fgl g)

compositions coHRisIRPEMBREMIRDSES 4adSPBET E SR SU R AS a{feﬁgﬁlpeptl e of the invention,
e.g., MTOR beja, k. ¥arantareervativertbasaibadiand;hereiSeitible ailokres dBAE dqueous or
non-aqueous solvents or a combjpation thergof, and can w lonal.gRmpoRentsy for example
water-sollible §§l€§%%$§88r‘8lﬁﬁ‘§l‘act8r%ﬁ %@ SheStabi |§/{F§£Ilubili'ty,gaéctivity, and/or storage of the
protein or polypeptiden38 The: pharwmaesulicatiectivpasitiofonTagiziribies ARFFREIWHEIAOS, or consist
essentially of one qr more agents capable of n Mgges ity andignexpresstan alin TOR beta
and a pharmacsé’é}f%ﬁﬁ]yg XécseB?é??i%vé%??t’%ei‘f%s‘ﬂ%%ga compositigsﬁ may. c_o%n%rise an %ﬁ:?t tosge
administered as part Siitbleragseut ErnetHb i PRIAVEH TN SR JERBIRS 84 TR T Fhaph

pharmaceutical
compositions Ofltﬁgn%%é Linventionymay < RAOBEL324 MR ke B2OAE/B0b4R dentain suitable
pharmaceutica”y acceptable carriers comprising e cipiegits %n(%l auxiyargfsbt#ga %(ﬁg'}t%qlpggcessing of
the active28omponestins Phepa st rarEatPe e I SHAFAT tiRally for delivery to the site of
action. Suitable,fonpuiations-fiaePesenterapadministsatiomincigdechgusiusseiBhasolfieactive
compounds in water- 5soluple form, for example, water-sol salts. In addition, suspensions of the
active compou%@%ﬁﬂﬁﬁﬁé%l? fﬁ%% %@%ﬁgegﬁg%r%%%y be administered, Suitable lipophilic

solvents or vehicles irelyeedattyveitoridpexeisits subaridydncudepnmrage phiy e 8idrs, for
example, ethyl ;grlgz%toeté? o AUMGENIAES A AUSHIBRIORA polypeptide coding sequence, together

25 with a ribosome binding site, a polyadenylation site, and a transeriptional termination

e
1

sequence. Al expression vector may comprise transeriptional and translational control

sequences. These are DNA regulatory sequences, such as promoters, enhancers,

polyadenylation signals, terminators, and the like, that provide for the expression of &

coding sequence in a host cell. Those of ordinary skill will appreciate that certain of
30 these sequences are not required for expression in certain hosts. An expression vector

for use with microbes need only contain an origin of replication reco gnized by the host,

a promoter that will function in the host, and a selection gene.

As used herein, a “promoter sequence” is a DNA regulatory region capable of

binding RNA polymerase in a cell and initiating transcription of a downstream {37
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suspensions may contain substances which increase the viscosity of the suspension. 10Examples of
such viscosity increasing substances include are sodium carboxymethyl cellulose, sorbitol and
dextran. Optionally, the suspension may also contain stabilizers. Liposomes can also be used to
encapsulatewgezeigaitfor delivery into the cell.  Pharmaceutical compBSKiER38$ &S itfvention, such
as those comprising one or more agents capable modulating the activity and/or expression of mTOR

beta, can be 1@9&%@55&@53%g%&q{&nt@@lp%gw@mg@ﬂﬁiﬂ@%\@ﬁm,ﬂﬁﬁ@tﬁng,sﬁwar, intraperitoneal,
intrathecal, intracranial or transdermal or buccal routes. F gexam;l&a&ea ent may be administered
m

locally to a turRETBPHRESHERGF %@Pﬁﬁfﬁ@@ﬁsﬁé’ﬂg)eaﬁ&se si5 EiohT,

roinfusion: ﬁ%rnatively, or
concurrently, agrmisiratiommaydaashypthe-arab raite:iibhptddedgécdtiministeretnwiltise dependent

upon the age, health, alnd wg#ht of trg; &g%l %%%%ﬁ?%% E‘%%EF%%%@%QC any, frequency of
|

treatment, and’ & RAMUIF B HE EHete dadirad: le individual needs vary, determination of
optimal rafige$afiefiectiveVdhoutits pboatt somponent ioithrithEZIGH BT BHADESEGes of an

agent capable of mady E?x%%‘ﬂ%@&%@u?a@gé‘}&%éeéﬁ%iﬁ} al-pTEORLetRIAhE prRsARL invention
25typically comprise about 1.0 ng/k%body weight

_ to about 0.13 1 ;\}?/kg??pdyrweigh;égﬁge
embodiment, doiagesioPemaiantelodsie BrRsHRIRRy TRty ZhdPSFEXEEsSidn of mTOR beta
comprise aboyiLQ ng/kg body weight to about 0.1 mg/kg body weight. In a preferred embodiment,
dosages for systemic administration comprise abput 0.01 ug/kg body weight to about 0.1 mg/kg body
weight. In another en?ﬂ&%mﬂ‘é%?%%??8‘88@5@%%&%"%&8{‘% a ﬂ%g\éﬁ@fﬁgﬁhgo%aevalﬁ%ity and/or
expressian of NTORKeiaaaplisesiass thairaboutGa: mBkgbodsoweighitsMdeaprieférred dosages

fo systemic administaton,somjpise Aoy LalkaLbAGYNEIGNS 10.A8RULR.G510g/kq body vieight In

another preferréd em ment, Sage of an agent capable 6f modulating the activity and/or
expression of mib@Rebetazounifirren|estenass BRI G5 WO 2008/132494PCI/GB2008/001548

mg/kg body weight. The [postareferted dospgesden SysiamiS:aTUNS AR Gamprise between abou
1.0 ug/lcg body weight to about 0.01 mg/kg body weight. In other embodiments, the amount of an

agent capable wfiyepiidathegitec ety BrarsraipibesieiGrRMAR BRLHHHAATGUARY s an amount

effective g bring the conesetiation,ehanrRos:caRabie Gt mankiaingdhe activitsgndiortexpression of
MTOR beta in the serum to a concentration of gbout 20.0, 10,0, 5.0 %%%6%%5 é%thlZS, 0.156,

. .6
0.078, 0.039, CYIPIGBLBOH5 6363 B¢ 1HEHEECH 5O53°Ft aalwpaliﬁe preferred
dosages for dirgetasimislistidion databiie;wadcro; Riusipnl pompsiseltichdodstodyevidight to 1 mg/kg
ion.for sysiemig adminjstiation aceerding ig.the invention

o e e AR oGOl e
may be formul§t&d 161 en eraﬁ, parent%ralll, or toplcgl administration. Indeed, all three types of

formulations meniel ysgeeminsuitanbolightad tadhiesasivgsterHia IS SGH ISP R St Shgredient.
AS memi%ﬂed Q&‘J&V% 218 %m%é«%m&g%ﬁfvmﬁsm%@émdmmﬁ@ﬁﬁ@wmﬁﬁ@t&@&ng sequence
can be cloned directly into an expression vector, which already contains the control
sequences and an appropriate restriction site. If the selected host cell is a mammalian
cell, the control sequences can be heterologous or homologous to the mTORS or
derivative polypeptide coding sequence and the coding sequence can be either genomic
25  DNA containing introns or cDNA.

A “signal sequence” can be included before the coding sequence. This sequence
encodes a signal peptide, N-terminal to the polypeptide that directs the polypeptide to
the cell surface or instructs the host cell to secrete the polypeptide to the extracellular
space. This signal peptide is clipped off by the host cell before the protein leaves the

30 cell. Signal sequences can be found associated with a variety of proteins native to
prokaryotes and eukaryotes. For instance, alpha-factor, a native yeast protein, is
secreted from yeast, and its signal sequence can be attached to heterologous proteins to
he secreted into the media (see U.S. Patent 4,546,082). Further, the alpha-factor and its

analogs have been found to secrete heterologous proteins from a variety of yeast, such

30



15may be used. Any common topical fommlation such as a solution, suspension, gel, ointment or
salve and the like may be employed. Preparation of such topical formulations are described in the art
of pharmaceutical formulations as exemplified, for example, by Gennaro et at (2000) Remington's
Pharmaceuti#a 8¢iersees, Mack Publishing. For topical application, the caipasiticrsgesuid also be
administered as a 20 powder or spray, particularly in aerosol form. In some embodiments, the

compositions of this jnvention may be administered by i I [ tign-therapythe active

ingredients mﬁi/%’é qgﬁaéo%‘iﬁ‘ifoaﬁl%é‘eﬁ’é‘iefgrn%?ﬁigﬁ%etr%%kirr%fyé rr%%grge%?d%g!%ﬁhaler’s or in a form

suitable for a dBy pERtesinhalenitrfansthemembodiareri tHe befosigon s sdisurEplesiie

administrationrgbg br%ﬁ}ei%ﬁ\éﬂgﬁ. 25Suitable formulations for oral administration include hard or soft
. agior : - .. . . .

gelatin capsules, pills, tabléts, including coated tablets, elixirs, suspensions, S\%léﬁ s or inhalations and

controlled release form&eeruons” TTHECMBOSIIHS Al Ryt GRS TR B therapeutic

purposes can e, tilized i yivanerdinasily-indmaramalscriol: @eigndidmansy skeeptharses, cattle,
pigs, 30dogs, cats, rats, and mice or ex vivo. The in\éent%]é%g%rticu{}asrl useful in.the treatment of
e

human subjectdthe EeaRoswEs BATHE B8R/ 56TS o4& ghciﬁy?%ace{%stsa that Modulate
Expression ang/enAdtivity-aé EQEh&etdl usuallydpiibsiut hyEntisraisdoprovidéeniotethods

identifying (i.e., screening) for anﬁﬁ%n;,tutﬁﬁ%t O%éagg&gg‘ﬁ%%@Méﬁ(@ﬁ@ﬂ@@@éﬂ{ﬁgwity. In one

embodiment P BHBANVERTEGN. the agent modulates mTOR beta expression. In another embodiment,
the agent moduitaies QR bt actvitEeAs dceREBEOF PO EXPRSSERTERITGEACHTY) is indicative

of an agept th%dﬁ@@%?a{ﬂrﬁ% betanAn increase obMEQR QxRassionandisnactiviyis indicative of
an agent that stimulates mTOR beta. Another embodiment of the present invention provides methods

for identifying TOBREHISMHEATEAATAIE AREBRPELLRN 1BP] Hctait aéidehcoding a mTOR beta
(mTOR(3) protein, sugh: 3sfopy iRinhrvingdhesamine atidmesuenoeni GEIDNO: 2. Such assays

may utilize any available means of monitorjng for changes in the expressi vel Aucleic acids
of the inventioﬁd‘ﬁ%@éﬁdﬁéﬁf“iﬁ? &h gdl@{ﬁ?ﬁisn%g%%g %do&ﬂsékfe&%épéxﬁgs‘gg%!% %Cr%&i eis(’:wghgid of the
invention, for iﬂstﬁgﬁl@gsaqaeﬁtek:haaidl_eg_mmmQl&ﬁdﬁ@ﬁi@teimvﬁq@w h_é@&l‘erﬁ}@%téFSEQ ID NO: 2 or
2 nucleic,acid faying REQ IBNQ. 1.L4ds.cepableelha epApraegualngeipressianef the nudleic
acid in a cell. e’invention thus provides methods for the screening or identification, of agents that
modulate the actisit} avantioeEebsion B IORPHERIA FREJE errHaliHyemBRRy EBmprise the

fO||O\|Ning s_tgp%:aﬁg(gg.}%{%\@dm f§ M?ﬁg%%ﬂge?gaéﬂ_ea%eh%ﬂg&j@i(éauﬁmﬁﬁ@m@mpﬁ@ﬂ?e.OM{_? in\(ehntioln or
a polypeptide encoded by a polynucleotide of the invention); (h)contacting said polypeptide with a lest
agent; and (e)BetBétrgahsEHangesheie %ﬁﬁpﬂﬁfﬁoﬁ‘ﬁlﬁgip%ﬁgf%%%s fien 0%@ i

rein a change in
transcribed and translated within the cell.

20 The vector of the invention may thus be a plasmid vector, that is, an
autonomously replicating, exirachromosomal circular or linear DNA molecule.
Alternatively, the vectors of the present investion may be introduced into suitable host
cells using a variety of viral techniques which are known in the art, such as for example
infection with recombinant viral vectors such as retroviruses, herpes simplex viruses

25 and adenoviruses. As an alternative to viral vectors, liposomal preparations can
alternatively be used to deliver the nucleic acid molecules of the invention or the nucleic
acid molecules of the present invention may be encapsulated, adsorbed to, or associated
with, particulate carriers.

The present invention further provides cells that have been modified to express a

30 polypeptide of the invention, such as host cells transformed with a nucleic acid
molecule that encodes a polypeptide of the present invention. The host cell can be
either prokaryotic or eukaryotic. Eukaryotic cells useful for expression of a protein of
the invention are not limited, so long as the cell line is compatible with cell culture

methods and compatible with the propagation of the expression vector and expression
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activity is indicative of an agent capable of modulating mTOR beta activity. 25Equivalent methods may
also be carried out using a polynucleotide of the invention, for example to identify an agent capable of
modulating gene expression, or an agent capable of modulating the level of, or transcriptions of,
MTOR beta WRN®8/13249 method of the invention may be carried out in VAfrd GEMEHIB A method of
the invention may be carried out using an isolated (or substantially isolated) or purified 30(or

substantially purified) pol tide, ernative t caniesl;ontin acellthat
comprises the%%%ﬁ?p%eﬁﬁd}ég%%#‘ e%(%cﬁhlp?@!}géﬁﬁg%met %@”n@a%%?f%me the f_oﬁowing 5&12%15: WO 2008/
32494PCT/GR2008/60 1548:s(approvitingelihocnsett st iR ASRIG FEABIES oSttt Athat

comprises or E??E?@é 3 RelRERIds Al e JovantioR.(susassnelyReRided the: ivestion or a
polypeptide ericoded by a polynucleatide of the inventign); (b) c ntac%rfl)%gaid host cell with a test

agent: and (cpodreaterhny CHarge RaNE WHTRES S Lridt BRIRS i FSRhéptide, wherein a
change inexpigssien aigueractivitids. indigative afiaryagentsapibledidmddutatingamTOR beta
expression and/or activity. A particul ethad m omprise.th lowyi : (g)g)&p&}: g acell
expressing a ﬁi@ﬁe&%g}oﬁﬁl} ea%%ﬁ{%%o% ?h%%%@gt? %ﬁgﬁi%%b d{éﬂilegc%ng_t Jé%péé?l%nge in_eigression
and/or activity OfISiST0lpéphideartrei T chengBlinl expreguidrmanerdrsetvrslis (Rbibdtive of an
agent Capab'ea?fd'lcl?e‘ﬁ%%tégﬁa?@u%%&%@cﬁ%&f@ééﬂ%égldﬁéi%ﬁﬁwxhe celiniape-assayfemreat, cell lines

that contain reportér gene tusions between the open readin%nf_rame of the mTOR heta (e.g. SEQ ID

NO: 1) and anymasshydbienisioly $8pkmther Heayiensiss el aelrersirligt g S5ILHILSSR partners
are knowp,andfeadiy.available ingliding the el erasesgenmand thergahmencoding
chloramphenicol acetyltransferase (Alam et al., 1990 Anal, B(jochem._lll%% Eﬂ.%45=25a ).rgi%lllallgn‘?s
containing the FeisdHePgaie RRTINCEPEIEh B LF0s 0T THERGEAP 8 A Control to be e under
appropriate copdifigrs anedimenRifferantinhexpressionreitne sapptide 20feriavsetivnéh samples
exposed to the agent and control samples identifies i sion of a
nucleic acid erf@S%ﬁ ﬂ/éﬁf‘}]i'li %@Fa.&l%m Iﬁl\aer%l%%r aggéﬁyd%%%% %{Ec}ﬁié 0 glr%%a:gint to modulate
mTOR beta exptpasiad ia Haseohoeeneasuityg thersligmadsivn: of proteins such as e.g., c-Myc whose

expressiolr% is modulaggﬁi as o%x?b {5 g&@%@t&g@@‘or@gp@e& Q%W%@q vebhdglitionah assay
0

0
formats may be used to monitor the ability of the agent fo modulate th%ﬂexpres%on oI.a nthJcIeic acid

encoding a proteiteofitheniedinioRobirey aderp T BRIBERI o ek TR MEITA-dRpRESSER

ssion may be
monitored dire%tllgkgyylaﬁlgq{gg@gignc;gﬂhe nucleic acids of the invention. Cell lines are exposed to the

agent and/or apolypeptide comprising a mTOR befa to be tested under [opri Qrgitions 30and
time and total RNA or%f@ﬁﬂ% 5%@?3@%@%@588@%%0‘? Ufe ok il t%gogsgee’ PP SR

molecule of the present invention is accomplished by well-known methods that
20 typically depend on the type of vector used and host system employed. With regard to
transformation of prokaryotic host cells, electroporation and salt treatment methods are
typically employed, see, for example, Cohen ef al. (1972) Proc. Natl. Acad. Sci. USA
69, 2110; and Sambrook et al. (1989) Molecular Cloning - A Laboratory Manual, Cold
Spring Harbor Laboratory Press. With regard to transformation of vertebrate cells with
25 vectors containing rDNAs, electroporation, cationic lipid, or salt treatment methods are
typically employed, see, for example, Graham ef al. (1973) Virol. 52, 456; Wigler er al.
(1979) Proc. Natl. Acad. Sci. USA 76, 1373-1376.
Successfully transformed cells, i.e., cells that contain a polynucleotide, vector or
DNA molecule of the present invention, can be identified by well-known techniques
30  including the selection for a selectable marker. For example, cells resulting from the
introduction of an rDNA. of the present invention can be cloned to produce single
colonies. Cells from those colonies can be harvested, lysed and their DNA content

examined for the presence of the rDNA using a method such as that described by



disclosed in Sambrook et al. (2001) Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
Laboratory Press. Probes to detect differences in RNA expression levels between cells exposed to
the agent and control cells may be prepared from the nucleic acids of the invention. It is WO
2008/132494RCTEB82098/001548 preferable, but not necessary, to desi§h ProFEL M hybridize
only with target nucleic acids under conditions of high stringency. Only highly complementary nucleic
acid hybrids forHtbheradt oRditidvisloBivh Ak trtiye Rty orBemmtingy, (1%t iByendy of 28-assay
conditions defﬁf@)i&eﬁié*}ﬁcﬁéggt}%@ﬁé‘éafﬂ@lﬁ%@éi%éﬁ%&%ﬁ%ﬁxﬁ&%@&%@ﬁﬁ%&”Uc'eic acid

strands in order to form a rid. Stringency should be chosen to maximize'the difference in stability
between the probe: t%‘r“@léf%/W?ﬁséiﬁéllﬁ%ﬁ?%‘f‘b%%h‘?&ﬁlﬁﬁ%Pﬁﬁﬁﬁ%i‘é‘.m@ wpiliEdtnay be designed
from the nuclein:asids: gbthgsiRuensiondosghmethess oo in-the-aikForinstance, the G+C

content of the probe, and the prohe length can 10affect probe binding 1o its target sequence. Methods
to optimizge prg%}g %%I%%Eﬁhcm V §°re8 ééévr%f %h@eg{;{ai-l a%%regli% 1%‘5%%?83& Eégégﬁeféogf? F ﬁ’o‘%ﬁﬁet al. (1995)
Current Protobots rapdble ofi ke BinlggynBrephidPublishingrCompany): Hvlbindizatibio @onditions are
modified using known methads. s Jnosedescribed by etal ).and Ausubel et al.
(1995) as requiré‘gc for eacl :ngr%%?e;lﬁybridizgti’on%f totg chﬁgﬁggéﬁﬁeét@%@%%ﬁ%%éﬁ%r polyA
RNA can be dB&bRpdmasisaA yo aihbletcmbicforinsmmedho el dbrolamRnea v BNA enriched

for polyA RNAs@ndreraffixsete @@H@ﬁgﬁg%@%@@@r slidysyppactiexRosed: tadlieastqne probe
o1,

comprisinpg at least one, or part of one e sequences of the invention wider conditions in which the

probe wil spe%‘?ﬁf% FRSHETS RitrriLlrahArs SRORIRIC Zeife Sgrrentdatshirielft aPieast one, or part
of one of the sejilengesghthe pruentiaivsan-beaifiidipaselid-suppohsuthdsa paeds glass
wafer. The glass water can.then be exposed to total celllHIar RNA or. polyA RNA from a sample under
conditions in which thé'al %&%1 %%%%eeeﬁ é%s%?ﬁggggﬁca y f/tosrg|§§%a%%p5§%eﬁ§%tr%r%§%d
hybridization swetheds B Widelyvanaitady deforexarhple; those discisseddyyBeattie Am N O

95/11755). By, Qﬁ?‘m!ﬁ!?&x{%ﬁt &béygé/ 91( %sgaj)\f n.Pf, ificall bridize tgo_an RNA sample
from an untregted cell population and ﬁor% a cjh Eo%%%%%r?%i%gélem toé%h%u%%g?w%nagents which up or

down redtilate¥REesiprassion bharbadidhe woiadsn conthirtievhTER hetaohrpestiieriie present

invention also.provides m%ﬁa@aﬂm@%w&%&g%&%% ableastane Activity of an
mTOR beta polypeptide such as the polypeptide of SEQ ID NO: 2. Such methods or assays may

utilize any meafeeafiFabbHRE Shaleeictilg the padlied Abthatxrrrstengssiys seayinchrde detection
of phosphorylgtige:obmERReta Eeteshianelnhase hendation of SeHdsdetectiomahphosphorylation

of 4E-BP1, monitarin i%%uc lon of cMyc expression ar monitoring for the ability of S6K1 WO
2008113240 AP R O oo SO T BB BN 1 4 S SR HRSFE ome
embodirnént ofdhrecipventiods the aativittho kil Rubeta is detected based on detecting
phosphorylation of Pﬁ%é’soi&%hed host cells are cells which have been transformed or fransfected

either with vectors containing mTORS or mTORB derivative polypeptide encoding

=)

nucieic acid. The expressed polypeptides may be secreted into the culture supernatant,
under the control of suitable processing signals in the expressed peptide (e.g.,
25  homologous or heterologous signal sequences).

A cell has been “iransformed” by an exogenous or heterologous nucleic acid
when such nucleic acid as been introduced inside the cell. The transforming nucleic
acid may or may not be integrated (covalently linked) into chromosomal DNA making
up the genome of the cell. In prokaryotes, for example, the transforming nucleic acid

30 may be maintained on an episomal element such as a plasmid or viral vector. With
respect to eukaryotic cells, a stably transformed cell is one in which the transforming
DNA has become integrated into a chromosome so that it is inherited by daughter cells

through chromosome replication. This stability is demonstrated by the ability of the
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In one format, the specific activity of a protein of the invention, normalized to a standard unit, between
a cell population that has been exposed to the agent to be tested 5compared to an un-exposed control
cell population may be assayed. Cell lines or populations are exposed to the agent to be tested under
appropriate Benlighstis4and time. Cellular lysates may be prepared from tRE EaFB8EHeEI fine or
population and a control, unexposed cell line or population. The cellular lysates are then analyzed with
the probe. Aniibady robes canha BeRATRALPYIMIMU KRG -sullabie pgmEelasT basisdpuilzing
appropriate inf zation protocols using the proteins of the invention or antigen-containing fragments
thereof. To entwinceritamionSetitsitomnEwepririsiAsiér fragments can be conjugated to suitable
carriers. Methods for reparingdmmupqgenie cONMORIes ihaay s tuch aspBSdoKiubler other
carrier proteins are well known in the art. In some cir(i;i;érgstances,élgij(riea(‘%tE gn#g&téosr&%sﬂ?, for
example, carbBaiiiide FErEs SRS HHEY BRI AIESH BTREPIRSEARESS IRkmG reagerts Such as those
supplied by PiergaGhamicalce: way beldesitahiedh providéractedsibitets! thietapien. The hapten
peptides can be extended at either the,amino o I%e carbo j i j idue or
interspersed WitH &§/s{8i& ?éege(fﬁ%efé’: glreé%a%%% {eé o' tacili étee%%%t%%ggg%%ﬁgﬁ%%raﬂon of the
immunogens isrefnshigtedgeterallydBypmjentiord &mmi@vié@ﬁ@aﬁﬁé%rﬁ‘é%@wgﬂ%ﬁm%@ of suitable
adjuvants, as 5{ S é%%%e“ %aSEﬁE%QF’ i the art udnosthedmmypizatian.schedslgefitiisihantibodies
u

are taken to determine adequacy of antibody formation. While the polyclonalgantisera rpdudped in this
way may be satfsfabory HoribridappiRaiiaeg leHaRsRERte I SHPFIREIS 648 T¥hanoclonal
preparatigns is 25ntefarredidmmeralized cell ingswhichsesrieribe desinssionstiondlantibodies
may be prepared using standard methods, see e.g., Kohler & Milstein (1992) Biotechnology 24,
524-526 or meHilcatidh&tnich effect immortalization of lymphocytes or spleen cells, as is generally
known. The immortalized celllinessecsttingrihe desited stivodipssdhdirgereeptdby inununoassay
in which the antigen is the peptide hapten, 3 ' ' 7 rigie
immortalized & &ﬁﬁ}gegépgfg%ge heg) %e(eushlr‘éaq %1}{[%?0éjy%%?%{g%{%gg%%gfe[ﬁ?%?ﬁ%%%Itured either in
vitro or by prodiuctionédascitégrfigiation Treedsiedehaidhoclonal antibodies may be recovered from
the culture supernatant or from the ascites supernatant. Fragments of the monoclonal antibodies or
WO 2008/132494PCT/G132008/001548 the polyclonal antisera that contain the immunologically
significant portitig @weibe jessbinanbRrateingusing 20 FINAMOEIS, dies. Use of immunologically
reactive fragments, sygh g dabigrdnabnf episyisesfienhprafénapledespeeiatiytidmatietapeutic
context, as these fragments are generglly less immunoggenic.than [ ' oglobulin. The
antibodies or fl‘éﬁ‘i’ﬁgﬁ{é‘ﬁﬁ%rﬁfgglﬁéﬁ o ﬁ%ézal,eﬁg%sl%%%%ﬁltét%géh%% Sg%}%qﬁféqﬁﬁ%mam means.
Antibody regiopsothatibine apecificaihztoftiven dé siredteaginpisaithey prsteibedal @BesEBFoduced in the
e Ol meras L Lol speciss U AR IR ycIsalon sl dh healically daihe dosied
regions ofthe prbtaih’tan also be produced in the context of chimeras with multlplﬁ species origin,
for instance, = nucleic acid molecule comprising, consisting essentially of, or consisting of the

nucleic acid sequence encoding an amino acid of SEQ ID NO: 2 or derivatives thereof.

v o) )

Second, the nucleic acid molecule is then preferably placed in operable linkage with

suitable control sequences, as described above, to form an expression umit containing

(]
wn

the protein open reading frame.
The expression unit is used to transform a suitable host and the transformed host

is cultured under conditions that allow the production of the recombinant protein.
Optionally the recombinant protein is isolated from the medium or from the cells;
recovery and purification of the protein may not be necessary in some instances where
30 some impurities may be tolerated.
Each of the foregoing steps can be done in a variety of ways. For example, the
desired coding sequences may be obtained from genomic fragments and used directly in
appropriate hosts. The construction of expression vectors that are operable in a variety

of hosts is accomplished using appropriate replicons and control sequences, as set forth
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humanized antibodies. The antibody can therefore be a humanized antibody or human antibody, as
described in U.S. Patent 5,585,089 or Riechmann etal. (1988) Nature 332, 323-327. Agents that are
assayed in the above method can be randomly selected or 15rationally selected or designed. As used
herein, an agéht#sssaid% be randomly selected when the agent is choseR THE&3HINRHO Ut
considering the specific sequences involved in the association of the a protein of the invention alone or

with its associgied subglraigfobiadinadrartiprsseie Baasample-etfandominsatectedagents is the

use a chemical library or a peptide combinatorial library, or a growth broth of.an organism. .20As used
herein, an ageftH&gsr ?8[% FERoA% Sééi@c‘ﬂé%g? 8@% etge\%ﬁ%%afﬁ%‘ﬁ'ﬂfgrﬁ{"?guéﬁ%sghagﬁm

non-random basiiswhiphittdkesinteibacdustdhe Sequencelf theilargetsiteldrdte confodnation in

connection with (he, agents action, Adents san hieRlgual SpieaRd.ontalopaly desinad,Py Ltiizing
the peptide sequencesgti%aq( Make u% ese sites. For example, a rationally selected peptide agent can
be a peptide wittsan 7Banmsibi neith seyUEHSE dsHsHteaiieet knaervatibe ot Brysaretibze consensus

site.  The agents of e RiESeRL BMEPILN-CAL RS paREXePRIEDIRERYASS Peptide mimetics,

antibodies, antibody fragments, small molecules, vitamin derivatives, as well as carbohydrates.
Peptide agents of the invention can be prepared using standard solid phase (or solution phase)
peptide synthegigtmpetiaads, as is known in the art. In addition, 30the DNA encoding these peptides

may be synthesized using commercially available oligonucleotide synthesis instrumentation and
produced recombinarﬁﬂpﬂﬁ%g%tga %%%%%8%@%%3%&}%‘[ lf%?élnaxs%/%/%r%og Wémﬁ%n&ﬁ%ﬁ%%ﬁvﬁsing solid
phase peptide S#AtHERIRIsACRITIRR ih nonefere-entoded-aiminoaticsiareate be included. WO
2008/132494PCT/GB2008/001548 ds o ify Binding Partners Another,embodiment of the
present inventiGHBERARSE THAYRO G4 §|£{1|%eé&|rénfilskoliai géhfégn%éﬁﬁ%fylng ;blal‘% g %gf’%%rg of mTOR beta
or derivative. laganesal catpreiélnyoftinedivaentiof isitdikechwithadi posehttalhiriding paitaer or an
extract or 5fraction of.a cell upder. co%%tljlgnt% 59 &g,%\{l{stbﬁﬁég%m%&I&B@%%&a&aﬁ)g&’éﬁ%yaﬁ“efS

[ tides, ' [

with the proteir?%l}t%%u}ﬁ\?én |(§ﬁ?%?t§e mixing, pe polypéptides, proteins or other molecules that
have become dsseuitietawithle proteddios iy ipr/epticlPrabosapanetiéddtom the mixture. The binding

partner, which bound {9, the RLOGIR.AMHAS ipvenlian.Lcandbembe repaved andiyibaianatzed. To

identify and isolate a binding 10partner, the entire protein, for instance a prot%:g co,mprisirgthe entire
amino acid sedUEHERBf BEte BNesipar aighsHErcaREdhE BYROAN ARG 4R '8P SBBS95'RB: 1, can be
used. Alternatiyely; R feagmanitetinepraRincar belusadisdused hersinf hedtiutationtraet refers to a

reparaon o ockon el Mg o s osK rdsmed el T i spyee of ol
from a alternate embodiment, the antibody binds to the site in mTOR beta that leads to the

26 induction of cMyc expression.

Antibodies capable of inhibiting the activity of this protein are also encompassed
in the invention.

Antibodies are prepared by immunizing suitable mammalian hosts in appropriate
immunization protocols using the peptides, polypeptides, or proteins of the invention,

25 such as mTOR beta (mTORP), variants and isolated binding partners, if they are of
sufficient length, or, if desired, or if required to enhance immunogenicity, conjugated to
suitable carriers. Methods for preparing immunogenic conjugates with carriers such as
bovine serum alburin (ii?;SA), keyhole limpet hemocyanin (KLH), or other carrier
proteins are well known in the art. In some circumstances, direct conjugation using, for

30 example, carbodiimide reagents may be effective; in other instances linking reagents
well known in the art, may be desirable to provide accessibility to the hapten. The
hapten peptides can be extended at either the amino or the carboxy terminus with a
cysteine residue or interspersed with cysteine residues, for example, to facilitate linking

to a carrier. Administration of the immunogens is conducted generally by injection over
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biopsy sample of human lung tissue in patients with allergic hypersensitivity. Alternatively, cellular
extracts may be prepared from normal tissue or available cell lines, particularly granulocytic cell lines.
A variety of methods can be used to obtain an extract of a cell. Cells can be 70 disrupted using either
physical or cherpéeadighsruption methods. Examples of physical disruptionPgiethdiisstaelgee, but are not
limited to, sonication and mechanical shearing. Examples of chemical lysis methods include, but are

not limited to, gdeteraentiysisAnd Snzymedysis Aisllotiarisan can radililadaptmetaads for
preparing cellular extracts in order to obtain extracts for u;gozi%it e preserltaérgetho s. 250nce an

extract of a celf fefre4red, B BRTREALomMAtaa MEn i RIS RVATHIAR OAEEFSnditions in
which associatidsy eddi ef protiesd witkhuiledainding partner can occur. A variety of conditions can be
used, the most preferred being conditions that closely resempbl itions. feund | plasm of a
human cell. Features’%lt?c%e {s%ggs&r%té?fgé?/?% ,%%%%%%ét%ﬁe% %%g}fﬁ%%cqén%%&hlt?ﬁ%%ﬁéfé ;ggﬁ%é% extract
used, can‘be 30Vawiedatopdptimizerbhs assotiatibh ohitteapidteifwiBRHeBitdiigidartner. After mixing

under appronrigiecendiiane g ABYAC SARAISK IR BERAAIE IRMUNGAIKE LanaiEnal

techniques can be utilized to separate t xture. For example, antibodies specific to a protein of the

invention can beludedudbdietnbistebipitaechh olisisriipry jphemeiiconibrosw AR heiriGellC&Bhdard
chemical WO&%%J%%&&%E%&%QQ%%%%&&@@@wmwﬁmm@@atography and

density/sediment centrifugation can be used. After removal of non-associated cellular constituents

found in the eRidEr2HeabiRRhY PARAEEARDLE G SEBEREE ot HHE TP &R Feg “bifventional
methodsf-or gxamig, diseadalienscanibascenplished binaltesinghe:salscapbratration or pH of
the mixture. Tg aid jn separating associat inding, partner pairs from ixed extract, the protein of
the invention Cat &Y e@é@ﬁ%@%@ﬁéﬁbﬁ%{% ?8,&%3”6%&?% a@ﬁ‘%’&@% ¢hed to a
nitrocellulose madkixARL aanyligibeatisiAdtiathnentiafith®pradgiapihia solid support aids in separating
peptide/binding part Opairs from other.constituents found in the extract,.The idenptifi inding
partners can be eithg‘gﬁzﬁlﬁ%ﬁ %E g?gfﬁaoarng S(’%?T%Peil ?ﬁ%égle%ﬁlps of ?W%agrgr%(s)argségr%%?ng?%%%atively,
binding partnersptieeyibesdertifiethasinical Famivesierm wsssel rapusrding Wﬂﬁaﬁﬁt@@éﬁurgs of
Takayamg et al (1357) Meiads Molofih. 09,24 .84 01 RAMISE £t (1RSR duBEnadrol. 77.

991-996 or identified using epitope tagged proteins or GST 15fusion proteins. Alternatively, the

nucleic acid merschfas oripd yainehe faadrrbnbedintipdlsand i Hrg eystedifisntioytast

two-hybrid sysigmihaghesmusesiaideatiiy:aiee prateinasinanpaiksanshealtyeadibnbe adapted to
employ the nucleic acid molecules herein descrigeg. 20\(/lVith%ut further descrigiiijon, it is believed that
one of Ordinar)}r I%‘?(W?ﬁéhé%c%ﬁ, lines secreting the desired antibodies are screened by

immunoassay in which the antigen is the peptide hapten. polypeptide or protein. When
20  the appropriate immortalized cell culture secreting the desired antibody is identified, the
cells can be cultured either in vitro or by production in ascites fluid. Of particular
interest, are monoclonal antibodies that recognize the FK506/Rapamycin domain, the
kinase domain, or the regulatory domain.
The desired monoclonal antibodies are then recovered from the culture
25  supernatant or from the ascites supernatant. Fragments of the monoclonals or the
polyclonal antisera that contain the immunologically significant portion can be used as
antagonists, as well as the intact antibodies. Use of immunologically reactive
fragments, such as Fav, scFV, Fab, Fab’ or F(ab™)y fragments is often preferable,
especially in a therapeutic context, as these fragments are generally less immunogenic
30 than the whole immunoglobulin.
Antigen binding fragments such as F(ab)2, Fab and Fv fragments may be used,
i.e. antibody fragments from the “variable” regiosn of an antibody that comprise the

antigen binding site. Antibodies may be human, humanized, or chimeric variants of the
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using the preceding description and the following illustrative examples, make and utilize the agents of
the present invention (e.g., nucleic acids and polypeptides) and practice the claimed methods. The
following working examples describe embodiments of the present invention, and are not to be
construed asviniitidginany way the 25remainder of the disclosure. ExamPf@sBRe#pies18 Western
Blot Analysis of rat tissues with the C-Terminal of mMTOR 30antibody In contrast to yeasts, which

have two TORGeRes:MMBARISHRESESH 08I ANBERAE4NOWALY LACASie-A s iRAleRghspeptide with
molecular weight of approximately 280 kDa. To further elucidate the re?ulation,and downstream

signaling of mY51R0%8 M BHSHITRAFKHATER G2 FHURRS FRGe A rRTAMAsEuR (B Biretignizes
specifically WA:2008/4 32494 E4GIB2D0BOATA8:ni TOR jes \Mektenyhl atting:si@mupoprecipitation
and immunofluorescence (data not shown).. The fragment of MTOR (350 ?lmino acids, in length),
corresponding}I %ﬁh%ﬁk%\r%g g%ﬁ/l aikg@%aas“ zé};(%grlgégg%?ﬁ %%gtaer?%gsrél - ljr%ilglnvsgtc%berﬁiteghd used for
immunizafion anaybcdeemnglidmspecifibdyistldowm ¢l btiescwvborthisgeneFated Bemtibody was used
to analyze in Westerp, blaming. the ial c&ll lsqiesdiom ﬁ%gg%%mi\s@@gm%&% ;
predominantly one immunoreactive band of approximately 280 IcDa was observed (see F%,gure 1,
lower panel). &waRleitheprRebRRRErEISH available mTOR antibody (Cell Signalling) generated
against the C-terminatpeptidevasrsesnsaveral Siang ivmmareastyebandsyerggetasted (Figure
[, upper panel). 10In addition to a 2804zDa band, which is highly abundant in rat brain, there were two
Strong immunGEER BB AER MR B B A S L SR A A gy
expressad in lpsaralbtoedpkidney, isniel band tagdintestingihwhilkiflea gy stematiinspleen, testis, and fat
have medium/low level of expression. Interestingly, the 95-1cDa band seems to be organ specific as it
is only detected at a very igh level in liver 15(see Figure 1, upper panel). Furthermore, liver and blood

possess a reldtieérpdsadkimepiistibctive band of approximately 135 kDa. Re-probing of the membrane

with anti-actin antibogy;servedias ARralsiaRadina sanoh T he.deiaction aLmIQR immutoreactive

bands with lower molecular weights could be explained by the existence of mTOR splicing fowls or by
proteolytic deg¥4BalER B SWIrSEAR O, Brotntse experMHeMdmIMEEatare b BI5ER Construction,
SiRNA and Expeessiosr stugias, kor expressiondd hearnaliprbtelisnibeufulidengiheihMA for mTORI3
was cloned into the tagged, eulcaryotic expression vector pcDNA3.1/FLAG (hwitrogen), Kinase inactive
point mutant of' ?ﬁfgﬁﬁﬁimﬂﬁ@ﬁé&%&n 8?%«%16 BRI 56%78553%5 A%ég; tf%eg?u in TORa)
was generatedwﬂt&hﬂmwbetbiémlﬁiwmx@m@mﬂ@g@@stﬁdﬁh@ﬁuata;gm)igccﬁrﬂimg 40

manufacturer g,recom e”éjc%@?aﬂ’?'e}%!k%}%&ﬂ]}é%%f%Pg 1&%5&%%@’%%% carpied QUi die use of

ExGene 500 reagent (Fermentas), under conditions recommended by the'manufacturer. The mTOR
siRNA was obtafhed drsracreeraBiorthl (2T ABdetstidh SRitehg e Eb FRS IR I8 the 2241-2261

region 0h30 hymanimE QRAKIm&LA! 12002 PR NARREtiansfecieshipia-Ata s 283.6els using
Lipofectarnine 2 OOéInvitrogen) as recommended by manufa tuﬁ The C-terminal region of S6K1
T

(His-S6K1C, amino dRiAEeEPE88ISHAd e BREt hid FEFARL & Gaty M with the
6His-tag sequengacT herexpressiamand afiritg P befication pfdia:JoKdamids ealnieitiasttan BL21 DE3

cells using NT;')Af:_e% n E%E%TOR beta gene expression or protein production or by acting to remove or

break down mTOR beta mRNA or protein. Such an inhibitor may act to reduce the

25 activity of mTOR beta, for example any activity or function of mTOR beta as discussed
above. A suitable inhibitor may be a melecule that binds to mTOR beta and prevenfs its
function. For example, a suitable inhibitor may be an antibody that binds to mTOR
beta. In another embodiment, the agent is an mTOR beta antagonist.

In another embodiment, the agent is a promoter or activator of mTOR beta.

30 Such an agent may act to increase the amount of mTOR beta protein that is present. For
example, the agent may be a polynucleotide, vector, rDNA, polypeptide or host cell as
described herein. The agent may act to increase the life span of an mTOR beta mRNA
or polypeptide, for example by increasing the resistance of the mRNA or polypeptide to

degradation processes within the cell or organism. Such an agent may act to increase
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WO 2008/132494PCT/G112008/001548 (Qiagene), respectively. pPCMV FLAG mTORa plasmid was
kindly provided by Prof. K. Yonezawa, Kobe, Japan. Reagents, Antibodies, and Cell Cultures
5Anti-FLAG tag, anti-HA tag and anti-(3 actin antibodies were purchased from Sigma. The N-terminal
anti-mTOR avgiboelyi9easifrom SantaCruz. All other antibodies were purcFaSeaEH CE#Signaling.
Human embryonic kidney HEK293 cells, human breast MCF7 and Human liver HepG2 cells were
maintained at 37 C and 5%.CQ, in Dul 's, madifi ' | mentephrith 10% fetal
bovine serum 1y %/rg%?l%? Oﬁﬁ%%?g%h?ﬁ%g%%rﬁgﬁ%ﬁﬁ%qﬁc%ﬁﬁﬁ50 ig/m1 streptomycin.
Experimental Betceddisssed RMAepurification and RT-PCR Total RNA was purified from HEK293.

MCF7 and HepG2 cell lings usingSiJ OfLRINA leotaianSysiamniRromnega)e Ehedisbstsand CONA
was synthesized by 15annealing 10 tig of total RNA and 5 tg ofg?

¢ ch%o dggrirﬁeélusing I%e\}gerAid H
Minus First Stiad@ROIA BynBTeS SRS HEh IS B FHCSFETRIRUEE “Then RiTmix (final Ix
reaction byiffere 40, iR ibakiosk:rikpnucieaserintibitbeiRenibentas)y andbatintdNTRITvésrhdded and

the solution and incubategg%rit 5 mié}ut%egn 6220%8}%?8{ r’&}hﬁﬂggg@n ﬁ &@y&{%MM Reverse

Transcriptase @SW% &5 5 réaction iX was incubated for 10 minutes at 25 C and 1 hour
at 37 'C. The reierse nansoripthseiseftitnavasnbibppbeglifratrring R IO MRS $WTP'C. The
reaction mixtureﬂ?ﬁ %%{ed ?ets'sgo C and 1 al was used for each PCRs. The RT-PCR was performed

|

using a panel 51%spe0| c F?FI{R]GI‘S or inTOR. Specific fragments of gch_eraldehéde-?,-é)hosphate
dehydrogenase (GADPEYra{Saisminefatamprted At D5ase e e85t AANHality controls of

first strangh DNA, Example-2, Nartham Slol analsisiefn BORinhiwibn lisssae cal@investgate these
possibilities, i.e., the existence of mTOR splicing forms or Erggt]eioli%ltigag&%%jgté%n of the qull-length
protein, a NortFeRACHIGARRI S YT B ASEE AL BT

Forn a panel of Riman tissues
(OriGene) wasiipitialiy e fRknesd hevac sibtanacsaspubed tith-aiDiGuabeiseratPOR probe (750

bp), corresponding to jts C-terminal coding_region [ lysis,the presence. ok sgvesal bands,
which hybridizé‘i’fE 8‘&\%&?&/%&%%% g@ﬁ%ﬁ&%ﬁﬁz °v%/§é£r§ggobserv°ed. As expected, WO

2008/132494PRFGB 20080548, wbiquitenely, it serrba A SRappraxintdrbiorass ®B=which would
correspond to the fulllength MIOR tanserint-wers dspobastiechbiaddiiomdhemuere several

distinct bands if the region of 1.5 to 3.5 Kb that showed high abundance in liver and. heart. The

strongest signalacoiremech de 18 BaHId S IR AT SR 0T F5TREINE"S SHATREY me\g\%%%ern and
Northern blot apalysis.stieRalyimplisddheexisience afcar k@Resplietid fomds caitverNbttizern blot

analysis also indicates that mTORf3 is highly,expressed in heart iver ile Ki liver, blood,
small and Iarg@ﬁ%?é@i’ﬁ?édr%@?tﬁ@nﬁ%ﬁgﬁepggfg?%il ?}ﬁe o %?Sﬁ?gg%ﬁ%m\é\{u&l&dgﬁﬁe

urethra, cancer of the penis, chronic or acute leukemia, lymphocytic iviphomas, cancer

n0  of the bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the
renal pelvis, neoplasms of the central nervous system (CNS), neuroectodermal cancer,
spinal axis fumors, glioma, meningioma, pituitary adenoma, or a combination of one or
more of the foregoing cancers. In another embodiment of said method, said abnormal
cell growth is a benign proliferative disease, including, but not limited to, psoriasis,

25  benign prostatic hyperplasia, hypertrophy, or restinasis.

In one embodiment of the invention, the agent is a kinase inhibitor. Exemplary
types of kinase inhibitors which can be used in the methods of the invention include, but
are not limited to, rapamycin, rapamycin derivatives such as e.g. RADO0L (Lane (2003}
Mol. Targets Cancer Therapeut. 259-260), CCI-779 and AP23573,

30 In practicing the methods of this invention, these agents may be used alone or in
combination with other active or inactive ingredients. The methods of the invention
therefore include administration of a polypeptide comprising these agents linked to 2
cytotoxic agent for the treatment of a disease associated with abnormal cell growth,

including cancer. Examples of cytotoxic agents include, but are not limited to, gelonin,
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10 Experimental Procedures for Northern Blot Analysis The membrane-containing poly(A) + RNA
samples from various human tissues was purchased from OriGene. The Northern blot analysis was
performed using DIG Northern Starter kit (Roche Diagnostics) as recommended by the manufacturer.
The mTOR BRiG:ziabaledyRNA probe was generated by using a 750 bp POR pe@i#sés/ tPsetrresponding
to the C-terminal coding region of mMTOR, as a template for the in vitro transcription reaction with

dioxigenin-11-UTP. The %CtiQeeé%g&é(ﬁ%}%{gﬁﬁ?g&&x%%ﬂﬁﬁ%@%@éhﬁﬁm&ﬁ:tJJEHH]UOpreCipitatio”

of MTOR beta 20 TS further examine the nature f observed immunoreactive bands, mTOR was
immunoprecipitatadefron peteesonorTheme b ooy adndfsigine cerarhimel }ﬁg%ﬁr?ﬁpanti body
(Cell Signalling), and probed immyeecomplexes in Western blotting with the N-terminal mTOR
antibody. As shown in Figure 3, two immunoreactive bands in the range of 280 IcDa and 80 IcDa were
clearly detected in thé TS RFAGHBIFEEIREAESHERIRIP FrE8 X MR BSHRVET & was
immunoprecipigigéhmTaR-feapnithess celilisemby gisitgfHanaibsd drtyioné immlmioreattive band of
280 IcDa was observed (data not shown). The obtaine I r the existence of a
potential mTOf—?ngl? HiTWhICH WO 8%”%%8%2%&%%&@%’-%% %1% r(}rf%#]%gi %%%%Egnces and code a
protein of approximately 268 aminotacideypdetdthcetiesranihodzeResmBsdabaNaaitFinscripts of 2.7

Kb and 3.2 Kb¢%@é%hoﬁ%%ﬁn%eéﬁﬁ@&&m&MQEE%E&MQ&BH%@@Y&IQ@B@@@E@d@Z@gl@@de a splice
variant of 80 kDa. WO 20087/132494PCT/6B2008/001548 Experimental Procedures for

Immunoprecipittdidich grErably cupdalisrt Werawintyicetsl aREsph Y& BiRred saline (PBS)

and extragfed M?&p@k@tﬂ&%ﬁ:@h&ﬁﬁﬁﬁ@ﬂﬁ@iGiﬁﬁa'é@rﬂaﬂ}éc}dﬁi;’&%@hi\%rﬁibﬂmrh&ﬂ‘ébﬁd‘a’ﬁéd $3(v/v) Triton
X100, 2 rnM EDTA, 50 mM sodium fluoride, 10 %}gl sodiumt pg/ro&q sgh%gfﬁ mrl\é 39 i 3
orthovanadate?hef SRR B HSH U ARG TRERRE AP piiet Stierice). Whole-cell extracts were
centrifuged at $:0Q0Wegifer 3Qmminitea nt Gs, Fidoginogssobdassiontltbx pkes sty Proteins were
inununoprecipitated with, corresponding antibodies | ilize RLatein ASenhargse.heads
(Arnersham Bi%?é%nﬁé%s?%g?{%’”ﬁ%ﬁl}rgégte g{é&?ﬁfé%?r%%r?g g:loéﬁ]qpel%%es 10 were t%se}r] washed once with

Tris-buffered satirgeoonttiniy00596cEvaEsniothal e the TS BURSPINGSEHRMSE ESES [pH 7.5], 40

mM NaC1,and, 2.my) EDTALwith 1%, Trien:X-100 \WashBufies AiwithshOeniMuoie Latd 0.5% Triton
X-100, Wash Bufter 1 with 500 mM LiC1, and Wash_Buffer. 2 (50 mM HE,PES [géé{ éﬁt‘f‘? 150 tn.M

NaC1). For Raiofi Y- RIBesFirRAH AR SERS RN SRR dRHL e PR SR In TREL01% BEREF B 15
(Buffer A with Q,3%.CHARS:INsteasebtanX:1t00hyEhe mE@Rdinmunopredigitates were washed

four times in Buffer B and twjce in Wash Buffer 2..The im omplexes
e obToting B TBP AP NS T8 AR S Ay o S e sl

xample 4: ldentification of mTOR beta 20To prove the
existence of niT@Rssipticacorni{slracFORWsabpdrserarchiter domdmieh awised bty dmpding a
panel of MTOR spegific ol | verah himancelllingsiuascaies i indhis analysis,
Helc293 r;jgd &%#?ﬁﬁ%gfgv%%%%%%%gv%ﬁ%}%gg %c%)tenf?igdhi‘}!J lice variant was observ%d.lln addition, the

hepatoma cell lilfe. HePRE welsdiiaesERa i PRATAIAERIFoEY WS RBOHUETS Bl Apotential

MTOR 25splice,uafiantsipsMosthesn-andiiestesmblotting Hritialiyedatal BNduwagyariedbirom
exponentially growingécells using SV Total RNA Isolation System (Promega). Then, equal amounts of

RNA purified frof Shénté&iitine were converted into the first strand cDNA by using ReverAid H Minus
First Strand cDNA Symthasissit resmentas). st palitdef gensrsitecifirstarisnz cOMNAWaS tested

by PCR aé? p”ﬁe(t:sa gligsrflzr?bfe%clg@eaxg guch as a polypeptide of the invention, e.g., mTOR beta or a variant
or derivative thereof, and a diluent. Suitable diluents can be agueous or non-aqueous
solvents or a combination thereof, and can comprise additional components, for
example water-soluble salts or glycerol, that contribute to the stability, solubility,
activity, and/or storage of the protein or polypeptide.

30 The pharmaceutical composition may also comprise, consist of, or consist
essentially of one or more agents capable of modulating the activity and/or expression
of mTOR beta and a pharmaceutically acceptable carrier. Such a composition may
comprise an agent to be administered as part of a therapeutic method of the invention as

deseribed above. The pharmaceutical compositions of the present invention may
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30 GADPH fragments. Figure 4 shows that nearly equal amount of PCR products for GADPH (570 bp)
and [3-actin (350 bp) were PCR amplified from cDNA preparations of all cell lines. Extensive PCR
analysis of generated first strand cDNAs with various sets of mMTOR specific primers produced a panel
of amplified fregneesits2dPlie most prominent bands were excised from the gel/ardwegasaced. Among
obtained mTOR WO 2008/132494PCT/GB2008/001548 sequences, one mTOR sequence which
contained a potential splice variant, was identified. .This PCR fragment of roximately 100 bp was
amplified with Fontih Sty 4‘%??%“’%%"?&50 Yé&%&&éﬁ%‘@éé@&cﬁgéée&%gE_Q ED NO: 5)) and the
second primeraiodateigsithh deiithtsf AN BT EIIS TMEGREAGATCETUAG HBAGET (SEQ ID
NO: 6)). It is important i notethal ihis PERRIPdatovas spasificalanmmiisdiipm.al three cell lines

(see Figure 4A). As shown in Figure 4B, the amplified fragments contain sequences corresponding to
the N-tenninal PEtATaNHLIHE FRTFRPdBRIAIR BPATFORIREL L LA P JRRRTATS °sB6 i Ences clearly
indicates the cesitinuation abthadeatingdameaaishelpoint of dikpljcestOsiter(setthdgute40). This
splice form of MTOR (MTOR beta). has the ottential to encode a ré)t 'n.loufs a(%gdarggjn%?l%ids in length,
consisting of tH&BRIEHE R RSS! 5 HOdS BRG Y S 8teh 6r685 amino alid< rom the
C-terminus of tiybpiRli¢sdrderstorobtditetiectulld éntthvitn dmgsegpienssahtid. potemibd TOR splice
form, PCR amplificati d fi d ing t 5

(ATGCTTGGA%{ CE&%JW%@&%%%}%%{@ %E(E%Eé?’)‘j&gﬁ ﬁ%@?&&éﬁ&@&%@&mm (SEQ ID
NO: 8)) mTORSSpeBific i RSTeWER TRFEESUTIEY IR APDIBAICISLE BAMRY SPSBfimately 2.3 Kb
was amplified fEom-Helc2P3dirsh strandisRNALInlaksesiencr.analy sisipkiha.appifiedpand from the

N- and the C-terminal ends confirmed the existence of the predicted splice variant of quOR. 20The
amplified PCRBHBH0%% A8 IREH LA Eatu SWE AN e FERrest ShERERHABNG® 1)) was
found to have INFEBResResificdnitanidwraipaastides:6: thdl ey dbtathedetiequence has an

open reading frame capable to encode a protein {706 amino residu %SI%% ID.NO: fgpe position
of a splice fusion beb?/gen ceeuﬁ'? gr?ﬂ?ﬁ%?g({f- 3a hgrlﬁljv g%ftseurgrri}iﬁséﬁ 867 %ﬁ%gaga c?f MTORo. 25is
indicated by ammairowgents cEpabldentifidaisplibe donvitphndi@Rwassterrmbn TR ORDbeta b TORp)" and

the fulllength RIDIGIAIEQR plehiadtin TORANAAROMASLIRD 10 hbiirnaiLMTORR T ORD

splice form lacks all HEAT dormains and the main part of the FATN domain (see Fig 5). The HEAT
domains have Bé@thnemlisdiaerani theriEnsdermtens Daess G RIT Sn PR ERBRBLAFHARSIE 1A% Wequences

corresponding 1@-hiEAE-Eomains weradoung tesinteracinsitarRatorang:Rigigsswhiot are key players

in mTOR signaling. Moreover, the sequences within the HEAT domain region were shoivn to localize
MTOR to endoPAHHC SRR A ES1GT AP HPARIS FEe S B e
2008/132494PTik GR200 84604 5¢8=F ATl ideniapesdeasspes HEAE: ficel8tractUresghandfitight be also

involved in, protein-protein interactions. The mT ess ;'g LERB (FKBRI2Rapagpycin
Binding), cinasr%?lg%gtfgﬁ?gogg%gﬁ%e.n{‘I%rgagrneeél(g’r?fgg g‘st%eie&g mgi%]s sugrb’estst at mTORP could
serve as a proténstieetstesirad.its function could be regulated by Rapamycin and its 5analogs. In

addition, mMTORP comging. 23:AMINE A4S aHHrknown fungstian Ko the.ges of effective

amounts of each component is within the skill of the art. Dosages of an agent capable
of modulating the activity and/or expression of mTOR beta of the present invention

25 typically comprise about 1.0 ng/kg body weight to about 0.13 mg/kg body weight. In
one embodiment, dosages of an agent capable of modulating the activity and/or
expression of mTOR beta comprise about 1.0 ng/kg body weight to about 0.1 mg/kg
body weight. In a preferred embodiment, dosages for systemic administration comprise
about 0.01 pg/kg body weight to about 0.1 mg/kg body weight. In another embodiment,

30  the dosage of an agent capable of modulating the activity and/or expression of mTOR
beta comprises less than about 0.1 mg/kg body weight. More preferred dosages for
systemic administration comprise about 0.1 pg/kg body weight to about 0.05 mg/kg
body weight. In another preferred embodiment, the dosage of an agent capable of

modulating the activity and/or expression of mTOR beta comprises less than about 0.05
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extreme N-terminus and the C-terminal part of FATN domain. Bioinformatic analysis of the FATN
C-teiminal region point towards the presence of a HEAT-like domain, which might facilitate the
interactions with regulatory proteins, such as Rictor and Raptor. 10 Example 5: MION3 regulation and
cellular functien PoeHoatg the identification and cloning of mMTOR13, the Wérk@krthgdigstigation of its
regulation and cellular functions was initiated. Initially, the full- length of mMTORP was cloned in

PCDNA3.1 expf@@@%&?%igﬁtfrmﬂmhﬁl&%}}bﬁ@ﬂgﬁmk El-Adadagieniione: 10 Qxapnie the level
of expression, molecular weight, and_regulation of FLAG-mTORP, Hek293 cells were transiently

transfected witPPFFESRARS Fo-DeSNA SotPae &SRB IS ededy tramerbc i AEIs were
serum-starved dora@heuEs @pdiinsibates ipthecpresensaardabsepatofRapaeyes for 30 minute.

After  serum stimulation, fo hour, cells were lysed and the lysates were, used for Western

Oboting or ERTBITS LT Ao O R S L AR T o DT e A CIBHER it

anti-mTOR polytionakantiyodl: (@etSigantingy, dttvas etelothatpeiAS /FLABmTEORP plasmid

directs the explession oL e Riols W Ie MeleRAL weioky of 9ReXTalelySQka (see Figure
endo

6A, lower panesl rhe expression o genous mTORP is evidently observed in Hek293 cells

transfected 25 Wit go0IAB 02 &r He INABID/LLIRS HFDRP.190% O#E preddited sha RPAG epitope,
the mobility of Eﬂcﬁﬁéﬁl&@%&@%lmﬁya%i&mﬂmﬁm@@r&@mg&&m%ﬁfm&mmmg-13- This

analysis also showed that starvation/stimulation of cells with serum do no affect the level or gel
mobility of bottPehitEEEhb s e byER&FEEEEd mTORP. No significant changes were also observed

after Rapamycin treatrReh-305¢timidation:elieals witbyseni algravilitactorsydiughasiiGPI is known
to induce phosglhoql.lation OL%TOR? on S52448. ri%;natgafh& Phosggﬁ%ati%ntof mi%gé) at 32448

was found to b& THEdAEEby PREIA A

fﬁe 0 enieral g cnt 1?31. s
. Howeéver, técent studies have provided strong evidence for the
involvement ofa86kdn ghosphinyladisigp 82448 be used simultaneously to achieve systemic

administration of the active ingredient.
As mentioned above for some methods of the invention, topical administration

15  may be used. Any common topical formulation such as a solution, suspension, gel,
ointment or salve and the like may be employed. Preparation of such topical
formulations are described in the art of pharmaceutical formulations as exemplified, for
example, by Gennaro ef al. (2000) Remington’s Pharmaceutical Sciences, Mack
Publishing. For topical application, the compositions could also be administered as a

20 powder or spray, particularly in aerosol form. In some embodiments, the compositions
of this invention may be administered by inhalation. For inhalation therapy, the active
ingredients may be in a solution useful for administration by metered dose inhalers or in
a form suitable for a dry powder inhaler. In another embodiment, the compositions are
suitable for administration by bronchial lavage.

25 Suitable formulations for oral administration include hard or soft gelatin
capsules, pills, tablets, including coated tablets, elixirs, suspensions, syrups or
inhalations and controlled release forms thereof.

The compositions and methods of the invention for therapeutic purposes can be
utilized in vivo, ordinarily in mammals, such as e.g., humans, sheep, horses, cattle, pigs,

30 dogs, cats, rats, and mice or ex vivo. The invention is particularly useful in the

treatment of human subjects.
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WO 2008/132494PCT/6B2008/001548 To find whether mTORP is phosphorylated at a serine residue
corresponding to 32448 of the entire mTORa amino acid in response to serum stimulation, the
obtained lysates from the above experiment were probed with 32448 phosphospecific antibody. As
shown in Figueez@/(siper panel), the phosphorylation of endogenous antf-éierek|§iessédl mTORp at
a serine residue corresponding to 52448 of the entire mTORa amino acid sequence is strongly
induced by sefypashimilaiensMueoverabisvphnaphonyiaiar sy aniis saraitive 40 Rapamycin. The
obtained data demonstrate that similarly to mTORa, the phosphorylation of mTORP at a serine residue
correspondin&@%ZMS of the entire INTORa amino acid sequence is induced in response to serum
10stimulation and is $&asitigentdrRapamytin pleMEORP@bledo idhoshhoryiate S6icrang) 4&-BP1, which
are the main physiological substrate TORa? 10 an rthi estion, .E T or

NG TORa VT B o e O S o e
complexe§ welte theentised:in tTORddhses radCtibhelacamamiag coldustprambedisennibhant 4E-BPI
or His-S6K1 C, The kinase.teastinnsaieraitesovedbx D sy RAGERRA iupuRaRIetRd with
phosphospecific antibodies pT389-S6K1 and pS65-4EBP I. Figure 6B undoubtedly demonstrates that
MTORP can pR&&HRBAREE BoisesbRa It BEIR e o Bt % sl ERerPiREh TORA.

Studies from vafigys:ahesatorigs indicated thahMEOReuresm PORIBgpartners 20 Raptor and Rictor
for the phosphorylatign o%its dqwnstream substrates: 56K, 4E-BP.1 and PKB/Akt. Taking this into
BT R R e

account, the interactioR%F¥h Wfﬁ% Rrﬁ‘?%ﬁlﬁ%%?ﬁdjﬁog ncgrién%%% eé:’tié:'(ﬁl.e Pr%l Islgstudy,
HEIC293 gells:pene tiansiently:trasfestediwitbf peRbAG AMRlAGdNEQRT AR RIGREDPRS) HA or
PcDNA3.1/FLAG-mTORP and pRIC/Rictor-Myc or pcDNA3. 1/FLAG: nd peRK-GPL. The
supernatants Z58F j/st ‘E%ﬁ% P@F%“fr%ﬁﬁﬁo%%aé}%ﬁg & with an ﬁﬁ%ﬁ%@gﬁ%&ig %?t%:ontrol
nonspecific artiisadyniFhetitimnameaceiinplexesaos tbtaboitiiysdieshorger antfe ctodesslis were resolved
oY SDS-PACE R HRUIeRIEA IR K dBANIT RS AN, iRy SiaW R BRI RIAGENOUSlY

expressed Raptor, Rictor, and GpL form specific complexes with mTORp in vivo. The specificity of
interaction wad festBICasTh BHRE 8FERIARE OGN RS BERRARGH 8885 ™ hus, similarly
to the fulldengthepERRaMAhesplice fesmisalsaEapalie toasseciate withiRaptosERicmNend GpL. It
can also phospharylate S6K1 3nd AE-BPI inféjg[[o‘ WO 2098/1%% 94PC1T/Gl3£008/0 1548 As
mentioned ab véﬁlﬁﬁ@f@g}ﬁé’ S5 QB S AT ER RB BRI -PhAPE R S WaS 1REfESting to compare
the sensitivity of mTQRaianthtioh @Rp o Rapaneybids fothie stumbpikiFiK 283 cods we nd gasiently
transfected with pcD LFLAG-mTORP, hcDNA 3.1/ TORa, or pcDNA3.1. One day later,
cells were sta}\ggg 8?@3%%%%%%&%%%5?5 Wit 0?8&%@? %}rtdne (1) hour. Various concentrations
of Raparnycin (1 nM 5mdvhadhdfEBerivieniare méld een8uiritgted pefogss®dim stimulation. The
supernatgts ?é)'yse%%ﬁéﬂaeoéeg%%e@g@ by $DREAGEENG mpnoplotiad with-vatous.antibodies.
aandm w.

The expression of m as confirmed b%?i%miunqblotting with the C-terminal

polyclonal mTOR BATBERSGE Ry 8P aloPiosnilHed hethbraif®™ith a panel of phosphospecific
antibodies dirggted againstikaewn el phosphandatiensitasdin S6K1 (pT389) and 4E-BP1 (pS70,

pS37/46) indicated that cells expressing. mTORp are less se !itiv .to Rapamycin, when compared to
cells transfecté%i With%%effb?gaﬁgg%‘}l gﬁ%&%ﬁ%ﬁbﬁ%ﬁﬁ&%Bﬁﬁﬁ%’s‘é‘%%fﬁ%@ %gtslgr%g}fe obvious in
cells treated withiiow idosdisofvRapamagent, spehlasfinediating mTOR beta activity.

25 Equivalent methods rriay also be carried out using a polynucleotide of the

invention, for example to identify an agent capable of modulating gene expression, or
an agent capable of modulating the level of, or transcriptions of, mTOR beta mRNA.
A method of the invention may be carried out in vifro or in vivo. A method of
the invention may be carried out using an isolated (or substantially isolated) or purified
30 (or substantially purified) polypeptide.
Alternatively a method may be carried out in a cell that comprises the

polypeptide. For example, such a method may comprise the following steps:



15Previous studies found mTORa mainly in membrane fractions of endoplasmic reticulum and Golgi
apparatus. Furthermore, mTOR was also observed on the outer mitochondrial membrane and in the
nucleus. Sequences located in the HEAT domain region of full-length mTOR (HEAT domain 18 and

19) have be#dippticaded in mediating its membrane localization. Taking fé/aBet#ihét BEAT and
FAIN 20domains are not present in mTORP, it was interesting to examine its subcellular localization

by fractionatiop, EXpoRaRbally.arawiRg HEdCa9a:aeissuerastadionateaisingRrateabxstract
Extraction kit (Calbiochem). Both, mTORa and mTORP were jimmunoprecipitated from all fractions
using anti-mTGRPEHET MR RIS GEDerREeHimmUAER SRR Fe bR I8 BS2PAGE and
immunoblottedyiith-phtieraloR 2bNatesinalandbedies ibeexpected, mTORa is detected in obtained
cytoplasmic, n %Iear ancti mJembrl,%rhe(_}sf{agﬂoni%EI !ﬁntecS ntrast 1o hat, mMTORP is predominantly localized in
the cytoplasm (See F?Slt}r_eéc@)?;gf e qualﬁy o‘?;prepare%gsu jcellular fractions was analyzed by
immunobléttingvith dnti4EzBRE cHBRE6D, hrdpiasiartidoediesti Gurrdrdidipnhuapfidiorescent analysis
s being employed g study sueelilatealization ehlycr TR AT QRBIinransiently

S

transfected Helc293 cells (starved/stimulated and in response to cellular stresses). To further
investigate theefelsti iRRS ¥R AN EAtidRprocesses, Helc293 stable cell lines,

overexpressing mTORpP i PR a0 TR oMl YRR WRIRViIWEE:2008/132494PCT/G82008/001548
generated. In addition, a cell line ver-expressing}gl)EGE %g%;lanced gGreenk%FIuorescent Protein), which

could be used @ a cHRSHE AFPORPSHITRE IRPERS BBETTORAP SepRTEN of generated
cell lines indicdtad thatieelisekpressingwildrtypeon TQIRp grivitfasteridyioérpegiipasdaraitte MTORa or
GFP expressing cells. Taking 5this into account, th liferati t ated stable cell lines
using a cell pré%?éir%lqti%ln@é%rse%}%loar% r%?ﬁ%ené%yv@sa@ﬁ%%gtélgggtqﬂ&iog%{%g%%fggﬁﬁ;s, overe%pressing
mTORP wt, mEFORE WwttarEGFRowerd/seedledtinto a 96 well plate at various densities and grown

under standard condifiogs ot /s daaaCallMUENES erAhaRMeasHEadiR.e6tWel it Resosurin

based assay. In six independent studies, it was found that 10 inTORp expressing cells proliferate
faster in compaRgbiFtdipaBICRlhtdas Rhybrt 10% FTECbIA%: MreRM ST EE i lells showed
no difference ipprplifeialion mepapaetiie eantyakesiisicThis wopitnissaroleofmi@RAdut not mTORa
in regulation of cell proliferation. To.investi afte whether IORP kinas%acti ity has.a role,in the
regulation of 1%&*&?&%]% 185 g é?ﬁ\ffglf'é%i‘p%?f’r%gﬁﬁv%s AR SHERS ﬁ%%ﬁ SRR TIREY
overexpressingdﬁmaﬁfwﬂsbwmfﬁﬂ?@ﬁma&eidﬁmlﬁﬁm}MéﬁﬂdﬂE@éﬂi.lmﬁls were seeded into
a 96 wel plate gtyarigysidcosiies and araek undetsiandard eandiions it S aides-&ell numbers

were then measured in"eac I'by Resazurin based assay. In six independent studies, it was found
that mMTORP exgstedsirtyoatiy Guisie Feratéons proéximat IRt SRISES M YokigansbAtto control

cells (segyfrigu gen%iactm&%mﬂ%ﬁ@s%séf&@ealﬁpdi%Hg&ea&km@dﬁm REWKIR mefantdoesnothare a
dominant negative effect on cell proliteration, when expressed i §§53993 cells. It exhibits a slightly

n
opposite eﬁecﬁ?ﬁ@WWﬁ%@%%‘ﬁ&ﬁga@é{I@“&?gwgtéhgd’f‘f &l faster when compared with
EGFP cells. 25t is furtherctheught tifatihe thdubtion of aelbproliferatiofeteymiTOBRpteould be

expression is based on measuring the expression of proteins such as e.g., c-Myc whose

expression is modulated as a resuit of modulation of mTOR beta expression.

25 Additional assay formats may be used to monitor the ability of the agent to
modulate the expression of a nucleic acid encoding a protein of the invention such as
mTOR beta, For instance, mRINA expression may be monitored directly by
hybridization to the nucleic acids of the invention. Cell lines are exposed to the agent
and/or a polypeptide comprising a mTOR beta to be tested under appropriate conditions

30  and time and total RNA or mRNA is isolated by standard procedures such those
disclosed in Sambrook ef al. (2001) Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Laboratory Press.

Probes to detect differences in RNA expression levels between cells exposed to

the agent and conirol cells may be prepared from the nucleic acids of the inventiosn., It is
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transduced by various signaling pathways. One of those pathways, signaling via the proto-oncogene
Myc was examined. The proto-oncogene Myc is known to affect growth, proliferation, differentiation,
and apoptosis of cells through its ability to regulate the transcription of a vast number of genes. cMyc
has been alsetrpigeataelin 30the regulation of tumor progression, includiFfgigeReis/ eteiity,
migration, and angiogenesis. The expression and function of cMyc protein is therefore tightly

controlled. Indeed man %&ﬁg@%ﬁg@ﬁm@g@&@&@f&@@\bﬁi’\ﬁg Regidentifiedithatmaculate.cMyc

Y,
expression at e eve?’ol? ranscription’and translation and its protein WO

2008/132494RCTEBRO0RCHIGH Bt SHERANIGh PRt HEN SR BIR-RIRS 48 fegulating of

cell proliferatiqp¢: Mg .coRNAlS dhe-exvessien afiggnes. whichpaglicifatetim@HiSytrdisition of the cel
cycle. Signalling via mTOR pathway makes a major, contributiotn t0 hyﬁj%&”tﬁéﬁi'c?e%ﬁ&%&%%@ﬁ at GUS
fthe cel cycle.  Totest

10t
stage. MoreovessaR apRGHRIRH JE SRRSO Of e RS ERLTon o
whether cMyc jg.invpivedinmERRPrindisad prolifetafion, HEK2e8 velievikhs alansieitly transfected

with pEGFP, pcDNA 3.1/mT, wt, pcDN 1/ TQ%% ]%%ga ant. L esk B TORcc wt. Two
days after tran%eééﬁgﬁg%nﬁs%?&%élgg% -ehrgegy SDg-PA'G%é%andyimmuno lotted with antibodies
to c-myc and If}isdnanscniptidnytaidyets (e.g. anti-Myc (9E10) monoclonal antibody). The results

presented in Figure ]lpr%bé:é:n‘fi‘ﬁyb%%f&? e that.queiexnrassionief mEQRR, tbrituaatheToRa leads to
a significant increase in c-Myc protein Tevel. The induction qf C-My§ translation ése le nga%nt on

MTORP Icinaskaetivitythes . |diaisstessd sttt 6THEORPUBES MBI SHIRERE cMye éxpression
(Figure 11B). The expressipnieyel ol transienfiyds exprassedrfi@RecpriRORRINLANEERD mutant

was monitored by immunobloting, with the C-ter antibogy;. r ssigr.af MTORp wt was
found to increaEamRERFEBPI R %%%B?’é%é?oq% @g@ jgro gﬁﬁ%g%ﬁ%%{agf%%S celis, overexpressing

mTORP recovexdter Sorbitsikinthu Gidistie Sreanc i abtbirth AlemyEORa overexpressing cells. To
further invesiigate the le of ITORP. i e Gelh¥eie. iel293 el 20 axeseprassiog mTORP,

mTORa or EGFP we puﬁse abeled wit inutes and chased e\,/e%Zrho rs for 24 hours.

or 30 minu
Incorporation oddBedbeinty franbediswael niAENrRH RS S A S ) PRECANTS e 01, S and 02

phases of gell oyele oseyacforeadpelblinnves deieuminet(sed Figyte 2R Thedubation of S and
G2 phases were similaf in all three cell groups. However, the durfaéi?ﬁﬂof Q%%ge was 25shorter
cells.

in the MTORP exvasrerfirbeding e A HaRe oI TEIRE BPL TR Is'suggests that mTORP is
critical for GI prograssion: oblhe rell.Cysitse affikbe effecticohmpbORR ihserlihssrnvedaatsdvere also

assessed. Hek293 stable cell lines, overexpressing mTORP. wt, mTORa wt mIQRFE kinase dead or
EGFP were setfiff %?3%%‘66@9%6%6@@?1&%%?\%%%05 Assessed by theETrypan Blue dye

30exclusion assaynliouambernshttiatroviershpr stk DR iiegistErEd EelI < ferPLiVation
induced cell death(see FigHEA30).800 A ITRBRINasRAG: riequiigdicemediating this
effect (se€ Figure £ BY.
‘nvention can be affixed to a solid support, such as a porous glass wafer. The glass
wafer can then be exposed to total cellular RNA or polyA RNA from a sample under
conditions in which the affixed sequences will specifically hybridize. Such glagss wafers
and hybridization methods are widely available, for example, those disclosed by Beattie
25 (WO 95/11755). By examining for the ability of a given probe to specifically hy??ridize
to an RNA sample from an untreated cell population and from a cell population exposed
to the agent, agents which up or down regulate the expression of a nucleic acid encoding
the mTOR beta protein.
The present invention also provides methods for identifying agents that
30 modulate at Jeast one activity of an mTOR beta polypeptide such as the polypeptide of
SEQ ID NO: 2. Such methods or assays may utilize any means of monitoring or
detecting the desired activity. These assays may include detection of phosphorylation
of mTOR. beta, detection of phosphorylation of S6K.1, detection of phosphorylation of

* 4E-BP1, monitoring induction of cMyc expression or monitoring for the ability of S6h.1
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WO 2008/132494PCT/GB2008/001548 To further investigate the effect of mMTORp expression on
cell oncogenic potential. He1(293 cells stably overexpressing mTORp, mTORcc or EGFP were plated
in a thin layer of agarose in culture medium After 14 days, colonies were stained using IYITT (see
Figure 14A)wCotersesyvere counted using quantity 1 software (Bio-Rad) Bah@-Rf§/Mérésplotted (see
Figure 14B). It was found that rnTORp overexpression led to an increase in cell oncogenic potential

compared with thase cells querexpiRssing IEQRA AafsoHekceliss fxparimemalifracedyres for In
Vitro Kinase Assay 10mTOR in vitro kinase assay was performed as published %{?g%? (Kim et al,

2002). Briefly,iHsediriaselaaEQRWEE Feifiradriesom et aonasp o i fee s ed about a

quarter of the washeg, B EQR-A I QREeEIPHAIES M SotdfeHiEK2 9 tellsndriglofed 4#EBP1
(Calbiochem) or 0.5 jig of recombinant His-S6K1C, 25 m..1\4 HEPES-KOH (pH. 7. mM KClI, 20%
glycerol, 10 inKPRMGETSI4 FNg"RE fF4i8ES T‘Wﬁ%‘fs BRd S0P %—?@ : e%%?fi%%%t\?vere stopped

by addings5x sample=butfen anct:ressiiedine SRS RMGEanthanayzed by ifHUREBIotng.

Experimental Procedures for Immunoblot is.| : Q%H!%%gg&ga[m{glmg%éyere
separated by §%F£}Q&SEM 6t fﬁgﬁgﬁg%%f t%%l ggl%i{r%%ig&ge&diﬂuoride membrane (PVDF) and

incubated for CHaritsatstoekingesotuor (Somiike s Rl e SAmEHeePERE B Ricked

membranes wgre then proped.ovarnigiiwith prieanvanijedies attCanAfie exirnsiveysashing with
Tris-buffered saline with 0.1% Tween, the membranes were incubateﬁ[ for 1 hOﬁ: Wi'th%econdary

horseradish peroxidaSBLESRJUBAE SHtiBOBRF B BT DB BT SHRRTTB A CEHiblexes were detected
using the ECL.system fyilinese) indien-imeaynotials heiddaberasgrebéthehe endmbranes were
initially stripped (Restore Western Strigping Reagent,.Pierce) and | ed with angther, type of
primary antibo@}g&?ﬁ"ﬁ?fﬁ@?ﬁ’ﬂg Tﬁgﬁ%ﬁc%?}urreeos? 'fc?;% S ré%g%ri\%?%r] _ I%ubcelluli_’ar
fractionation ofibEiA93ceelts wagygetrfdrnmediabing2Riote oFxirec i ExEraRYOREINICHIBESEHem) as

recommended by. manuf : nd M TQRR WRES, I MRKPeRTeGipiaiack i ath factions
using anti-mTéﬁ){l}gﬁ&gt%e%grlv?;ﬁ%r}:[J g%%ﬁ%%@?a\gvo 2008/1302494lgCT/G892%%8/001554;% Immunpe complexes

were resolved by 8D SIPNGECHAMIIAEHoBIEREE ORISR KGR SR CABYE) “Antl-4E-BP1,
HSP60 and c-Jun antiiedies weigivsed sssantialsdonsytop asmiamembranesasdpplietely fractions
respectively. Experimental Procedures for Stable cell Iinfs E:Odlg‘ﬂ%(r)tgﬁ%%%” t@{iollfgéall&igﬁe%ssay
Stable cell lineRiEFFa/eRprasding vt Hp aSHAPKHA SIS R TORD Were produced by transfecting
linearized pcDPyRidd Chi\be-Faeiiait0e pnD kA Srinelod Gid orlode st wenorsih 26 ER : 293 cells.
Cell lines were selected.for 10 days on 500 ug/ml gen ' facturer

¥ dmt[ﬁ C S,Qﬂr&ﬁegé‘%t g %&%ﬁ&%%ﬁ%@ ﬂz@éﬁr@%‘h‘

(Invitrogen). FOT & pToliteration L0assa I'lines, overexpressing mTOR p wt,
mMTOR p Icinasediead shdinistration of the immunogens is conducted generally by injection over a

70 suitable time period and with use of suitable adjuvants, as is generally understood in the
art. During the immunization schedule, titers of antibodies are taken to determine
adequacy of antibody formation.

While the polyclonal antisera produced in this way may be satisfactory for some
applications, for pharmaceutical compositions, use of monoclonal preparations is

25  preferred. Immortalized cell lines which secrete the desired monoclonal antibodies may
be prepared using standard methods, see e.g., Kohler & Milstein (1992} Biotechnology
24, 524-526 or modifications which effect immortalization of [ymphocytes or spleen
cells, as is generally known. The immortalized cell Lines secreting the desired
antibodies can be screened by imniunoassay in which the antigen is the peptide hapten,

30 polypeptide, or protein. When the appropriate immortalized cell culture secreting the
desired antibody is identified, the cells can be cultured either in virro or by production
in ascites fluid.

The desired monoclonal antibodies may be recovered from the culture

supernatant or from the ascites supernatant. Fragments of the monoclonal antibodies or
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EGFP were seeded into 96 well plate at various density (250, 500, 1000 and 2000 cell per well) and
grown under standard conditions for 5 days. Cell numbers were than measured in each well by
Resosurin based assay (Cell Titer Blue Promega)) as recommended by the manufacturer. Normalized
growth curvegifairsgagldell line were 15calculated using data from at |ea£F§{>@ﬁ?8%%%‘Ha“é%t
experiments). While the invention has been described and illustrated herein by references to
various specifigIgiasiais prasad urescontiexaiplespiblszimiersEutcmperEomEnts s hot

restricted to the particular combipatigns. of materi d ctae farthat.purpose.
Numerous vafafBHESFEEds &8 (leﬁ%%gﬁn%aec |r51l1n§\r|beg %gs ﬁﬁ%@%@“&%%q 2 byajthose skilled in the art.
It is intended thattherspeciieafiob arfhexamples bés e dariarhle SR T R true
scope and spit. o he Inyention el cicaiesh bviefollypalaimsi hasfarences, patents, and

e t [

patent applica(f%r}l%xré%rr to 1n this application are herein incorporated by reference in their entirety.
CLAIMS 5.AniisalatedinrtPOR beta polypeptide which phosphorylates S6K1 and/or 4E-BPI selected

from the group consig{jng afiS4ala% isalatednalpapiide sompadingitsaminaaticoieuéice of SEQ
ID NO: 2; (b) an isolated polypeptide comprising.an.amino aci ' 75%
sequence ideﬁﬂf?@b%é“@?ﬁﬁe%ﬁfﬁ%?&ﬁ%‘gﬁ?%ﬁgt&%? § %“déﬁ@%%%ﬁég%\%gf%%ﬁﬁ(c) an
isolated polypeptidecamprising therathing acitlssguencd rosded bk SEGINS RILiES 9089An isolated
polynucleotide selected from the group consisti X lvaucleotide epqedingaaRiE2R beta
polypeptide ad%?ﬁ’ﬁfﬁ’f@%fgf%%t%?gas&eﬁ%ﬁ%%2_%?%%%%%{%?5%% the ﬂnuc,leﬁ_otide sequence of SEQ ID
NO: 1 or the coroplenisntibeerentxl 5{clanpoyrititeatiliptorprisig &h it sequence having at
least 80% seqﬁeglce,jz% nti%%%@.thﬁlgggﬁgm@qu&ﬁ@ggg@%@ﬁﬁﬁ@ ixiNGdy dranghemcoding a
MTOR beta pro iR tha Sﬁosp.horylates 56K1 and/aor 4E-BPI; and d)la? i@lﬁég%rﬁa leic-acid molecule
which hybridizestieothie astdesihed %Hu%r?@%@%tfsv%%égﬁff\%ﬁ%ﬁg?ﬁee Hmplement thereof under

conditions whigh-ggploy 0.1x SSC at 2068C, encoding a mTOR beta protein which phosphorylates

56K1 and/or 4E-BPI and where the mTOR beta protein induces ¢-rye.expression.s3,A polynucleotide
according to claim 2, rssifheag 6&%&%@?@ Qg el léycl?%égglto onegor more expression control

15 bperap ed t¢
elements;s  iationally selected or designed. As used herein, an agent is said to be randomly selecte

when the agent is chosen randomly without considering the specific sequences involved
in the association of the a protein of the invention alone or with its associated substrates,
binding partners, etc. An example of randomly selected agents is the use a chemical
library or a peptide combinatorial library, or a growth broth of an organism.

20 As used herein, an agent is said to be rationally selected or designed when the
agent is chosen on a non-random basis which takes into account the sequence of the
target site or its conformation in connection with the agent’s action. Agents can be
rationally selected or rationally designed by utilizing the peptide sequences that make
up these sites. For example, a rationally selected peptide agent can be a peptide whose

75 amino acid sequence is identical to or a derivative of any functional consensus site.

The agents of the present invention can bé, as examples, peptides, peptide
mimetics, antibodies, antibody fragments, small molecules, vitamin derivatives, as well
as carbohydrates. Peptide agents of the invention can be prepared using standard solid
phase (or solution phase) peptide synthesis methods, as is known in the art. In addition,

10 the DNA encoding these peptides may be synthesized using commercially available
oligonucleotide synthesis instrumentation and produced recombinantly using standard
recombinant production systems. The production using solid phase peptide synthesis is

necessitated if non-gene-encoded amino acids are 1o be included.
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4.A vector comprising a polynucleotide according to claim 2 or 3. 5.A host cell comprising a
pol_ypeptlde according to claim I, a polynucleotide according to claim 2 or 3 or a vector according to
clallm 4. 6.An isolated antibody that specifically binds to a polypeptide according to claim 1. 7.An
antibody aceardingtez¢aim 6, wherein said antibody is monoclonal. An BRESSHR®&EstHing to claim 6

screening for an agehtaHsr el insstA T ORpEIA SRR CORDYIESHJIHE I RIS Heps:
10(a)contacting, a polynantide aseordingde claimd ofitra restage nkiang(b) dateating any change in

the activity of said polypeptide, wherein a change in activity is indicative of an agent capable of
modulating mH"’@TR‘ﬁé%%‘EfR/YﬁP“m 15 m}i{?ﬁé’fﬁ%% %?‘%8‘%‘3%%@?&?3%? Foenttha %%%{]:ﬂflat%s mTORbeta
elxprezﬁﬁgl an@é@g@;ﬁ@p&%ﬂ,mﬁm&&iﬁ@dheﬁmﬂa@m@ep&ciﬁ)qmmﬁ@@ﬂ@igﬁMI according to
claim 5 that comprises of gPIesses 2 2 pRVAGRIdE AGEaing (0.0, 1.0 apalpepide encoded by

e
apolynucle_oti EE%OWélng dFetaim , (b) contacting said host cell with a test agent; and
20(c)detectingansichangbeinthizedprdbsibavaharorsctiony sed i pa Brsisinad MFHEFER % change in

expression angd/or activity js,indicative.at anrroqnisanabie-ef iedilaling @ iHe Ribeim eXpressi
and/or a_ctlvity_. ‘?L%?A method accord}fng to claim 1§%r 11, 3v?1erei the a.cti ﬁ? detggﬂ?ﬂ bS;/SIOn
measuring 2588EH amdrst BEn BPITHRGS G e RS 2K mbtH 8“3‘&'8% el %e' m

h 9 . ! cfai 0°6r 11, wherein
the activity is (}g}@ﬁ@%@)&ﬂﬁ%ﬁﬁ&@iﬁﬁ expressienofethyeqrpitiing30d 4ntimethod agdording to claim

11, wherein thseegtifﬁ:%rceesgfl%%g IdDei[Sg)t:eQdc}?% gg'g‘i%xstlxj Qt?c%ded by a nucleotide of SEQ ID NO: 1, can
beused. Alternatively, a fragment of the protein can be used.
As used herein, a cellular exiract refers to a preparation or fraction that is made
from a lysed or disrupted ceil. The preferved source of cellular extracts will be cells

15 derived from human skin tissue or the human respiratory tract or cells derived from a
biopsy sample of human lung fissue in patients with allergic hypersensitivity.
Alternatively, cellular extracts may be prepared from normal tissue or available cell
lines, particularly granulocytic cell lines.

A variety of methods can be used to obtain an extract of a cell. Cells can be

20 disrupted using either physical or chemical disruption methods. Examples of physical
disruption methods include, but are not limited to, sonication and mechanical shearing.
Examples of chemical lysis methods include, but are not limnited to, detergent lysis and
enzyme lysis. A skilled artisan can readily adapt methods for preparing cellular extracts
in order to obtain extracts for use in the present methods.

25 Once an extract of a cell is prepared, the extract is mixed with the protein of the
invention under conditions in which association of the protein with the binding partner
can oceur. A variety of conditions can be used, the most preferred being conditions that
closely resemble conditions found in the cytoplasm of a human cell. Features such as
osmolarity, pH, temperature, and the concentration of cellular extract used, can be

30 varied to optimize the association of the protein with the binding partner.

After mixing under appropriete conditions, the bound complex is separated from
the mixture, A variety of techniques can be utilized to separate the mixture. For
example, antibodies specific to a protein of the invention can be used to

immunoprecipitate the binding partner complex. Alternatively, standard chemical
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the level of a nucleic acid comprising SEQ ID NO: 1. 15.Use of an effective amount of an agent in the
manufacture of a medicament for the treatment of a disease associated with aberrant expression of a
polypeptide according to claim 1, wherein said agent alters the activity and/or exgression of said

polypeptide W81 81T#18448¢& according to claim 15, wherein the agent is an %ﬂ?ﬂ&ﬁ}yﬂg@gﬁ'ﬁing to any

one of claims 7 to 9. 17.The use of claim 15, wherein the disease is cancer or a benign proliferative

disease. 1018 Jhe.tise REsiaimd d:ovheinthecprntsrisiaiactedfimethegrotpeetnsisting of
prostate cancer, breast cancer, multiple myeloma, lung cancer, non-small cell lung carcinoma, bone
cancer, liver %ﬁ@'pancreatic cancer, skin cancer, cancer of the head or neck, cutaneous or
intraocular melanomajsistetinecant eppermricnicd ndérarectaditansefosande tlst enEashdhregion,

stomach cancer, dcolon anceﬁrl,é yterine &%8%0@{@%@518{_&ﬁé&@@gﬁ@@ﬂ%&&pg}oma of the

. 1 3% Pt
endometrium."CarCifidma of t cervix, carcinoma of the vagina, carcinoma of the vulva, Hodgkin's

Disease, ancerofihedisophtigusaekncerorakabshan sHedimb e cretiaeRds dne'system,

cancer of the fyipidgland . cancetghiis-parmtivieid iiand saceralthecmaatigland, sarcoma of
soft tissue, cancer of the urethra, cancer of the pﬁnis, ch Q?ic racutel.lgullfemli‘?, %rinphocytic
lymphomas, cBrEstohaE SR abits TERERR GRS WHH%[?/‘ Grdtet SFenal €8f carcinoma, carcinoma

of the renal pelyisnpeoplasrosief dheteentiesbnyansnsystbriv{ENS)newroybbigdnal cancer, spinal

axis tumors, glioma, rneningioma, pituitary adenoma, and a ' of.apesar.more of the
foregoing cané&f@‘?@?ﬁg.%%eu%rgtfé);ncﬁjglamg@# %Jﬁ%?elﬁléﬁembseg}%%‘ﬁﬂg% i%gr[at?\(e disegar%e is selected from
the groupcconsistinfah psenasistivemigriprosiatectyparplabia, Aypéiad PHi BaaFete58s. PCTIGB

2808/001548.SE 5T < TFUTE FORGANGERRESEARCH and
UCL BUSINEggeﬂ’ 8%%%%%&#%%%%%gg#g%t%%%\gﬁrﬁgm%a(%%-ahrl; t'arget fé)r rap%@ycin (mTOR)

protein <130>tindeaRTVHE RExhE B Tied Ve HaniYFYEraaiay A°PsKdip L
procedures of Takayama ef al. (1997) Methods Mol. Bicl. 69, 171-184 or Sauder er al.

(1996) J. Gen.Virol. 77, 991-996 or identified using epitope tagged proteins or GST

15 fusion proteins,

Alternatively, the nucleic acid molecules of the invention can be used in a veast
two-hybrid system. The yeast two-hybrid system has been used to identify other protein
partner pairs and can readily be adapted to employ the nucleic acid molecules herein
described.

20 Without further description, it is believed that one of ordinary skill in the art can,
using the preceding description and the following illustrative examples, make and
utilize the agents of the present invention (e.g., nucleic acids and polypeptides) and
practice the claimed methods. The following working examples describe embodiments
of the present invention, and are not to be construed as limiting in any way the

25  remainder of the disclosure.

Examples

Example 1: Western Blot Analysis of rat tissues with the C-Terminal of mTOR
30 antibody
In contrast to yeasts, which have two TOR genes, mammals possess only one
gene, known to encode a single polypeptide with molecular weight of approximately
780 kDa. To further elucidate the regulation and downstream signaling of mTOR, a
monoclonal antibody (F11) was developed. This antibody (F11) recognizes specifically
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<211> 2121 <212> DNA <213> Homo sapiens 20<400> 1 atgcttggaa ccggacctgc cgccgecacc
accgctgcca ccacatctag caatgtgagc60 gtcctgcaga agaaggtcac tgaggatctg tccaaaaccc tcctgatgta
cacggtgcct120 gccgtccagg gcttetteeg ttccatctece ttgtcacgag gcaacaacct ccaggatacal80 ctcagagttc

tcaccttatg giitghttasaredactgge cagatgtcaa tgaggectta240 25gtggaggggg Yddabetaitbdgattgat
acctggctac aggttatacc tcagctcatt300 gcaagaattg atacgcccag acccttggtg ggacgtctca ttcaccagct

tetcacagac360, sHag 0% ARGAGTGRAA JASERICAIE InseiRA R cRnaRi RadlalackA gD g gacagcee
tgt

ggcacaatgc agccaacaag a tg%’a’aaga atgtgtga gcacagcaac480 accctggtcc agcaggccat gatggtgage

gaggagctga tcehagtygd bafvetotgysfordieRtGRd amingrealyaad ey gaagapratie deetgtactttgg

ggaaaggaact0Qsgiganagdea %QQQ#%M&Q@&@%%@M%@@%&@& 9HPGEEEERY660 actctgaagy
aaacatcctt taatcaggcc tatggtcgag afttaatgga ggcccaagag720 tggtgca aa%itgtcatgaa atcagggaat
¢

gtcaaggacc tcABERABGE R FYhS RSt it aRA G 1 GREARY Sitea SRS cteacate
cttagagctg840 Fanaaiaigittcegeaanasticlgagigs congacctiy aatiggildy gesagoaaeatfdatgacccca

accagccaat cattcgcatf cagtccatag cacegtcttt gcaagtcatc960 acatccaa aggcece tgaca
cttatgggca gca%%&%&%fggﬁctﬁa??lg %?é%ﬁ%Oé%gl%ﬁ&?%@%%%%%%“%%ﬁ%%@?ﬁ%@mgca
gctcttcggc108QBggtinatsecedtstgdt gaathdovea mratttdicpyanaskact cagatcsali 140
40agatacgctg t&%ﬁ%&?ﬁﬁ%@%ﬁﬁ%&é&g@@ﬁ%‘f%%fggg}%@%&&s&%%8%9&%%%9@%%%%9&9CCCtCﬁt

ccgggactac agggagaaga agaagatcct tctcaaca
was used, several strong immunoreactive bands were detected (Figure 1, upper panel}.

10 In addition to a 280-kDa band, which is highly abundant in rat brain, there were two
strong immunoreactive bands of approximately 80 kDa and 95 kDa. The 80-kiDa band
is highly expressed in liver, blood, kidney, small, and large intestine, while lung,
stomach, spleen, testis, and fat have medium/low level of expression. Interestingly, the
95-kDa band seems to be organ specific as it is only detected at a very high level in liver

15 {see Figure 1, upper panel). Furthermore, liver and blood possess a relatively weak but
distinctive band of approximately 135 kDa. Re-probing of the membrane with anti-
actin antibody served as a protein loading control. The detection of mTOR
immunoreactive bands with lower molecular weights could be explained by the
existence of mTOR splicing forms or by proteolytic degradation of a full-length protein.

290
Experimental Procedures for Plasmid Construction, siRNA and Expression Studies

For expression in mammalian cells, the full-length cDNA for mTORf was
cloned into the tagged eukaryotic expression vector pcDNA3.1/FLAG (Invitrogen).
Kinase inactive point mutant of mTORS with the substitution of Asp 514 to Glu (analog

25 of Asp 2357 to Glu in TORw) was generated with the use of a site-directed mutagenesis
kit (Stratagene) according to manufacturer's recommendations. Transient transfections
of cells were carried out with the use of ExGene 500 reagent (Fermentas), under
conditions recommended by the manufacturer. The mTOR siRNA was obtained from
MWG Biotech (21 nucleotide in length, corresponding to the 2241-2261 region of

30 human mTOR (Kim er al. 2002)). siRNA was transfected into Hek293 cells using
Lipofectarnine 2000 (Invitrogen) as recornmended by manufaciurer. The C-terminal
region of S6K1 (His-S6K1C, amino acids 332-502) was cloned into pET24a plasmid
(Novagene) in-frame with the 6His-tag sequence. The expression and affinity

purification of His-S6K.1C was carried out in BL21 DE3 cells using NTA-agarose
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gagcatcgca tcatgttgcg gatggctccg gactatgacc acttgactct gatgcagaagl320 gtggaggtgt ttgagcatgc
cgtcaataat acagctgggg acgacctggc caagctgctg 1380 tggctgaaaa gccccagcetc cgaggtgtgg tttgaccgaa
gaaccaatta tacccgttct1440 45ttagcggtca tgtcaatggt tgggtatatt ttaggcctgg gagatagaca cccatccaacl500
ctgatgctgg asEntetgagrigggaagatc ctgcacattg actttgggga ctgctttgag1560 dttgeta#giideeiagagaa
gtttccagag aagattccat ttagactaac aagaatgttgl620 accaatgcta tggaggttac aggcctggat ggcaactaca

gaatcacatg CCagaGAgY 1680 Al0830HEROsYA0RGFRRAYUAGIL ACAIBURCH iYtlBgaage dttgtctatl 740

50gaccccttgc ;Egaactggag gctgatggac acaaatacca aaggcaacaa gcgatcccgal800 acgaggacgg attcctactc

tgctggccag tc {égﬁﬁﬁafﬁ?géé’é’@ f§fgaactt1860 ggagagccag cccataagaa aacggggacc acagtgecag
aatctattca ttctttcatt1920 ggagacggtt tggtgaaacc agaggcccta aataagaaag ctatccagat tattaacaggl1980

gttcgagata agctcactgg tcgggacttc tct ig cactttgga tgttccaacg2040 55caagttgagc tgctcatcaa
acaagcgaca tcCey ﬁaﬁgggﬁ%e&g" %t‘%?a a@%% ggctggtgcee ctttetggta a2121 1 POT/GB 2009/00 1
548 <210> 2 <2113706°¢212mP RiFi<£2A 32z Hodnmsdpietis Sud@les 2vere purchased from

Sigma. The N-terminal anti-mTOR antibody was from SantaCruz. All other antibodies

were purchased from Cell Signaling. Human embryonic kidney HEK293 cells, human

breast MCF7 and Human liver HepG?2 cells were maintained at 37 °C and 5% COy in

Dulbeceo's modified Eagle's medium supplemented with 10% fetal bovine serum (FBS;

16 Hyclone), 2 mM L-glutamine, 50 units/mi penicillin, and 50 pg/ml streptomyein.

Experimental Procedures for RNA purification and RT-PCR
Total RNA was purified from HEK293, MCF7 and HepG2 cell lines using SV
Total RNA Isolation System (Promega). The first strand cDNA. was synthesized by
15 annealing 10 pg of total RNA and 5 pg of oligo dT primer using ReverAid H Minus
First Strand cDNA Synthesis Kit (Fermentas) at 70 °C for 5 minutes. Then RT mix
(final 1x reaction buffer, 40 U RiboLock ribonuclease inhibitor (Fermentas), and 1 mM
dNTP) was added and the solution and incubated for 5 minutes at 25 °C. After the
addition of RevertAid H Minus Reverse Transcriptase (Fermentas), the 25- ul reaction
20  mix was incubated for 10 minutes at 25 °C and 1 hour at 37 °C. The reverse
transcriptase reaction was stopped by incubating for 10 minutes at 70 °C. The reaction
mixture was stored at -20°C and 1 pl was used for each PCRs. The RT-PCR was
performed using a panel of specific primers for mTOR. Specific fragments of
glvceraldehyde-3-phosphate dehydrogenase (GADPH) and B-actin were amplified and
25  used as loading and quality controls of first strand DNA.

Example 2: Northern Blot analysis of mTOR in human tissue
To investigate these possibilities, i.e., the existence of mTOR splicing forms or
proteolytic degradation of the full-length protein, a Northern blot analysis of total RNA
30 samples purified from a panel of human tissues (OriGene) was initially performed. The
membrane was probed with a DIG-labelled mTOR probe (750 bp), corresponding to its
C-terminal coding region. In ihis analysis, the presence of several bands, which

hybridized specifically with the mTOR probe (Figure ) were observed. As expected,
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Met Leu Gly Thr Gly Pro Ala Ala Ala Thr Thr Ala Ala Thr Thr Ser 151015 Ser Asn Val Ser Val Leo Gin
Lys Lys Val Thr Glu Asp Leo Ser Lys 10202530 Thr Leo Leo Met Tyr Thr Val Pro Ala Val GIn Gly Phe
Phe Arg Ser 354045 lle Ser Leu Ser Arg Gly Asn Mn Leo Gin Asp Thr Leu Arg Val Leo 505560 15Thr
Leu Trp PhewAspis/exd494His Trp Pro Asp Val Asn Glu Ala Leo 65707580 aIGI@HNEELys Ala lle
Gin lle Asp Tim Trp Leo Gin Val lle 859095 Pro Gin Leu lle Ala Arg lle Asp Thr Pro Arg Pro Leo Val

Gly Arg 20100d05litéstieetindiisdbiml @0 dpentimafspile Ky wirghhwotlts FepetpitnAle ##5120125 Leo
lle Tyr Pro Lea.Tim Val Al r Lys Ser Thr Tim Thr Ala Ar. 35140 25His Asn Ala Ala Asn Lys lle
Leo Lys Asn &éf%}]@%f&ﬁ?gggg S tlf&i%ﬁ%gg%%v 'ﬁ!fr %e%?@él% irr?lgfn‘%elrae Me&t et Val Ser Glu
Glu Leo lle Argiviadd65100n7EcAtzie bEO Ttp HiFKB hvtorpliigiGibuaicedGivecindla Ser
30180185190 Arg,L 40, Ty ROe A Bl A AN AL S ¥ MenBle G h Vablege results

5  obtained in Western and Northern blot analysis strongly implied the existence of mTOR.
splicing forms. The Northern blot analysis aiso indicates that mTORP is highly
expressed in heart and liver, while kidney, liver, blood, small and large intestine have

the highest protein level of mTORS.

10 Experimentol Procedures for Northern Blot Analysis
The membrane-containing poly(A)” RNA samples from various human tissues
was purchased from OriGene. The Northern blot analysis was performed using DIG
Northern Starter kit (Roche Diagnostics) as recommended by the manufacturer. The
mTOR DIG-labeled RNA probe was generated by using a 750 bp PCR product,
15 corresponding to the C-terminal coding region of mTOR, as a template for the in vifro
transcription reaction with dioxigenin-11-UTP. The actin probe was supplied by the

manufacturer.

Example 3: Immuoprecipitation of mTOR beta

20 To further examine the nature of observed immunoreactive bands, mTOR was
immunoprecipitated from Hek293, MCF7, and Hep2G cells using the C-terminal
polyclonal antibody {Cell Signalling) and probed immune complexes in Western
blotting with the N-terminal mTGR antibody. As shown in Figure 3, two
immunoreactive bands in the range of 280 kDa and 80 kDa were clearly detected in the

25  immunoprecipitates from all three cell lines. However, mTOR was imimmoprecipitated
mTOR from these cell lines by using F11 Mabs, only one immunoreactive band of 280
kDa was observed (data not shown). The obtained results strongly suggest the existence
of a potential mTOR splice form which would possess both the N- and C-terminal
sequences and code a protein of approximately 700 amino acids in length. Therefore,

30  the most abundant transcripts of 2.7 Kb and 3.2 Kb, which were detected in mTOR
Northern blofting, have the potential to encode a splice variant of 80 kDa.
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195200205_ Glu Pro Leo His Ala Met Met Glu Arg Gly Pro Gin Thr Leo Lys Glu 210215220 35Thr Ser
Phe Asn Gin Ala Tyr Gly Arg Asp Leo Met Glu Ala Gin Glu 225230235240 Trp Cys Arg Lys Tyr Met
Lys Ser G!y Asn Val Lys Asp Leo Thr Gin 245250255 Ala Trp Asp Leo Tyr Tyr His Val Pile Arg Arg lle
Ser Lys Gin¥eca8268265270 Pro Gin Leo Thr Ser Leo Glu Leo Gin TyrR{dI'SBHEHEALHE | eo Leo
275280285 Met Cys Arg Asp Leo Glu Leu Ala Val Pro Gly Thr Tyr Asp Pro Asn 290295300 45Gin Pro

lle lle Arg lle Cl-;:l §?£é?fﬁ'ﬁr?§§’d§% UGN Mah-He30m310315320 Tim Ser L s Gln Arg Pro Arg L
Leo Thr Leu Mécfjmy zSer Asn Gly 32 Slﬁé? 01335%% Glu Phe Vval Pile ;Ei y g lp Asngezgs
ugfseﬁ hr eo

Arg Gin Asp 503403&?@5%?%@%&@%%@%%%8%@@ PRz iﬁé Asn
355360365 AR RIQ:EiBenE e tadtscAsaibeg Senlle BEPRY I Al VAl Iﬁm@ms%sne Pro

Leo Ser Thr ASD S8l 20" St ST G FRAAL AR sodium
5 pyrophosphate, 1 mM sodium orthovanadate, and a mixture of protease inhibitors

(Roche Applied Science). Whole-cell extracts were centrifuged at 10,000 X g for 30
minutes at 4 °C. Endogenous or transiently expressed proteins were
immunoprecipitated with corresponding antibodies immobilized on protein A-
Sepharose beads (Amersham Biosciences) for 3 hours at 4 °C. The immune complexes

10 wers then washed once with Tris-buffered saline containing 0.05% Tween 20 and the
Wash Buffer 1 (50 mM HEPES [pH 7.5], 40 mM NaCl, and 2 mM EDTA) with 1%
Triton X-100, Wash Buffer 1 with 500 mM LiCl and ¢.5% Triton X-100, Wash Buffer
1 with 500 mM LiCl, and Wash Buffer 2 (50 mM HEPES {pH 7.5] and 150 mM NaCl).
For Raptor or Rictor immunoprecipitation studies, cells were Iysed in ice-cold Buffer B

15 (Buffer A with 0.3% CHAPS instead of Triton ¥-100). The mTOR immunoprecipitates
were washed four times in Buffer B and twice in Wash Buffer 2. The immune

complexes were used for immunoblotting or for in virro kinase reactions,

Example 4: Identification of mTOR befa

20 To prove the existence of mTOR splice form(s), a PCR-based search for
corresponding cDNAs by employing a panel of mTOR specific oligonucleotides and
several human cell lines was carried out. In this analysis, Hek293 and MCF7 lines were
used where a potential splice variant was observed. In addition, the hepatoma cell line
Hep2G was also examined, since liver was found to possess several potential mTOR

25  splice variants in Northern and Western blotting. Initially, total RNA was purified from
sxponentially growing cells using 5V Total RNA. Isolation System (Promega). Then,
equal amounts of RNA purified from each cell line were converted into the first strand
cDNA by using ReverAid H Minus First Strand ¢cDNA. Synthesis Kit (Fermentas). The
quality of generated first strand cDNAs was tested by PCR amplification of actin and

30 GADPH fragments. Figure 4 shows that nearly equal amount of PCR products for
GADPH (570 bp) and B-actin (350 bp) were PCR amplified from cDNA preparations of
all cell lines. Fxtensive PCR analysis of generated first strand ¢cDNAs with various sets
of mTOR specific primers produced a panel of amplified fragments. The most

prominent bands were excised from the gel and sequenced. Among obtained mTOR
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f:g l’hr II_A\eo His Ala Leo lle Arg Asp Tyr Arg mu Lys Lys Lys lle 405410415 PCT/GB 2008 /0 0 1 548
—_ L;leVajnollli @ul l;ﬁ Arg IIS.MZ[ Leu Arg Met Ala Pro Asp Tyr 420425430 Asp His Leu Thr Leu Met
al Phe mu His Ala Val 435440445 5Asn Asn Thr Ala Gly Asp Asp Le
uAla L
zggI?rp Leudy$08%t3480455460 Pro Ser Ser Glu Val Trp Phe Asp Arg AP&W%A@%W@%r Ar{;ssl,_:ru
0475480 Leu Ala Val Met Ser Met Val Gly Tyr lle Leu my Leu my Asp Arg 10485490495 His Pro

Ser Mn Leu Met Let! Asp Ar Ser G| W Adis oReh L
i |
_IC_;rI]u Xal Ala N@ﬁ??ﬂgﬁﬁ’gggl%%ug%%& ggS% {%ngro GaI?J&gLst lle Igiob%P;ﬁ %Mﬁuﬁ ﬁrs g\rcg:jyl\s}l ePthLeeu
r Asn Ala Mét:5aRE3SHA0PCR frzgrmmt afppmgiastel AL PART Y 1’Fﬁrvf.l,ys His Thr val

B VAl Tyt AR B o0 o BOSBSST0S7S Al
second primer, located in the er?d of PAﬁ%%ﬁ%ﬁEQr(é? ’n
5 TTTGGACAGATCCTCAGTGACCT (SEQ ID NO: 6)). It is important to note that
this PCR product was specifically amplified from all three cell lines (see Figure 4A).
As shown in Figure 4B, the amplified fragments contain sequences corresponding to the
N-terminal region and the FATN domain of mTOR. The translation of generated
sequences clearly indicates the confinuation of the reading frame at the point of a splice

10 site (see Figure 4C). This splice form of mTOR (mTOR beta) has the potential to
encode a protein of 706 amine acids in length, consisting of the extreme N-terminal 23
amino acids and a stretch of 683 amino acids from the C-terminus of mTOR.

Tn order fo obtain the full-length coding sequence of this potential mTOR splice
form, PCR amplifications from generated first strand cDNAs using the extreme N1

15 (ATGCTTGGAACCGGACCTGCCG (SEQ ID NO: 7)) and C1
(TTACCAGAAAGGGCACCA (SEQ ID NO: 8)) mTOR specific primers were carried
out. By this approach, to a band of approximately 2.3 Kb was amnplified from Hek293
Frst strand ¢cDNA. Initial sequence analysis of the amplified band from the N- and the
C-terminal ends confirmed the existence of the predicted splice variant of mTOR.

20 The amplified PCR product was then fully sequenced and its nucleoctide
sequence (SEQ ID NO: 1)} was found to have mTORP specific intron/exon at
aucleotides 68 to 72. The obiained sequence has an open reading frame capable to
encode a protein of 706 amino residues (SEQ ID NO: 1). The position of a splice
fusion between the N-terminal (1-23 aa) and the C-terminal (1867-2549 aa) of mTORo

25 isindicated by an arrow.

The identified splice form of mTOR was termed “mTOR beta (mTORP)” and
the full-length protein (mTOR alpha (mTOR«)). In contrast to the full-length mTOR,
the mTORP splice form lacks all HEAT domains and the main part of the FATN
domain (see Fig 5). The HEAT domains have been implicated in mediating protein-

30  protein interactions. In mTOR, the sequences corresponding to HEAT domaing were
found to interact with Raptor and Rictor, which are key players in mTOR signaling.
Moreover, the sequences within the HEAT domain region were shown to localize

mTOR. to endoplasmic reticutum and Golgi apparatus. Recent studies indicated that
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280585590 Thr Lys Gly Asn Lys Arg Ser Arg Thr Arg Thr Asp Ser Tyr Ser Ala 595600605 25Gly Gin
er Val Glu lle Lgu Asp Gly Val Glu Leu Gly mu Pro Ala 610615620 His Lys Lys Thr Gly Thr Thr Val
Pro Glu Ser lle His Ser Phe lle 625630635640 Gly Asp Gly Leu Val Lys Pro Glu Ala Leu Asn Lys Lys

ﬁla lle Gin 38648680655 |le lle Asn Arg Val Arg Asp Lys Leu Thr Gly ArgPALFBHESEI s 660665670
sp Asp Thr Leu Asp Val Pro Thr GIn Val Glu Leu Leu lle Lys Gin 675680685 35Ala Thr Ser His mu

DNA <213 AT ”%sgégz-g%%%yg@r%g%?&iimgﬂ FeRiE05HOI B pRERL1> 7943 <212>
ggccgaagccb@rotein interactions, The mTOR%gI?c?ssesges ggact%" kgﬁgfgﬁ{gp%xx%%ug L t?,aggccn

kinase, and FATC domains. The presence of these domains suggests that mTORS

could serve as a protein kinase and its function could be regulated by Rapamycin and its

5  analogs. In addition, mTORP contains 23 amino acids of unknown function from the

extreme N-terminus and the C-terminal part of FATN domain. Bioinformatic analysis

of the FATN C-terminal region point towards the presence of a HEAT-like domain,

which might facilitate the interactions with regulatory proteins, such as Rictor and

Raptor.

i0

Example 5: mTORS regulation and celiular function

Following the identification and cloning of mTORS, the work on the
investigation of its regulation and cellular functions was initiated. Initially, the full-
length of mTORP was cloned in pcDNA3.1 expression vector in frame with the N-

15 terminal FLAG-tag epitope. To examine the level of expression, molecular weight, and
regulation of FLAG-mTORp, Hek293 cells were transiently transfected with pcDNA3.1
or pcDNA3.1/FLAG-mTORB. One day after transfection, celis were serum-starved for
36 hours and incubated in the presence or absence of Rapamycin for 30 minute. After
serum stimulation for one hour, cells were lysed and the lysates were used for Western

20  blotting or immunoprecipitation, When the supernatants of lysed cells were
immunoblotted with anti-mTOR polyclonal antibody (Cell Signalling), it was clear that
pcDNA3.1/FLAG-mTORP plasmid directs the expression of the protein with the
molecular weight of approximately 80 kDa (see Figure 6A, lower panel). The
expression of endogenous mTORP is evidently observed in Hek293 cells transfected

25  with pcDNA3.1 or peDNA3 I/FLAG-mTORf. Due to the presence of a FLAG epitope,
the mobility of FLAG-mTORS is slightly slower when compared to that of endogenous
mTORP. This analysis also showed that starvation/stimulation of cells with serum do
no affect the level or gel mobility of both endogenous and overexpressed mTORP. No
significant changes were also observed after Rapamycin treatment.

30 Stimulation of cells with serum or growth factors, such as IGF1 is known 1o
induce phosphorylation of mTORa on S2448. Originally, the phosphorylation of
mTOR at 82448 was found to be mediated by PKB/Akt. However, recent studies
have provided sirong evidence for the involvement of 86K in phosphorylating S2448.
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gcgcgaacct cagggcaaga tgcttggaac cggacctgcc gccgecacca ccgectgecacl20 cacatcta
gc aatgtgagc
tcctgcagca gtttgccagt ggcctaaaga geccggaatgal80 50ggaaaccagg gccaaagcecg ccaaggagct gc%g%a?:tat
gtcaccatgg aactccgaga240 gatgagtcaa gaggagtcta ctcgcttcta tgaccaactg aaccatcaca tttttgaatt300
ggtttccagc teagatgeaazatgagaggaa aggtggcatc ttggccatag ctagectcat360 &gddepdeEatgt§ggaatg
ggz;ccg??t tggc?gattt gsccaactatc ttcggaacct420 cctcccctcc aatgacccag ttgtcatgga aatggcatcc
ccattg gccgtettge %550@@& agaq Ogaﬁactltt@dcaqch&@%t%ggﬁgeg@@f% g ccct
; SRR a540
atggctgggt gc@?iggﬂgé‘ﬁ‘g eégﬁéjgccg6 glagacftg%I actgtcctgg ttctccgtga600 @é?g ccatc aggfggiccctgg
ccttcttctt ccageaagientaaachiibiottgatasnatBa0 dttiotgyteseTey gactatoas B eEgigag
t

GURGCIgIag Cogeceeal . EUMEA0PRL0 DB BT Beipiaapan oragalga gecgasggag
cagt gt gcc ] ‘caggcacaca t tg%agaag cagagaaggg atrtetgéaltga accttggcca aagagaaggg840

tC?aaa ;gg gafyataggarigontdgarugrgatt tralegait teghs @e’c?ﬁgﬁ&%ﬁ atg gagggagagc
glclgagaga aganalonas JRAAeRCRG adcadcans RO SAdARARARG SAGIT g aaagatatZhBYgCIcaga

aaaccftc gtcac;a c 0 ccccticacc agtttccagg ctgtacagce ccagcag ca aat cctlj[}%g tggggctgct1080

g?tggtacagc tctosicoTat Geatearg s erpm Y Hedy St eHANIE 140788 etghtg gagagecggt
gtigcagaga Cttjgﬁ;%%g gRaalig atsaanioiad 200 saagigdole ctgdaadgteagiaataguaatbelactcgety
atccaaatga caatcc taat260 10tttgttgccce %gtggqtgggﬂgtt % c tttctgccttc ac ga%%g.g% t&;%ccalSZO
a?a:taccatg aatisailgtbttiand Byt Ba A HIYAY A é%qg AYHUCCH380 Ceaageicety gdgctacttt
ctgtggctgt gaggictaan; taaggich-atiaenic k440 acid sequence is induced in response fo serum

10 stirmulation and is sensitive to Rapamyein.

Ts mTORP able to phosphorylate 56K and 4E-BP1, which are the main
physiological substrates for mTORe? To answer this question, FLAG-mTOR or
FLAG-TORq were immunoprecipitated from transiently transfected Hek293 cells. The
immurne complexes were then used in mTOR kinase reactions, containing cold ATP and

15 recombinant 4E-BP1 or His-86K1 €. The kinase reactions were resolved by SDS-
PAGE and immunobioted with phosphospecific antibodies pT389-S6K1 and pS65-4E-
BP1. Figure 6B undoubiedly demonstrates that mTORS can phosphorylate both S6K.1
and 4B-BP1 in vitro, but to a lesser extent than mTORa.

Studies from various laboratories indicated that mTOR requires binding partners

20 Raptor and Rictor for the phosphorylation of its downstream substrates: S6K., 4E-BP1
and PKB/Akt. Taking this into account, the interaction of mTORP with known mTOR
binding partners was tested. In this study, HEK293 cells were transiently transfected
with peDNA3.1/FLAG-mTORS and pRE-Raptor-HA or pcDNA3.1/ FLAG-mTORB
and pRE/Rictor-Myc or pcDNA3. 1/FLAG-mTORP and pcRK-GBL. The supematants

25 of lysed cells were immunoprecipitated with anti-FLAG monoclonal or control
nonspecific antibody. The immune complexes or total cell lysates from transfected cells
were resolved by SDS-PAGE and immunobloted with various antibodies. Figure 7
clearly shows that exogenously expressed Raptor, Rictor, and GBL form specific
complexes with mTORp in vivo. The specificity of interaction was tested by using

10 irrelevant antibody in the immunoprecipitation assay. Thus, similarly to the full-length
mTORa, the splice form is also capable to associate with Raptor, Rictor, and GPL. It
can also phosphorylate S6K1 and 4E-BP1 in vifro.
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cgtgctggac atcatccgag cggccctgec cccaaaggac ttcgeccata agaggcagaal500 ggcaatgcag gtggacgceca
cagtcttcac ttgcatcagc atgctggctc gagcaatgggl560 15gccaggcatc cagcaggata tcaaggagct gctggagcecc
atgctggcag tgggactaagl1620 ccctgccctc actgcagtgc tctacgacct gagccgtcag attccacagc taaagaaggal6e80
cattcaagat gyeradtgezagnatgctgtc cctggtectt atgcacaaac cccttcgccal 740 cecaggeatg/aocangggcc
tggcccatca gctggcectct cctggectca cgaccctccc1800 tgaggcecage gatgtgggca geatcactct tgccctccga

acgcttggea getttgaatt1 860 s0tgaagaceac ieislgaracaalligitag.conalgiac gateatingigaacagtgalozo

gcacaaggag atccgealtgg aggctgeecg cacctgetce cgectgetca caccetecat1980 ceaccteate agtggeeatg
ctcatgtggt tagecagatoeagtagtycaaeptyy thy e P0aorigrctRganhatifi by edtigysiaathgatect

gaccetgaca ttegetacta2100. -, JaigHdged (eeeidoacy A0e0sLioa MIGRRACLY. ORecagasaRRgaactigCa
2160 ZSQgccttggﬁst Sgt%lg%b ctga g%géacﬁc%%gt gtttgaga&tgé cgggagctggl%gcgat%%%a% gg%o t tgg%é%%b

ctcagtagca tgaabiétys. ciitheatgiQitectyrrgbaityaty ci2eetrr st agrils tigae aEGRRJatitacag

'9992t903 a0adicaaag AAGIIAG\IFEI0. RIS YPnRAGCIGacincanlac RasRadagte atcegoocct
acatggagcc2400 tatictgaag gcattaattt tgaaactgaa aga ccagac cctgatccaa acccaggtgt2460

30gatcaataat feptyysancadtaggidansttihebagcataieh it woakatagossd §¥8%atgaacttt
ttattatcat catggacatgciaeagaatt fecitalisR3Q JartrarRggnagyicirieddiggacctl gggacilitg

gtggccagca ctggctatgt2640 agtagagccc tacaggaagt accctacttt gcttgaggtg ctactgaatt ttctgaagac2700
tgagcagaac cagiigricaiBRdighghlg B EsHgige R 8&&?&4&@@5&&%&9’%@‘8@%&% aagcacaaag
tgaacattgg catgalagas eaiecean 8hat0sstse2 820 dBieageTOR eagaaticaaaditaag®a ggattcctct

cotgatgcdh atcHERuH SR AR A NG ot aaaag, creae e a9ia0e =540
known mTOR phosphorylation sites in S6K1 (pT389) and 4E-BP1 (p870, p537/46)
indicated that cells expressing mTORS are less sensitive to Rapamycin, when compared
to cells transfected with vector alone or pcDNA31/mTORo. Notably, the sensitivity
was more obvious in cells treated with low doses of Rapamycin, such as 1 nM.

15 Previous studies found mTOR o mainly in membrane fractions of endoplasmic
reticulum and Golgi apparatus. Furthermore, mTOR was also observed on the outer
mitochondrial membrane and in the nucleus. Sequences located in the HEAT domain
region of full-length mTOR (HEAT domain 18 and 19) have been implicated in
mediating its membrane localization. Taking into account that HEAT and FATN

20 domains are not present in mTORB, it was interesting to examine its subcellular
localization by fractionation. Exponentially growing HEK293 cells were fractionated
using ProteoExstract Extraction kit (Calbiochem). Both, mTORa and mTORJ were
immunoprecipitated from all fractions using anti-mTOR C-terminal antibodies. The
immune complexes were resolved by SDS-PAGE and immunoblotted with anti-mTOR

25  N-terminal antibodies. As expected, mTORo:. is detected in obtained cytoplasmic,
nuclear and membrane fractions. In contrast to that, mTORS is predominantly localized
in the cytoplasm (see Figure 9). The quality of prepared subcellular fractions was
analyzed by immunobiotting with anti-4E-BP1, HSP60, and c-Jun antibodies. Currently
immunofluorescent analysis is being employed to study subcellular localization of Myc-

30  mTORe and mTORS in transiently transfected Hek293 cells (starved/stimulated and in
response to cellular stresses).

To further investigate the role of mTORS in the regulation of cellular processes,

Hek?293 stable cell lines, overexpressing mTORD wild type or mTORo wild type, were
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catcaccttc atcttcaagt ccctgggact caaatgtgtg cagttcct
gc cccaggtcat3060 40gcccacgttc cttaatgt
'gcgagttctg tgatggggcc atccgggaat ttttgttcca3120 gcagctgaga atgttggtgt cctt?gtgaa %agccaca?cca
tc%?ct(; tata tgggtgaaatswo agtcaccctc atgagagaat tctgggtcat gaacacctca attcagagca cgatcattct3240
attgag cRaaBgiEctcttgg gggtgaattt aagetctace tgccccaget3300 gateEtab sttty

tcttcatgca tgacaacagc ccaggccgca ttgtctctat3360 45caa
gttactg gctgcaatcc agctgtttgg cgcc

reatg gccaacctg
ggc% c?aai: tg %%tﬁtg&%ﬁé? a%%gg%gtcgge gltagcl lgitigatge-ceciuR agaiatadigeeal Elagaaagyc 3480

gag c'gee gacgga gtccctggat ttcactgact atgcctcecgis4 acatgcac cctattgttc
tgaaéaéc;aac;?t?? c;;te@aﬁgpwmgaac@t@smc@@ag@@atgé% %%%%@%?ﬁ%ﬁc%g)t ?ffcea%%?dggggaagaag
B Cagéczf%%%%?nét?&g atana giiciggias gacarcgant caateatragsegordlgaigagctcatcty 3720

gaattgtc aagggataca cacttgctg tgaagaggag gatcctttga tttaccagca 3780 tcgc%ﬁtggcp gtggcc

aaggggatgc atquekfgtgyabetgiyd ansraptacsin e dgdads clgtacyica gcaccatcas cetccaaaag

gcctggggceg ctgee : . .
tgcigang g%a39 sgaélg%&%%ﬂg gatsiceaaa eataaciage ggaaiggtigagaligyotsiagectgyage

cagggatctc ttc@%ﬁg%%%;%ﬁ%@ %%%9%%3%&%%%%@&%@&%%9&5@020

agatcaaca4080 ggatgagctc atcagaa
tcgagttgge CCt&ﬁ‘@E&ﬁ&é}%g?@%&%Qﬂmma@éﬂe%mﬁgm@ﬁﬁtmhpt@@@aéfg@a&t@%@%?ééa%%t

gacaagggcc ccctgecact4200 Kite54 gagagat E% cattg it
; attg ftetactaog tgagagagetgeeaagtoce
gagcatatgc42@9%&@ﬁﬁb‘é‘&48réé%¥%§é:ﬂﬁg§é% z%éfgﬁ cg]asgaaaggc cccagccctg ccattcta a43290 atctctcatc

agcattaata ataggQetasa ggm@gg@gm@gggc@m@@dmmmdiesg it was found tha

10 mTORP expressing cells proliferate faster in comparison to control cells (see Figure
10). In contrast, mTORo wi expressing cells showed no difference in proliferation
compared to control cells. This confirms a role of mTORS, but not mTORet in
regulation of cell proliferation.

To investigate whether mTOR$ kinase activity has a role in the regulation of

15 ceil proliferation, a similar experiment was carried out in Hek293 cell lines,
overexpressing mTORP wild type, mTORS kinase dead (KD) mutant or EGFP. Cells
were seeded into a 96 well plate at various densities and grown under standard
conditions for 5 days. Cell numbers were then measured in each well by Resazurin
based assay. In six independent studies, it was found that mTORB expressing celis

20 proliferate approximately 1.6 times faster in comparison to control cells (see Figure 11).
The obiained data also indicate that mTORP KD mutant does not have a dominant
negative effect on cell proliferation, when expressed in Hek293 cells. It exhibits a
slightly opposite effect, as mTORP KD overexpressing cells grew to some extent faster
when compared with EGEFP cells.

25 It is further thought that the induction of cell proliferation by mTORp could be
transduced by various signaling pathways. One of those pathways, signaling via the
proto-oncogene Myc was examined. The proto-oncogene Myc is known 10 affect
growth, proliferation. differentiation, and apoptosis of cells through its ability to
regulate the transcription of a vast number of genes. ¢cMyc has been also implicated in

30 the regulation of tumor progression, including genetic stability, migration, and
angiogenesis. The expression and function of cMye protein is therefore tightly
controlled, Indeed many different pathways and factors have been identified that

modulate cMyc expression at the level of {ranscription and translation, and its protein
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atatgccatg aaacactttg gagagctgga gatccaggct acctggtatg agaaactgca4440 5cgagt
tggcctatga caagaaaatg gacaccaaca aggacgaccce 4500 agagctgatggctgggccgcg tgcg?:?gac%tg?gsgzcgfgt
ggggaatggg gtcaactcca4560 ccageagtge tgtgaaaagt ggaccctggt taatgatgag acccaageca )
agatggcccg¥E2QUeR(tgyetyct gcagetgcat ggggtttagg tcagtgggac ageatggady YSEMECHH #8380 tatgateect
tcgggacaccc atgatggggc attttataga gctgtgetgg cactgcatca4740 10ggacctcettc tccttggcac aacagtgeat
t?ti‘&aaggcc agaoacctac logaigciasdRofaliaacgrk aiggeabgegigaglisiag! odigoatatrggggccatgg
gcca 4860 catgctgtcc gagcetggagg a ttatcca}gt caa%actt tce 0a9ai4220 cat
atctggtggg agh@@&@%ﬁ%éﬁﬁ%%@sﬂ =5, WHIC GRS EE PRI IR 4240 catccgcecag
aggactggca4980 gaaaatcctt atggtgeggt cecttgtggt
cagcccteat gaggasatgangaassiggeif0s0pifoangtaies: aem-wo* gct cttgctcata
aaactitagt5100 gttgetecty g@g&“&atg cgictegacaaciigaseal foiGlossaRRREIcacEe T3 68 tcaggtgacc
tatgcctaca tgadRSECA Gt Agtgcccgcaaga’ tegatgeetts220 ccageacatg cagcattttg tccagaccat
gcagcaacag geendgoatef chateictaes280 tgaggaccag cagcataagc aggaactgca caagctcatg geccgatget

tcctgaaact5340 20tgqag£a9£t% cagclgaate tacagdcakeeaie Kitfeh
Qandieal GEEACR
?tactacagc gcegecacag ggcgcegaccg%ggctggt_ac aaggcctggc atgegtg ﬁlail(!;5460 aa@@tgaaci?(?goaagctg
ggcti:tzg;cut:? C??ﬁﬁi@t@@gi mmm@y@gégd@a@ﬁb@@ﬁ%gﬁa%égéggﬂ@ﬁé@cgﬁ’ 86% ccaa catcaccaac
9 é@%@%ﬁﬁg@%9&%%&%&?9&%@5&%%%@@&@&%@m@a@g@q@gﬁmeamga@ﬁs

gcgaggccgab caccgag aacagccceca ccccatcgec get
E gcagaag aaggtcactg aggatctgics5700
;332?;5%; g;g?g;tiza&w@@%@&%ﬁéﬁﬁ%@ﬁ%ﬁ%ﬁ%&%@%&?&% ¢ %%%Cag?:éctcc
aaagccatce ag%%t%g%?a%‘?%%%‘?%&%’%w@%%&i&%@ toBeiggrsagRigicantiodgyctliagtydagggggty
presented in Figure 10B, clearly dernonstrate that overexpression of mTORS, but not

mTOR leads to a significant increase in c-My¢ proi:ein level. The induction of ¢-Mye
translation is dependent on mTORP kinase activity, asa kinase dead mutant of mTORP
does not stimulate c-Myc expression (Figure 11B). The expression Jevel of transiently
15 expressed mTORO, mTORP wt, and KD mutant was monitored by immunobloting with
the C-term mTOR antibody. Overexpression of mTORP wt was found to increases the
level of Myc expression. It was also found that Hek293 cells, overexpressing mTORf
recover from Sorbitol-induced stress much faster than mTORa overexpressing cells.

To further investigate the role of mTORB in the cell eycle, Hek293 cells

20 overexpressing mTORB, mTORa or EGFP were pulse labeled with BrdU for 30
minutes and chased every 2 hours for 24 hours. Incorporation of BrdU into the cells
was measured by FACS analysis. The duration of the G1, S and G2 phases of cell cycle
observed for each cell line was determined (see Figure 12). The duration of S and G2
phases were similar in all three cell groups. However, the duration of the G1 phase was

55 ghorter in the mTORP overexpressing cells than in the mTORa or control cells. This
suggests that mTORP is critical for G1 progression of the cell cycle.

The effects of mTORP in serum starved cells were also assessed. Hek293 stable
cell lines, overexpressing mTORB wt, mTORo wi, mTORP kinase dead or EGFP were
serum starved for 60 hours. Cell survival was agsessed by the Trypan Blue dye

30 exclusion assay. It was found that overexpression of mTORp wi protected cells from
starvation induced cell death (see Figure 13A) and that mTORP kinase activity is

required for mediating this effect (see Figure 13B).
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ctggctacag gttatacctc agctcattgc aagaattgat acgcccagac ccttggtggg5940 30acgtctcatt caccagctte
tcacagacat tggtcggtac cacccccagg ccctcatcta6000 cccactgaca gtggcttcta agtctaccac gacageccgg
cacaatgcag ccaacaagat6060 tctgaagaac atgtgtgagc acagcaacac cctggtccag caggccatga
tggtgagcgabi2ugastatc cgagtggeca tectetggea tgagatgtgg catgaaggdd-tiGEaEG§EBE80 atctegtttg
tactttgggg aaaggaacgt gaaaggcatg tttgaggtgc tggagccctt6240 35gcatgctatg atggaacggg gcccccagac
tctgaaggaa acatccttta attaigrotacedffdatedrgat i Bgywessiayayteel ioraggaiag tacatgaaat

cagggaatgt6360 caaqg cC t acctcta ttat ticegacoa aagcar42Q gctgectcag
croneaect RS R B e
tgaccccaac cagtivadtyarttéggattea6640d0yteeditagea ey lctidgrsaspftsateatctaagtagiuggcceecgga

aattgacact660Q,ta1g9gcage, 3a000acalg, QgL 9&&%@9{@%@%@5&;@%@%@&9 ggatgagcgt

gtgatgcagc tcttcggect ggttaacacc cttctggcca atgacccaac6720 atct éggg aaaaacctca gcatccagag

atacgctgtd atcestititléyaetnpietésrBocgyaaddit yJétafee cattg Y BACHSIgE B ek tsdicc

gggactacag6840,45q0a0330289 Fadalesiicdeansalcn Scataataln A ARAC 998 {9a16ceg9a6900
ctatgaccac ttgactctga tgcagaagfgtgl aggtgttt gagcatgccg tcaataatac6960 agctggggac gacctggeca
agctgctgtg gct@%%@@‘&%éﬁ% ¢§ Hggtgtggtt7020 tgaccgaaga accaattata ccegttettt agcggtcatg

tcaatggttg ggtatatttt7080 aggcctggga gatagacacc catccaacct gatgctggac cgtctgagtg ggaagatcct7140
50gcacattgac tttggggactg%ctttgag t tggtatgacc cgagagaagt ttccagagaa7200 gattccattt agactaacaa

gaatgttgac caatetag gy JHacsl et i 7266 fadiatkga atcacatgee acacagtgat ggaggtgctg
cgagagcaca aggacagtgiiaZg catggecgigastggaagcet ftgtetdtgapobtctigtigaaotggdide tgathgacac7380

2002). Briefly, the kinase assay was performed in 30 ul at 30°C for 40 minutes and

contained about a quarter of the washed mTOR immunoprecipitates from 5 x 10°

HEK293 cells, 1 pg of a 4E-BP1 (Calbicchem) or 0.5 pg of recombinant His-S6K1C,

25 mM HEPES-KOH (pH 7.4), 50 mM KCI, 20% glycerol, 10 mM MgCla, 4 mM

15 MnCh, 1 mM DTT, and 50 uM ATP. The reactions were stopped by adding 5% sample
buffer and resolved by SDS-PAGE and analyzed by immunobloting.

Experimental Procedures for Inmmunoblot Analysis
Immune complexes or total cell lysates were separated by SDS-PAGE,

20 iransferred onto polyvinylidene difluoride membrane (PVDF) and incubated for 1 hour
with blocking solution (5% milk, Tris-buffered saline/T'ween 0.1%). Blocked
membranes were then probed overnight with primary antibodies at 4 °C. After
extensive washing with Tris-buffered saline with 0.1% Tween, the membranes were
incubated for 1 hour with secondary horseradish peroxidase-conjugated antibody at RT.

25  The antigen-antibody complexes were detected using the ECL system (Millipore).
When immunoblots had to be re-probed, the membranes were initially stripped (Restore
Western Stripping Reagent, Pierce) and incubated with another type of primary

antibody.

30 Experimental Procedures for Subcellular Fractionation
Subcellular fractionation of HEK293 cells was performed using ProteoExstract
Extraction kit (Calbiochem) as recommended by manufacturer. mTORa and mTORJ

were immunoprecipitated from all fractions using anti-mTOR C-terminal antibodies.
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aaataccaaa ggcaacaagc gatcccgaac gaggacggat tcctactctg ctggccagtc7440 55agtcgaaatt ttggacggtg
tggaacttgg agagccagcc cataagaaaa cggggaccac7500 agtgccagaa tctattcatt ctttcattgg agacggtttg
gtgaaaccag aggccctaaa7560 taagaaagct atccagatta ttaacagggt tcgagataag ctcactggtc gggacttctc7620
tcatgatgac aeftgditdseaacgca agttgagcetg ctcatcaaac aagcgacatc7680 HeidPHeAYktdd'y
ccatgaaaac gatgtgccca gaaaccatgg actgtatatt Sagaaacacaa ctctgccagt tcacgttttt tgagaaagtt aaaagttggt
ggcttgattt gctatatiggciiaipragctétdgariiol madighacdabatidotygigoccttiowtastt wiaFgccca

gtacttta gtaaatgctt ccactaagct atatttt t 7740 7800
7860 7920 7 é“egﬁli’@&%@?f% %%g%%}iﬁ%@%%%ﬁ; %;E)}ﬁ% és%ﬁg%%qﬁ%%ag %?A%gtﬁgeu Gly Thr
Gly Pro Ala AlarAteidihasTtic. AlarAteeThehn Skl 5381083 SpcArX/al Ser Val Leu Gin GIn Phe Ala

ggdrrgilg Leu Lys Ser Arg 202530 Asn Glu Glu Thr Arg Ala Lys Ala Ala Lys Glu Leu Gin His Tyr Val

5  Experimental Procedures for Stable cell lines production and cell proliferation assay

Stable cell lines overexpressing wild type and kinase dead mTORp were
produced by transfecting linearized pcDINA 3.1/FLAG-Tor § wtor pcDNA 3.1 FLAG
Tor B dead vectors in to HER293 cells. Cell lines were selected for 10 days on 500
ng/ml genetecin as recornmended by manufacturer (Invitrogen). For cell proliferation

10 assay, Hek293 stable cell lines, overexpressing mTOR B wt, mTOR f kinase dead and
EGFP were seeded into 96 well plate at various density (250, 500, 1000 and 2000 cell
per well) and grown under standard conditions for 5 days. Cell numbers were than
measured in each well by Resosurin based assay (Cell Titer Blue Promega)) as
recommended by the manufacturer. Normalized growth curves for each cell line were

15  calculated using data from ai least six independent experiments).

While the invention has been described and illustrated herein by references to
various specific materials, procedures and examples, it is understood that the invention
is not restricted to the particular combinations of material and procedures selected for
that purpose. Numerous variations of such details can be implied as will be appreciated

20 by those skilled in the art. It is intended that the specification and examples be
considered as exemplary, only, with the true scope and spirit of the invention being
indicated by the following claims. All references, patents, and patent applications

referred to in this application are herein incorporated by reference in their entirety.
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20Thr Met Glu Leo Arg Glu Met Ser GIn Glu Glu Ser Thr Arg Phe Tyr 505560 Asp Gin Leu Asn His His
lle Phe Glu Leo Val Ser Ser Ser Asp Ala 65707580 Asn Glu Arg Lys Gly Gly lle Leo Ala lle Ala Ser
Leo lle Gly Val 25859095 Glu Gly Gly Asn Ala Thr Arg lle Gly Arg Phe Ala Mn Tyr Leo Arg 100105110
Mn Leo Leu Pro Ser Asn Asp Pro Val Val Met Glu IV la Ser Lys 115120125 30Ala lle Gly Arg Leo
Ala Met Ala Gly Asp Thr Phe Thr Ala Glu Tyr 136485440 Val Glu Phe Glu Val Lys Arg Ala Leo Glu Trp
Leo Gly Ala Asp Arg 145150155160 Asn Glu Gly Arg Arg His Ala Ala Val Leo Val Leo Arg Glu Leu Ala
35165170175 lle Ser Val Pro Thr Phe Phe Phe Gin Gjn Yal Gin Pro P he A 5190 Asn lle
Phe Val Ala Val“figsagFpB 198 é‘ﬁ?,&f&}ﬂf&lﬂ}%@@{rhléy}i% E)‘Q@?%%&é %‘i@?aﬁg}gf eo Arg Ala
Cys Leo {gd-eqi T tHeGia iy 8oadis2d 385220 Pro Lys Glu Met Gin Lys Pro Gin Trp Tyr Arg His Thr

Phe Glu 225230235 Ala Glu Lys Gly Phe Asp Gilt Th
5  (a) an 1solated poiy;))/spti e compr?sgng Itlge az%h%oaé[?slé%%e%!:% |6¥%§(5y IM %}0: 2;

=D

(b) an isolated polypeptide comprising an amino acid sequence having at least 75%
sequence identity over the entire contiguous amino acid sequence of SEQ 1D NO: 2; and

() an isolated polypeptide comprising the amino acid sequence encoded by SEQ ID

NO: 1.
10
2. An isolated polynucleotide selected from the group consisting of:
(a) a polynucleotide encoding a mTOR beta polypeptide according to claim 1;

(b} a polynucleotide comprising the nucleotide sequence of SEQ ID NO: 1 or the
complement thereof;

15 (c) a polynucleotide comprising a nucleic acid sequence having at least 80% sequence
identity over the entire contiguous sequence of SEQ ID NO : 1 and encoding a mTOR beta
protein that phosphorylates S6K1 and/or 4E-BP1; and
(d) an isolated nucleic acid molecule which hybridizes to the nucleotide sequence of
SEQ ID NO: 1 or the complement thereof under conditions which employ 0.1x §5C at

20 68°C, encoding a mTOR beta protein which phosphorylates S6K1 and/or 4E-BP1 and
where the mTOR beta protein induces ¢-myc expression.

3. A polynuclectide according to claim 2, wherein said polynucleotide is operably

linked to one or more expression control elements.

25
4, A vector comprising a polynucleotide according to claim 2 or 3.
5. A host cell comprising a polypeptide according to claim 1, a polynucleotide
according to claim 2 or 3 or a vector according to claim 4.

30
0. An isolated antibedy that specifically binds to a polypeptide according to claim 1.
7. An antibody according to claim 6, wherein said antibody is monoclonal.
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45245250255 Arg Asp Asp Arg lle His Gly Ala Leo Leu lle Leu Asn Glu Leu Val 260265270 Arg lle Ser
Ser Met Glu Gly Glu Arg Leo Arg Glu Glu Met Glu Glu 275280285 50lle Thr Gin Gin Gin Leo Val His
Asp Lys Tyr Cys Lys Asp Leu Met 290295300 Gly Phe Gly Thr Lys Pro Arg His lle Thr Pro Phe Thr
Ser Phe Gin 305310315320 Ala Val Gin Pro Gin Gin Ser Asn Ala Leu Val Gly Leo Leo Gly Tyr
55325330335 Ser Ser His Gin Gly Leu Met Gly Phe Gly Thr Ser Pro Ser Pro Ala 340345350 POT/GB

2008 / 001548 Lys Ser..Tin' Leo Val Glu Ser Arg Cys Cys Arg Asp L.eo Met Glu GJu 355360365 Lys
ARy Ak e

Phe Asp Gin Val Cy$" be H VA1 % Lys s BHERYN%Er Leo lle Gin Met

Thr lle Leo Asn Leo Leu Pro Arg Leo Ala 385390395400 Ala Phe Arg Pro Ser Ala Phe Thr Asp Thr Gin
| [ Glu Arg Thr Ala
Tyr e G s TS R TR ML S SR QRS HANS YRR Rost e e o]
5 claim 5 under conditions in which a polypeptide according to claim 1 or a polypeptide

encoded by a polynucleotide according to claim 2 is expressed.

10. A method of screening for an agent that modulates mTORbeta activity, comprising
the following steps:

10 (a) contacting a polypeptide according to claim 1 with a test agent; and
(b detecting any change in the activity of said polypeptide, wherein a change in activity

is indicative of an agent capable of modulating mTORbeta activity.

il A method of screeming for an agent that modulates mTORbeta expression and/or

15 activity, comprising the following steps:
(a) providing a host cell according to claim 5 that comprises or expresses a a
polypeptide according to claim 1 or a polypeptide encoded by a polynucleotide according to
claim 2:
(b} contacting said host cell with a test agent; and

20 (c) detecting any change in the expression and/or activity of said polypeptide, wherein a
change in expression and/or activity is indicative of an agent capable of modulating

mTORbeta expression and/or activity.

12. A method according to claim 10 or 11, wherein the activity is detected by measuring

25 S6KI and/or 4E-BP-1 phosphorylation.

13. A method according to claim 10 or 1, wherein the activity is detected by measuring

expression of ¢c-Myc protein.

30 14 A method according to claim 11, wherein the expression is detected by measuring

the level of a nucleic acid comprising SEQ ID NO: 1.



Ala Phe Gin Ala Leo Gly Leo Leo Ser Val Ala Val Arg Ser Glu Phe 435440445 Lys Val Tyr Leo Pro Arg
Val Leu Asp lle lle Arg Ala Ala Leo Pro 450455460 15Pro Lys Asp Phe Ala His Lys Arg Gin Lys Ala
Met Gin Val Asp Ala 465470475480 Thr Val Phe Thr Cys lle Ser Met Leo Ala Arg Ala Met Gly Pro Gly
485490495 lle Gin GIn Asp lle Lys mu Leo Leo mu Pro Met Leo Ala Val my 20500505510 Leo Ser Pro

Ala Leo Thi.Ala Vaklodad yffdsyt e Sen AfgrGipdie 0 1bb205R05.Pra Gindeedivshyg Aspile Gin Asp

Gly Leu Leo Lys Met Leo Ser 530535540 25Leo Val Leu Met His Lys Pro Leo Arg His Pro Gly Met Pro
Ly>s/ GI;/J 52?%%%?@5@(&%855\%3%3&% ‘1‘_’828 %1%3-"5“8? B ERPY $RPFRCRIE Br6HTAIR 565570575

Ser Asp \GiGly SehdteiT isnid egeplalan Begdivibem®br SefPhea05%aRBRN9PmuPhe Glu my His
Ser Leo Thr Gin Phe Val Arg His Cys Ala Asp 595600605 His Phe Leo Asn Ser Glu His Lys Glu lle Arg

Met Glu Ala Ala Arg 610615620 35It Cys Ser Arg Leo Leo Thr Pro Ser lle His Leu lle Ser Gly His
5 16, The use according to claim 15, wherein the agent is an antibody according to any

one of claims 7 to 9.
17. The use of claim 15, wherein the disease is cancer or a benign proliferative disease.

16 18, The use of claim 17, wherein the cancer is selected from the group consisting of
prostate cancer, breast cancer, multiple myeloma, lung cancéfrjnon»smaﬂ cell hung
carcinoma, bone cancer, liver cancer, pancreatic cancer, skin cancer, cancer of the head or
neck, cutaneous or intraocular melanoma, uierine cancer, ovarian caneer, rectal cancer,
cancer of the anal region, stomach cancer, colon cancer, uterine cancer, carcinoma of the

15 fallopian tubes, carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, Hodgkin's Disease, cancer of the esophagus, cancer of the
small intestine, cancer of the endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the urethra,
cancer of the penis, chronic or acute leukemia, lymphocytic lymphomas, cancer of the

20 bladder, cancer of the kidney or ureter, renal cell carcinoma, carcinoma of the renal pelvis,
neoplasms of the central nervous system (CNS), neuroectodermal cancer, spinal axis
tumors, ghioma, meningioma, pituitary adenoma, and a combination of one or more of the

foregoing cancers.

25 19, The use of claim 17, wherein the benign proliferative disease is selected from the

group consisting of pseriasis. benign prostatic hyperplasia, hypertrophy, and restenosis.



625630635640 Ala His Val Val Ser Gin ThrAla'Val Gin Val Val Ala Asp Val Le6 645650655 Sér Cys
Leo Leo Val Val Gly lle Thr Asp Pro Asp Pro Asp lle Arg 40660665670 Ty%hﬁf@& ?ﬁ&]ﬂ_é(ﬁ%ﬁiﬁi&o
As@.Glu Arg Phe Asp Ala His Leo Ala 675680685 Gin Ala Glu Asn Leo Gin Ala Leo Phe Val Ala Leo
AS®Asp GIn Val 690695700 45Phe Glu lle Arg Glu Leo Ala lle Cys Thr Val Gly Arg Lea Ser Ser
705710715720 Met Asn Pro Ala Phe Val Met Pro Phe Leo Arg Lys Met Leo lle Gin 725730735 lle Leo
Th[ mu Leo Glu His Ser Gly lle Gly Arg lle LySEBING k1500745750 Ser Ala Arg Met Leo Gly His Leo
Val Ser Asn Ala Pro Arg Leo lle 755760765 Arg Pro Tyr lle Leo Lys Ala Leo lle Leo Lys
Leo Lys 770775730 @%%%IWc;%Ep FIQFOC%BRP%EA%%I ?m%%ﬁgs A!:Zr(%_ Asn i//al Leo Ala g
785790795800 Fr He Al Gl e9AlR Gl ihs3 @G =L 0r3 uabAa ARGkIEIT rp 805810815 7

protein
<130> N.101831 WO
14 <igh= 10
<170> Patentin version 3.4
15 <21= ],
<211 2121
«Z12= DHA
<213>= Homo sapiens
20 <40)=> 1
atgettgyas ceggacctge cgecgecace accgetgeca ccacatctag caatgigage 50
otcctgcaga agaaggtcac tgaggatctg tccaaaacce tcctgatgta cacggtgect 120
uecgtecagg gotiettccg ttceatcter ttgtcacgag geaacaacct ccaggataca 180
ctcagagtic tcaccttatg gittgabtat ggtcactgge cagatgtcas tgaggectta 240
25 gtggagagay tgasagecat ccagatigat acciggetac aggtiatace tcagcteatt 300
acaagaatty atacgcccag accettggtg ggacgictca ttcaccaget tcicacagac 360
attgatcggt accacccccea ggecctcatc tacccactga cagtggetic taagictacc 420
acgacagcec ggcacaatge agccaacaag attctgaaga acatgtgtga geacagcaac 480
accetggtee ageaggecat gatggtgage gagoagetgs tocgagtgge catcctetyg 540
30 catgagatgt ggcatgaagg cciggaagag geatctogit totackitog gomaaggaac 600
gtgaaaggca tgtitgaggt getggagoec tigeatgota tygatguascg gogeccccad 660
actctgasgg anmacatcctt taatcaggec tatggtegag atttaaigga ggcccaagag 720
tggtgcagga agtacatgaa atcagggaat gtcaaggacc tcacccaage ctgggacctc 780
tattatcatg tgttecgacg aatctcaaag cagetgecte agebcacatc cttagagetg 840
35 caatatottt ceccaaaact tctgatgbge cgggaccttg aatlggetgt gecaggaaca 200
tatgacccea accagecaat cabtcgeatt cagtecatag caccgtettt geaagteate 960
acatccaage agaggecccey gaaattgaca cttatggyca geaacggaca tgagtitgtt 1020
ttccttetaa aagyccatga agatctgege caggatgage gtgtgatgea getcttogge 1080
ctogttaaca ceettetgge caatgaccca acatctcttc ggaaaaacct cegeatccag 1140
44 agatacgctg tcatcecttt atcgaccaac tcgggectea ttogetgggt tecccactgt 1200
gacacactgc acgccctcat ccgggactac agggagaaga agaagatcct tetecaacate 1260
gagcatcgea tcatgtigeg gatgacteeg gactatgace actigactct gatgcagaag 1320
giogaggigt ttgageatge cgtcaastaat acagctgagg acgacctgye caagetgetg 1380
tugetgasaa geeccagete cgaggotgtgg tttgaccgaa gaaccaatta taccegtict 1440
45 ttageggtca tobcaatggt tgggtatatt ttaggectgg gagatagaca cccatoccaac 1500
ctyatactgg accgtctgay tgggaagatc ctgcacattg actttgggga ctgetttgag 1560
gttgctatga cccgagagaa ghttccagag aagattecat ttagactaac gagaatgttg 1620
accaatgcta tggagottac aggectggat ggcaactaca gaatcacaty ccacacagtg 1680
atogagotge tgcgagagea caaggacagt gicatggecg tgctggaage ctitgtetat 1740
50  gacceettge tgaactgyag gctgatggac acaaatacca aaggcaacaa gegatcccga 1800
acgaggacgg attcctacte tgotggocay toagicgasa ttttoggacgg tgtggaactt 1860
goagasccag cccatasgas aacggugacc acagtgecay aatctattca ttetdteatt 1920
ggagacggtt tgutgaaacc agaggeccta aataagasag ctatccagat tattaacage 1980
gttcgagata agctcactoy tcaggacttc tctcatgatg acacttigge tgttccaacg 2040
35 caagttgage tgetcatcaa acaagcgaca tcccatgeaa acctctgeca gtgetatatt 2100
ggctygtgee ctttetgota a 2121




Pcla 2008 /015 4 8 Vol Asp Glu Lou Phe lle lle lle Met Asp Met Lou Gin Asp Ser Ser-8268
Leu Ala Lys Arg Gin Vol Ala Leu Trp Thr Leu Gly Gin Leu Vol 835840845P5Ri8 SaaTrir (Bly ‘Wf 4’& VoI
Glgg@ro Tyr Arg Lys Tyr Pro Thr Leu 850855860 Leu Glu Vol Leu Leu Asn Phe Leu Lys Thr Glu Gin
AsITGin Sly Thr 865870875880 Arg Arg Glu Ala lle Arg Vol Leu Sly Leu Leu Sly Ala Leu Asp Pro
10885890895 Tyr Lys His Lys Vol Asn lle Sly Met lle Asp Gin Ser Arg Asp Ala 900905910 Ser Ala Vol
Ser Leu Ser Gtet&erd_ys Ser Ser GIn Asp Ser Ser Asp 915920925 15Tyr Ser Thr Ser Glu Met Leu Vol
Asn Met Sly A: :e ro Leu Asp 930935940 Glu Phe Tyr. Pro Ala Vol Ser Mej[ Vol Ala Leu Met Arg

lle Phe Arg 943990953960 Gin Ser Leu Ser His His His Thr Met Vol Vol Gin Ala lle Thr
20965970975 Phe lle Phe Lys Ser Leu Sly Leu Lys Cys Vol Gin Phe Leu Pro Gin 9130985990 Vol Met

Pro Thr Phe LeltAsia Vol lle Arg Vol Cys Asp Gly Ala lle 99510001005
Met Leu &1y Thr 81y Pro Alz Ala Ale Thr Thr Ala Ala The Thr Ser
i 5 10 i5
Ser Asn Val Ser Val Leu Gn Lys Lys Val Thr Glu Asp Leu Ser Lys
10 20 25 30
Thr Leu Leu Met Tyr Thr Val Pro Ala Va? Gln Gly Phe Phe Arg Ser
35 40 45
ITe Ser Leu Ser Arg 61y Ash Asn Leu Gln Asp Thr Leu Arg Val Leu
50 55 60
15 The Leu Trp Phe Asp Tyr Gly His Trp Pro Asp Val Asn Glu Ala Leu
&h 70 75 89
Val Glu Gly Val Lys Ala Ile Gln Ile Asp Thr Trp Leu Gin Val Ite
85 50 85
Pro Gin Leu Ile Ala Arg Ile Asp Thr Pro Arg Pro Leu Val Gly Arg
20 100 105 110
Leu Ile His Gin Leu Leu Thr Asp Ile Gly Arg Tyr His Pro Gln Ala
115 120 125
lLeu Ite Tyr Pro Leu Thr Val Ala Ser Lys Ser Thr Thr Thr Ala Arg
13p 135 140
25 His Asn Ala Ala Asn Lys Ile Leu Lys Asn Met Cys Glu His Ser Asn
145 150 155 160
Thr Leu ¥al GIn &In Ala Met Met Val Ser Glu Glu Leu Ile Arg Val
165 170 175
Ala ITe Leu Trp His Glu Met Trp His Glu Gly Leu Glu Gin Alz Ser
30 180 185 190
Arg teu Tyr Phe GTy Glu Arg Asn Val Lys Gly Met Phe GTu Val Leu
195 200 205
Glu Pro Leu His Ala Met Met Giu Arg Gly Pro GIn The Leu Lys Glu
210 215 220
35  Thr Ser Phe Asn Gln Ala Tyr Gly Arg Asp Leu Met &lu Ala GIn Glu
285 230 235 240
Trp Cys Arg Lys Tyr Met Lys Ser Gly Asn Val Lys Asp Leu Thr Gin
245 250 255
Ala Trp Asp Leu Tyr Tyr His Val Phe Arg Arg Ile Ser Lys GIn Leu
40 260 265 270
Pro GIn Leu Thr Ser Leu Glu Leu GIn Tyr Val Ser Pro Lys Leu Leu
275 280 285
Met Cys Arg Asp Leu Glu Leu Ala Val Pro Gly Thr Tyr Asp Pro Asn
280 295 300
45 Gln Pro Ile Iie Arg ITe Gln Ser Ile Ala Pro Ser Leu Gln Val Ile
305 310 315 320
Thr Ser Lys GTn Arg Pro Arg Lys Leu Thr Leu Met Gly Ser Asn Gly
325 330 335
His Giu Phe Val Phe Leu Leu Lys Gly His Glu Asp Leu Arg Gln Asp
56 340 345 350
Glu Arg Val et GIn Leu Phe Gly Lew Val Asn Thr Leu Leu Ala Asn
355 360 365
Asp Pro Thr Ser Leu Arg Lys Asn Leu Ser Ile GIn Arg Tyr Ala Val
370 375 380
35  Ile Pro Leu Ser Thr Asn Ser Gly Leu Ile Gly Trp Val Pro His Cys
385 390 395 400
Asp Thr leu His Ala Leu Ile Arg Asp Tyr Arg GTu Lys Lys Lys Ile
405 410 415




25Arg Glu Phe Lou Phe Gin Gin Leu Gly Met Leu Vol Ser Phe Val 101010151020 Lys Se
Pro Tyr Met Asp Glu lle Vol Thr Leu Met 102510301035 Arg mu Phe Tr&&fﬁmﬂ\sﬁ&@

S

gy

Thr lle lle 30104010451050 Leu Leu lie Glu Gin lle Vol Vol Ala Leu Gly Gly Glu Phe Lys
510601065 Leu Tyr Leu Pro Gin Leu lle Pro His Met Leu Arg Vol Phe Met 107010751080 35His

Arg—
Gin

Asp Asn Ser Pro Sly Arg lle Vol Ser lle Lys Leu Leu Ala 108510901095 Ala lle Gin Leu Phe my Ala

Asn Leu Asp Asp TyikeenHisl-aiks 14905101 110 hewkewRrerProplgyvol Lys Leu Phe Asp Ala Pro
mu Ala Pro 40111511203425 Leu Pro Ser A9 Lys Ala Ala Le##Glu Thr Vol Asp Arg Leu Thr

113011351 148:GHisSer [Tou s piethel ThysAsp By A4 Her
Arg Thr Leu
Vol Phe éin

His Arg

ig

15

20

25

30

35

40

45

50

55

Asp Gin &g
5 o T

Pro Ser Sar
465
Leu Ala VYal

His Pro Ser

ile Asp Phe
515
Pro Glu Lys
530
Glu Yal The
545
Met Glu Val

Ala Phe Val

Thr Lys Gly
545
Gly Gln Ser
810
His Lys Lys
625
Gly Asp Gly

ITe Ile Asn

Asp Asp Thr
675
Ala Thr Ser
630
Phe Trp
705

<2i0= 3

<211>» 7943
<212> DNA
<213 Homo

<400> 3

acgyggcety
gegegaacct
cacatctage
ggaaaccagy
gatgagtcaa
ggtitecage
agoagtggaa
cctecectce
catggcaggy
atggetgagt
gctggecate
tttigtogee

Glu ¥al T

474

Met Ser M
485
Asn Lau M
500
&ly Asp

Ile Pro P

Gly Leu A
5
Leu Arg G
565
Tyr Asp P
580

Cys Phe Glu Val

Arg Thr
475

Ile Leu

480

Leu Ser

rp Phe Asp Arg
et VYal Gly Tyr

et Leu Asp Arg
565

Ala Met

520
he Arg Leu Thr Arg Met
535

sp Gly Asn Tyr Arg Tle

50 555

Tu His Lys Asp Ser Val

570

ro Leu Leu Asn Trp Arg

585

Asn Lys Arg Ser Arg Thr Arg Thr

Val Glu I

The Gly T
6

teu Val Lys

645

Arg Val Arg Asp Lys lLeu

660
Leu Asp V

His Giu Asn bLeu Cys Gin

sapiens

aageggeggt
caggocaaga
aatgtgageg
gccaaageey
gaggagtcta
tcagatogeea
ggtgggaaty
aatgacccag
gacacttttia
getgacegea
agcgteccta
gtgtgggace

500
Te Leu Asp Gly Val Giu
£15
hr Thr Yal Pro Glu Ser
30 635
Pro Glu Ala Leu Asn
650
Thr Gly
665
al Pro Thr Gln
680

Yal Glu

Lys Tyr
695

accggtgcty decggeggcag
tgettyggaac cggacebgee
tectgeagea ghttigecagt
ccaagyaget coagcactat
ctegetteta tgaccaacty
atgagaggaa aggtggcaic
ccaccegaat tggeagattt
ttgteatgga aatggcatec
ccyctgagta cgtggaatit
atgagggeey gagacatgea
ccitettett ccageasgty
ceaaacagge catecgigag

fie M@ M Pro 114511501155 45lle Vol

Le AESqr Thr Ala 1160116511 70:Met Asp Thr Leu Ser Ser Leu
iplélgi OjifBE"SGin ligsphe lle Pro Met Vol Asn Lys Vol Leu Vol Arg

Asn Tyr The Arg Sep
480

Gly Leu Gly Asp Arg
4095

Gly Lys Ile Leu

510
Thr Arg Glu Lys
525

Leu Thr Asn Ala Het
5460
Thr

His

Phe

Yal

560
Giu

Cys His Thr

Met Ala Val Ley
575

Met Asp Thr Asn

530

Asp Ser Tyr Ser Als

605

Gly Glu Pro Ala

Leu

Leu

620

Ile His Ser Phe Ile

640

Lys Lys Ala Ile Gln
655

Arg Asp Phe Ser

670

Leu Ile Lys

6885

Ile Gy Trp Cys

700

His

Leu Gln

Pro

ctgaggcett ggecgasagee
geccgeeacca ccgetgecac
ggcctaaaga geeggaatga
gtcaccatgg aactccgags
aaccatcaca tttttgaatt
ttogecatag ctagecteat
gecaactate ticggaacct
aaggccattya gecgtettoe
gaggtgaagc gagcccetgga
getgtectog ttetcegtaa
caaccettel ttgacaacat
ggagctghag cegoectteg

60
120
180
240
0o
360
420
ABO
540
600
6ol
720



-563419611951260 He-Asn His Gin Arg Tyr Asp Vol Leu lle Cys Arg lle Vol Lys 120512101215 Gly Tyr
Thr Lou Ala Asp Glu mu Glu Asp Pro Leu lle Tyr Gin 122012251230 55p# g t W@%e@ Sly
GIn Gly Asp Ala Leu Ala Ser my 123512401245 Pro Vol mu Thr my Propf??e@LyWy@eu His Vol Ser

& lle 125012551260 PM 2008 /00 154 8 Asn Leu Gin Lys Ala Trp Gly Ala Ala Arg Arg Val Ser Lys

Asp 126512701275 Asp Trp Leu Glu Trp Leu Arg Arg Leu Ser Leu Glu Lea Leu Lys 128012851290

5Asp Ser Se&%&&@%%%E&g@éa%rgcﬁg&@&g}EE@aéd@adj_aﬁgéd@a@mcié’%ﬁ@:@Ol3% Ala Tyr Asn Pro Met

Ala Arg Asp LegRbaAsttdkaaiacRiwdvial 18 1bh8Es 1820 SeraCypgBrpsSer GdéllLeu Asn Glu Asp Gin

GlIn Asp Glu ketatéctg @%5@3@@&%&%%@?@@&%@&%& tEserieSer GIh Asp lle Ala Glu Val

1340134@13%%%%@1gggfﬁﬁéﬁ?;@ﬁ%ﬁﬁ%ﬂ%ﬁ@i‘ i

coectteace aghttecagg cigiacagec ccageagtca aatgecttag tggggetget 1080
ggogtacage totcaccaag gecteatggg atttgggace teccccagte cagoiaagic 1140
cacectggty gagageougt gttgoagaga ottgatggag gagamatity atcaggtgig 1200
ceagtogoty ctysaatgea goaatageas gaactegctg atccaaatga castccitaa 1260
10 ttigttgoee coottggety caticegace ttetgecttc acagatacce agtatctcca 1320
agataccatg aaccatgtcc taagetgtgt caagaaggag aaggaacgta cageggeett 1380
ceaagecetg gogetacttt ctgtgoctgt gaggtetgag tttaaggict atttgocted 1440
catgctggac atcatccgay cggecctgec cecaaaggac ttcgeoccata agaggcagaa 1500
ggcaatgcag gtggacgoca cagicticac ttgeatcage atgetggeic gageaatggg 1560
i5 gceaggeate cageaggata tcaaggagei gotggagece atgetggeag tgogactaag 1620
cectogooetc actgoagtyge totacgacct gagecgteay attccacage tanagasgga 1680
catteaagat gugetactga aaatgotgte cetggbeett atgoacaasac cocttogeca 1740
cccaggeatg cecaagggec tggeccatea getggectet cotggectca cgacccicee 1800
tuaggccage gatgtgggea geatcactet fgocetecga acgettggea getttgaatt 1860
20 tgaaggccac tctetgacce aatttgtteg ccactgtgeg gatcattice tgagcagtga 1920
gcacaaggag atcegeatgg aggctgeecg cacctgekee cgectygetcea caccectecat 1980
ccacctcatc agtagecatg clheatytygt tagecagace geagtgeaag tggtageaga 2040
tgtgettage asactgcteg tagttgogat aacagatcet gaccctgacs ttegetactg 2100
tgtettogeg teecctygacy agegetitga tgcacaccty geccaggegyg agaactigeca 2160
25 ggccttgttt gtggetetga atgaccaggt gtttgagatc cgggagetgg ceatctgeac 2220
tutgogecga ctcagbagea tgaaccetge ctttgicatg cctttectge geasgatget 2280
catccagatt tigacagagt tggagcacag tgggattoga agaatcaaag agcagagtgc 2340
cegeatgetg gygeacctgg tetecaatge coceccgacte atccgeecet acatggagec 24G0
tattctgaay geattaattt tgasactgaa agatccagac cotgatccaa acccaggtot 2460
30 gatcaataat gtcctggeaa caataggaga attggeacag gttagiggce tggaaatgag 2520
gaaatggott gatgaacttt ttattatcat catggacaty ctceaggait cetotitgtt 2580
ggccaaaagy cacgtagete tglygaccet gggacagtlg gtggecagea ctggctatgt 2640
agtagagece tacaggaagt accctacttt gettgaggtg ctactgaatt tictgaagac 2760
tgagcagaac cagggiacac gecagagagge catcegtgtg ttagggettt taggggetit 2760
35 ggatecttac aagcacaaag tgaacattgg catgatagac cagteccggg atocctctge 2820
tgicageety tcagaatcca agtcaagtca ggattectet gactatagea ctagtgaaat 2880
getggtcaac atgggaaact tgcctcigga tgagttctac ccagetgtgt ccatggtgge 2940
cctgatgegy atcticcgag accagtcact cictcatcat cacaccatgy ttgtccagge 3000
catcaccttc atcticaagt ccctgggact caaatgtgty cagttcctge cccaggteat 3060
40  goccacgttc ctiaatgtca ttegagtetg tgatggggec atccgggast tittgticca 3120
gecagctogga atgttggtot cotitgtgaa gagecacatc agaccttata tgoatgaaat 3180
agtcaccete atgagageat totgggtcat gaacacctea attcagagea cgatcattet 3240
tcteattgag casattgtog tagetcttgo gogtgaatit aagetctacc tgcccecaget 3300
gatcccacae atgetgegty tettcatuca tgacaacage ccaggoogla ttgtctctat 3360
45 caagttactg gyctgcaatce agetgiiigy cgecaaccty gatgactace tgcatitact 3420
getgecteet attgttasgt tgttigatge ccetgaaget ccactgecat cicgaaagge 3480
agcgctagag actgtggace gectgacgga ghecetggat tteactgact atgccteceg 3540
gatcattcac cctattgttc gaacactgga ccagagecea gaactgeget ceacagecat 3600
goacacgetg tettcacttg ttiticaget gyogaagaag taccaasttt fcettccaat 3660
50 gotgaataaa gttctggtye gacaccgaat caatcatcag coctatgatg tgetcatety 3720
cagaattgtc aagggataca cacttgciga tgaagaggag gatcctttga ttiaccagea 3780
tcggatoctt aggaghggcc aaggggatge attygctagt ggaccagigg aaacaggacc 3840
catgaagaaa ctgcacgtca goaccatcaa cctecaaaag gectggggey ctgccaggay 3900
ggtetccaaa gatgactgge tggaatgget gagacggctg agcctggage tgctgaagge 3960
55 cteateateg cocteectge gotectgety ggeectggea caggectaca accegatgge 4020
cagggatete ticaatgety catttgtgte ctgetggict gaactgaatg aagatcaaca 4080
ggatgagctc atcageagea tcgagttgge ceteacctca caagacatcg ctgaagtcac 4140
acagaccctc ttaaactitgg ctuaattcat ggaacacagt gacaagggee cectgecact 4200

Tt GHIISRSer Agh 135513601365



151 - Asp-Asp-Ash-Gly lle Val Lea Lea 137013751

Lys Cys Arg Ala Tyr Ala Lys Ala Leu His 138513901395 Tyr Lys G!zi;ryg@ gzgggf?@%@)l/ G giyAll“'?oAlTa;]r |

Pro Ala lle Lea 20140014051410 Glu Ser Lea lle Ser lle Asn Asn Lys Lea Gin Gin Pro Glu Ala o
_ 1514201425 Ala Ala Gl y Val Leu Glu Tyr Ala Met Lys His Phe Gly Glu Leu 143014351440 25Glu

lle'GIn Ala Thr Trp Tyr Glu Lys Lea His Glu Trp Glu Asp 144514501455 Ala Lea Val Ala Tyr Asp Lys

'I&)(: Il_\/(l;at élsp Thr Asn L%@%{i Pcé't%@p 4 Eg;gzggg@&rgc@g@g@@ MetkeiGlystag Met Arg Cys Lea Glu
y |l iy lRydLa0H e daibctin €y Sy GlUAYs Trp Thr Lea

1490149515@&: @éﬁsmé&mﬁw ?ﬂa&@tmﬁ\l@: kgpsgwet smbacm W@Nﬁt?ﬁ% AEH50515101515 35Ala
Ala Trp Gly LeatGiyp@indepritsp SerMetCRIESH? %i@ﬁ C %et lle P
His Asp &I ggses G gaca e Pro Arg Asp Thr
is Asp Ely Atagbige srw%g Ad 15857 aaa&%a zgﬁaggqegig 2?5@3 A Ph
Gin Gin Cys agagctgate chggdtegea tgcgetac cgaggc Sl@deeu e Ser Lea Ala
ceageagtge Totgasasgt ggaccctggt taatgatgag acccaageca agat gucocyg
gatggetget geagobgeat ggggtitagy tvagtaggac ageatggaag aatacaccltyg 4686
tatgatceet cgggacacce atgatyaggc attitataga octatgctgg cactgeatea 4740
10 ggacctette tecttggeac aacagtgeat Tgacaaggec agggaccige tognatgetge 4800
attaactgea atggeaggag agagttacag tegygoatat ggogecatgg tttottgoca 4860
catgctgtee gagctogagg aggttateca gtacasactt giccoegage gacgagagat 4920
rateegecay atciggtggg agagactgea gugctgecag cgtategbag aggactggca 4980
gaaaatcctt atggtgeggt coottgtgat cageccteat gaagacatga gaacctggel 5040
15 caagtatgea agectgtgeg geaagagiag caggeiooct ctigetcata asactttagt 5100
gttgctectg ggagttgatc cgtetcggea acttgaccat cefcoigecaa cagticacce K160
tecaggtgace ‘tatgectace tgaaamacat gt ggasgagt gcecgeaaga tegatgeett 5220
ceagcacaty cageattitg tccagaccat geageaacag gceccageatyg ceatcgetac 5280
tgaggaccag cagcataage aygaactgea caagetcatg gecegatget toctgaamact 5340
20 tggagagtgy cagctgaatc tacaggyeat caatgagage acaatcceca aagtgctgea 5400
gtactacagc goegecacag agracgactcg cagctggtac aaggectyge atgogtgage H460
agtgatgaac ticgaagctg tgctacacta caaacaicay aaccaagece gogatyagaa 5520
gaagaaacty cgtcatgcca goggggecaa catcaccaac gecaccactg ccgecaccac 5580
goccgecact gecaceacca ctgecageac Cgaggacage sacagtgaga gegaggocga D640
25 gagcaccgag aacageecca ccecategee gctgcagaag saggtcacty aggatctgte 5700
caaaaccctc ctuatgtaca cggtgeetge cgtocaggge ttcttoogtt ccatctoctt 5760
gtcacgagge aacaacctce aggatacact cagagttctc acctiatggl ttgattatgy 5820
tcactyggeeca gatgteaatg aggcettagt ggaggoogty aaagecatcc agattgatac  5BBO
ctggetacag gttatacctc agetcattge aagaatigat acgeccagac cettggtagg 5940
30 acgtcteatt caccagetic tcacagacat tggteggtac cacccccagg cceteateta 6000
cccactgaca giggcttcta agtctaccac gacageceyy cacaaigcay ccaacaagat 6060
tctgaagaac atgtgtgage acagcoaacac cctggtecay caggecatga togtgagega 6120
ggagchgate cgagtggeca tcctctggea tgagatotgy catgaaggec tggaagaggc 6180
atctegtityg tacttigyog asaggaacgt gaaaggeatg tttgaggtge tggagecoctt 6240
35 gcatgetaty atggaacggg goeoccagac fctgaaggaa acatcctita atcaggecta 8300
tggtcgagat ttaatogagg cccaagaytyg gtgcaggaad tacatgasat cagggaatgt 6360
caaggacckc acccaagoct gggaccteta ttatcatgtyg ticcgacgaa tcteaaagca 6420
gctgeeteag cicacatect tagagetgea atatgttice ccaaaacttc tgatgtgeeg 6480
ggaccttgaa ttggctatoc caggaacata tgaccccaac cagecaatca ttegeattca 6540
44 gtcecatagea cegtettige sagtegtcac atccaageag aggeoecgga aattgacact 6600
tatgggeage ascggacatg agtttgtitt ccttctassa ggccatgaag atctgogeca 6660
ggatgagegt gtgatgeage tetteggect ggttaacacc cttctggeca atgacccaac 6720
atetettegy asasacctca geatccagad atacgctgte atcectttat cgaccaacte 6780
gogecteatt ggetgggtic cccactgtga cacactgesc geecteatee gggactacag 6840
45 ggagaagaay aagatcctte tcaacatega geatcgeatc avgttgegga tggctecgga 6900
ctatgaccac ttgactctga tgeagaagat ggaggtgtit gagcatgecg tcaataatac 6960
agctagggac gacctggeca agctgetgty gotgaaaage cccagetocg agotgtgget 7020
tgaccgaaga accaattata ccogttettt ageggteaty tcastgotig ggtatatttt 7080
aggeciygga gatagacacc catccaacct gatgetggac cgbetgagtg ggaagatcet 7140
50 gcacattgac +tiggogact gettigagots tgcetatgacc cgagagaagt ttccagagaa 7200
gattceattt agactaacaa gaatgttgac caatgctatg gaggtiacag gectggatgg 7260
caactacaga atcacatgcc acacagtgat ggaggatgctg cgagagcaca aggacagtgt 7320
catggecgtg ctogaagect ttgtetatga ccoettgetg aactggagge tgatggacac 7380
asataccaaa ggcaacaage gatccogaac gaggacggat tcetactetg ctggeeagic 7440
55 agtcgaaatt ttggacggty tggaacttgy agagccagee cataagaaaa cggggaccac 7500
agtgceagaa tctattcatt cttteattyg agacgattty gtgasactay aggccctaas 7560
taagaaagcet atccagatta ttaacagogt tegagataay ctcacigotc gggacttcte 7620
teatgatgac actftggatg ftccaacgea agttgagetg ctcatcaaac aagcgacatc 7680



e llnna 000 || 1 Arg Asp Lea Lea Asp Ala Glu Lea Thr Ala Met 156515701575 Ala
Gly Glu Ser Tyr Ser Arg Ala Tyr Gly Ala Met Val Ser Cys 15801585158 /4 gadtlLdh Serclu Lea
Glu Glu Val lle Gin Tyr Lys Lea Val 159516001605 Pro Glu Arg Arg Glu ile IIe Arg GIn lle Trp Trp Glu
Lea 161016151620 Gin Gly Cys Gin Arg lle Val Glu Asp Trp GIn Lys lle Lea Met 50162516301635
al Arg Ser Lea VaI Val Ser Pro His Glu Asp Met Arg Thr Trp 164016451650 Leu Lys Tyr Ala Ser Leu

Cys Gly Lys Ser G Lea Ala L% 1,35516 665 g@é_}l@cggésgg nrleayal Li
jal Li Lea Lea Gly Val
?gp Pro Ser %F @J%Z 1@ Cﬁgg%écﬁgoglg@g@wﬂ@gf\%iﬂs Preydsin Val Thr Tyr
85169016 gdt@ gggcﬁgﬁ;ﬁlaa'gymk&eg lays dsmMetdrmgigis SE6Ala Arg Lys lle Asp Ala

17001705171&@@&@Imdah5tk43t Gigpdisde e VeoGin ThYMeEGiFr GBI IGin A’i%ﬂ
5 agaaacacaa ggcttgatit gyt

<Zii> 4
<Zil> 2549
10 =212= PRT
<213> Homo sapiens

<400> 4
Met Leu Gly Thr Gly Pro Ala Ala Ala Thr Thr Ala Alz Thr Thr Ser
15 1 5 ig 15
Ser Asn Val Ser Val Leu Glm Gln Phe Ala Ser Gly lLeu Lys Ser Arg
20 25 30
Asn Glu Glu Thr Arg Ala Lys Ala Ala tys Giu Leu GlIn His Tyr val
35 AQ 45
20 Thr Met Glu Leu Arg Glu Met Ser Gln Glu Glu Ser Thr Arg Phe Tyr
50 55 60
Asp GlIn Leu Asn His His ITe Phe Glu Leu val Ser Ser Ser Asp Ala
65 70 75 80
Asn Giu Arg Lys Gly Gly Ile Leu Ala Ile Ala Ser lLeu 1le Gly Val
25 85 80 95
Glu Gly Gly Asn Ala Thr Arg Ile Gly Arg Phe Ala Asn Tyr Leu Arg
100 105 110
Asn Leu Leu Pro Ser Asn Asp Pro Val Val Met Glu Met Ala Ser Lys
115 120 125
30 Ala Ile Gly Arg Leu Ala Met Ala Gly Asp Thr Phe Thr Ala Glu Tyr
130 135 140
Val Glu Phe Glu Val Lys Arg Ala Leu Glu Trp Leu Gly Ala Asp Arg
145 150 155 160
Asn Glu Gly Arg Arg His Ala Ala Val Leu Val iLeu Arg Glu Leu Ala
35 165 170 175
Iie Ser Yal Pro Thr Phe Phe Phe GIn Gin Val Gin Pro Phe Phe Asp
180 i85 190
Asn Ile Phe Val Ala Val Trp Asp Pro Lys Gln Ala Ile Arg Glu Gly
195 200 205
40  Ala Val Ala Ala Leu Arg Ala Cys Leu ITe Leu Thr Thr Gln Arg Glu
216 215 220
Pro Lys Glu Met GIn Lys Pro Gin Trp Tyr Arg His Thr Phe Giu Glu
225 230 235 2440
Ala Glu Lys Gly Phe Asp Glu Thr Leu Ala Lys Glu Lys Gly Met Asn
45 245 250 255
Arg Asp Asp Arg Ite His Gly Ala Leu Leu Ile Leu Asn Glu Leu Val
260 265 270
Arg I1e Ser Ser Met Glu Gly Glu Arg Leu Arg Glu Blu Met Glu Glu
275 280 285
50 11e Thr Gin Gln Gln Leu Val His Asp Lys Tyr Cys Lys Asp Leu Met
290 295 300
Gly Phe Gly Thr Lys Pro Arg His Ile Thr Pro Phe Thr Ser Phe &ln
305 310 315 320
Ala Val 61n Pro Gin Gin Ser Asn Ala Leu Val Gly Leu Leu Gly Tyr
55 325 330 A35
Ser Ser His Gin 61y Leu Met Gly Phe Gly Thr Ser Pro Ser Pro Ala
340 345 350




~—3£353-£204725-6mHis-Alatte-Ala Thr Glu Asp Gin Gin His Lys Gin Glu Leu 173017351740 His Lys
Leu Met Ala Arg Cys Phe Leu Lys Leu Gly Glu Trp GIn 1745175017556 ga0ger Gia & ‘ﬁlléAsn
Gl Ser Thr lle Pro Lys Val Leu 10176017651770 Gin Tyr Tyr Ser Ala Ala Thr Glu His Asp Arg Ser Trp
@ Lys 177517801785 Ala Trp His Ala Trp Ala Val Met Asn Phe Glu Ala Val Leu His 179017951800
15Tyr Lys His GIn Asn Gin Ala Arg Asp Glu Lys Lys Lys Leu Arg 180518101815 His Ala Ser Gly Ala

Asn lle Thr Awﬁgjﬁfﬂ; Thr Ala Al sEni8201 825 A83A:d heAlavAday TaAla Thr Thr Thr Ala Ser Thr
Glu Gly Ser Asn 20188518401845 Ser g&tu Ser Glu Ala Giéser Thr Glu Mn Ser Pro Thr Pro Ser

_}_85%8&331&3@@?223%11 (#5]y) Wszy§WaTWHkBGM%§(§SLC§F BarsysThiteu Leu 186518701875 25Met
yr Thr Val Pro Afé®Val Gin Gly Phe’Phe Arg Ser lle 8018851 Leu Ser Arg Gly M
e e B R . T AR50 559 Lo Ser g Gl in i L

9 395 400
Ala Phe Arg Pro Ser Ala Phe Thr Asp Thr Gln Tyr Leu Gin Asp Thr
405 430 415
Met Asn His Val Leu Ser Cys Val Lys Lys Glu Lys Glu Arg Thr Ala
10 420 425 430
Ala Phe &n Ala Leu Gly Leu Leu Ser Yal Ala Val Arg Ser Glu Phe
435 440 445
Lys Val Tyr lLeu Pro Arg Val Leu Asp Ile Ile Arg Ala Ala Leu Pro
450 455 460
i5 Pro Lys Asp Phe Ala His Lys Arg B1n Lys Ala Met Gin Val Asp Ala
465 470 475 480
Thr Val Phe Thr Cys Ile Ser Met Leu Ala Arg Ala Met Gly Pro Gly
485 490 495
Ile Gln Gln Asp Ile Lys Glu Leu Leu GIu Pro Met lLeu Ala VYal Gly
20 500 505 510
teu Ser Pro Ala Leu Thr Ala Val Leu Tyr Asp Leu Ser Arg Gln Ile
515 520 525
Pro Gin Leu Lys Lys Asp [le G1n Asp Gly Leu Leu Lys Met Leu Ser
530 535 540
25 Leu Val Leu Met His Lys Pro Leu Arg His Pro Gly Met Pro Lys Gly
545 550 555 560
Leu Ala His GIn Leu Ala Ser Pro Gly Leu Thr Thr Leu Pro Glu Ala
565 570 575
Ser Asp Val Gly Ser Ile Thr Leu Ala Leu Arg Thr Leu Gly Ser Fhe
30 580 585 580
&7u Phe Glu Gly His Ser Leu Thr GIn Phe Val Arg His Cys Ala Asp
595 600 605
His Phe Leu Asn Ser Glu His Lys Glu Ile Arg Met Glu Ala Ala Arg
610 615 620
35 Thr Cys Ser Arg Leu Leu Thr Pro Ser Ite His Leu Ile Ser Gly His
625 630 635 640
Ala His Val ¥al Ser Gln Thr Ala Val Gin Val Val Ala Asp Val Leu
645 650 655
Ser Lys Leu Leu Val Yal Gly Ile Thr Asp Pro Asp Pro Asp Ile Arg
40 660 665 670
Tyr Cys Val Leu Ala Ser Leu Asp Glu Arg Phe Asp Ala His Leu Ala
675 680 685
Gln Ala Glu Asn Leu Gln Ala Leu Phe Val Ala Leu Asn Asp Gin Val
690 695 700
45 Phe Glu Ile Arg Glu Leu Ala Ile Cys Thr Val Gly Arg Leu Ser Ser
705 710 715 720
Met Asn Pro Ala Phe Val Met Pro Phe Leu Arg Lys Met Leu Ile €ln
725 730 735
Ile Leu Thr Glu Leu Glu His Ser Gly Ile Gly Arg Ile Lys Glu Gin
50 740 745 750
Ser Ala Arg Met Leu Gly His Leu Val Ser Asn Ala Pro Arg Lau ITe
755 760 765
Arg Pro Tyr Met Glu Pro Ile Leu Lys Ala Leu Ile Leu Lys Leu Lys
770 775 780
55  Asp Pro Asp Pro Asp Pro Asn Pro Gly val ITe Asn Asn Val Leu Ala
785 790 795 800
Thr I1e Gly Glu Leu Ala GIn Val Ser Gly Leu Glu Met Arg Lys Trp
805 810 815




- Leu-Trp-Phe-Asp-Tyr Gly His Trp Pro Asp Val Asn Glu Ala Leu 30191019151920 Val Glu Gl y Val Lys
Ala lle Gin lle Asp Thr Trp Leu GIn Val 192519301935 lle Pro Gin Leu pg%lp fg@llﬁ @ﬁ)?l’ﬁrlpgo Arg
Pro Leu Val 194019451950 35Gly Arg Leu lle His GIn Leu Leu Tim Asp lle Gly Arg Tyr His
1019601965 Pro Gin Ala Leu lle Tyr Pro Leu Thr Val Ala Ser Lys Ser Thr 197019751980 Thr Thr
Ala Arg His Asn Ala Ala Asn Lys lle Leu Lys Asn Met 40198519901995 Cys Glu His Ser Asn Thr Leu
Val Gin GIn AlaMef Met Malfberr200020062681 BspshatGlen 8o HepArg Vad Ala lle Leu Trp His Glu Met
Trp His 201520202025 4%G|u Gly Leu Glu &fu Ala Ser Ar Le@?ﬁrxr Phe Gly Glu Arg Asn
20302035204V 4FLYE GIF KR ﬁe"@l%ﬁ&%&u@*ﬂf PFY E&l B Ba"Ret Met 204520502055 Glu Arg

Gly Pro Gin Thr Lgu VSG@' FNSSLPRG Asn GinAa R0<0502065200 Tyr Gly Arg Asp Leu Vet Glu
Ala Gin Glu Trp Gys Arg Lys yr 208520802085 Met Ly Ser Gly Asn Val Lys Asp Leu Thr Gin Ala Trp

Asp Leu

10

15

20

tet Glu Val Leu Leuw Asn Phe Leu Lys

865
Arg Arg Glu

Tyr Lys His

Ser Als Val
a15
Tyr Ser Thr
930
Glu Phe Tyr
945
Asp Gln Ser

Phe Ile Phe

Ala Yle

885
Lys Val
900
Ser Leu

Ser Glu

Pro Ala

Ser
965
Ser

Leu

Lys

B70
Arg Vai Leu &ly

Asn Ile Gly Met
o205

Ser Glu Ser Lys

920
Met Leu Val Asn
935

¥al Ser Mek Val

950

His His His Thr

Leu Gly Leu Lys

The &lu Gin Asn Gin 81y The

B75
Leu Leu Gly
890
Ile Asp Gln

Ser Ser &in

Met Gly Asn
040
Ala Let Met
955
Met Val Val
970
Cys Val Gln

Ala Leu Asp
895
Ser Arg Asp
910
Asp Ser Ser
925
Leu Pro leu

Arg Tie Phe
Gln Ala Ile

975
Phe Leu Pro

25

30

35

40

50

55

480
Val Met Pro Thr Phe
9495
Arg Glu Phe Leu Phe G1n
1010
Ser HWis Ile Arg Pro
1025
Glu Phe Trp Vat Met
1040
Leu Ile Glu Gln ile
10585
Tyr Leu Pro Gin Leu
1070
His Asp Asn Ser Pro &ly
1085
ITe Gln Leu Phe Gly
1100
Leu Pro Pro Ile Val
1115
Pro Ser Arg Lys Ala
1130
Ser Leu Asp Phe Thr
1145
Yal Arg Thr Leu Asp
1160
Met Asp Thr Leu Ser Ser
1175
Iie Phe Ile Pro Met
1180
Ile Asn His Gin Arg Tyr
1205
Gty Tyr Thr Leu Ala Asp
1220
His Arg Met Leu Arg Ser
1235
Pro Val
1250

Lys
Arg
Leu

Leu

Ala
Leu
Leu
Glu

Ile

Gin

Glu The Gly Pro

Leu Asn VYal

985

1000
Gin Leu Gly Met Leu Val
1015 1020
Tyr Met Asp Glu Tle Val
1030 1635
Asn Thr Ser Ile Gln Ser
1045 1050
Val V¥al Ala Leu Gly Gly
1060 1065
Ile Pro His Met Leu Arg
1075 1080
Arg Tle Val Ser Ile Lys
1096 i0es
Ala Asn Leu Asp Asp Tyr
1105 1110
lys Leu Phe Asp Ala Pro
1120 1125
Ala Leu Glu Thr Val Asp
1135 1140
Asp Tyr Ala Ser Arg Tle
1150 1155
Gin Ser Pro Glu Led Arg
1165 1170
Lew Val Phe Gln Leu &1y
1180 1185
Val Val
1195 1200
Asp Val Leu Ile Cys Arg
1210 1215
Glu Glu Glu Asp Pro Leu
1225 1230
Gly GIn Gly Asp Ala Leu
1240 1245
Met Lys Lys beu His Val
1255 1260

Asn Lys VYal Leu

950

Ser Phe
Thr Leu
Thr Ile
Glu Phe
Val Phe
Leu lLeu
Leu His
Glu Ala
Arg leu
ITe His
Ser Thr
Lys Lys
Arg His
Ile Val
e Tyr
Ala Ser

Ser Thr

8a0
Pro

Ala
Asp
Asp
Arg
9560
Thr

Gin

I1e Arg Val Cys Asp Gly Ala Tle
1005

Yal
Met
Ile
Lys
Met
Ala
leu
2ro
Thr
Pro
Ala
Tyr
Arg
Lys
Gin
Gly

Tle



znqnvn%?loq....ssTyr Tyr His Val Phe Arg Arg lle Ser Lys Gin Leu Pro Gin Leu 210521102115 Thr Ser
eu Glu Leu Gin Tyr Val Ser Pro Lys Leu Leu Met Cys 212021252130 18 i%ﬁvﬂigp@é(iésgo Ar
Asp Leu Glu Leu Ala Val Pro Gly it Tyr Asp Pro Asn Gin 213521402145 Pro lle lle Arg lle Gin Ser lle )
Pro Ser Leu Gin Val II_e 215021552160 Thr Ser Lys Gin Arg Pro Arg Lys Leu Thr Leu Met my Ser
n 216521702175 Gly His Gl u Phe Val Phe Leu Leu Lys Gly His Glu Asp Leu Arg 218021852{90

Gin A '
T S”f'“@ﬁé{ﬁ' &('ﬂ%'ﬂw%%?d?; Gy, hew MalMvEhr ke 30249522002205 Leu Ala Asn Asp Pro
Gly L:L Ili“@;%%g%gg;@@;;;er llezmin 22102215222@7Arg Tyr Ala Val lle Pro Leu Sr Thr Asn Ser
18T oo/ dirP g ¢ ‘15%‘ ];Fg)
224022452250 1280 ILi?fgzss His '%2 G-Fﬁl'! L&l ifs Ala Leu lle Arg Asp Tyr
5 Asp Ser Ser Ser Pro Ser Leu Arg Ser Cys Trp Ala Leu Ala Gln
1295 13060 1305
Ala Tyr Asn Pro Met Ala Arg Asp L ou Phe Asn Ala Ala Phe Val
1310 1315 1320
Ser Cys Trp Ser Glu Leu Asn Glu Asp Gln Gin Asp Glu Leu Ile
10 1325 1330 1335
Arg Ser ITe Glu Leu Ala Leu Thr Ser Gin Asp Ile Ala Glu Vel
1349 1345 1350
The Gin Thr Leu Leu Asn Leu Ala Giu Phe Met Glu His Ser Asp
1355 1360 1365
15 Lys Giy Pro Leu Pro leu Arg Asp Asp Asn Gly Tle ¥al Leu leu
1370 1375 1380
Gly Glu Arg Ala Ala Lys Cys Arg ATa Tyr Ala Lys Ela Leu His
1385 1390 1395
Tyr Lys 61u Leu Glu Phe Gin Lys g1y Pro Thr Pro Ala Ile Leu
20 1400 1405 1A10
Glu Ser Leu Ile Ser Lie Asn Asn Lys Leu Gin Gln Pro Glu Ala
1415 1420 1425
Ala Ala Gly Val Leu Glu Tyr Ala Met Lys His Phe Gly Glu Leu
1430 1435 144G
75 glu Ile G&in Ala Thr Trp Tyr Glu Lys Leu His Glu Trp Glu Asp
1445 1450 1455
Ala Leu Val Ala Tyr Asp Lys Lys Met Asp Thr Asn Lys Asp Asp
1460 1465 1470
Pro Glu Leu Met Leu Gly Arg Het Arg Cys Leu Glu Ala Leu Gly
30 1475 1480 1485
Glu Trp Gly Gin Leu His Gln GIn Cys Cys Glu Lys Trp Thr leu
1490 1495 1500
val Asn Asp Glu Thr Gin Ala Lys Met Ala Arg Met Ala Ale Ala
1505 1510 1515
35 Ala Ala Trp Gly Leu Gly @in Trp Asp Ser Met &lu Glu Tyr Thr
1520 1525 1530
Cys Met 1Ile Pro Arg Asp Thr His Asp Gly Ala Phe Tyr Arg Ala
1535 1540 1545
Yal teu Ala Leu His Gin Asp lLeu Phe Ser Leu Ala GIn Gin Cys
40 © 1550 16565 1560
ITe Asp Lys Ala Arg Asp leu Leu Asp Ala Glu Leu Thr Ala Met
1565 1570 1575
Ala Giy Glu Ser Tyr Ser Arg Ala Tyr Gly Ala Met Val Ser Cys
1580 1585 1590
45 His Met Leu Ser Glu Leu Glu Glu Val Ile &ln Tyr Lys lLeu Val
1595 1600 1605
pro Glu Arg Arg Glu Ile Ile Arg Gln Ile Trp Trp Glu Arg Leu
1610 1615 1620
Gin Gly Cys Gin Arg Ile val Glu Asp Trp Gin Lys 11e Leu Met
50 1625 1630 1635
yal Arg Ser Leu Val Val Ser FPro His Glu Asp Met Arg Thr Trp
1640 1645 1650
teu Lys Tyr Ala Ser Leu Cys Gly Lys Ser Gly Arg Leu Ala Leu
1655 1660 1665
55 Ala His Lys Thr Leu Val L&u Leu Leu Gly Val Asp Pro Ser Arg
1670 1675 1680
Gin Leu Asp His Pro Leu Pro Thr val His Pro ln Val Thr Tyr
1685 1690 1695




Arg Glu Lys Lys Lys lle Leu Leu Asn lle Glu His Arg lle Met 225522602265 Leu Arg Met Ala Pro Asp
Tyr Asp His Leu Thr Leu Met Gin Lys 20227022752280 Val Glu Val Pheb Tt Iff&?ﬁ\l% 4 1\5 Thr
Alg,my Asp Asp 228522902295 Leu Ala Lys Leu Leu Trp Leu Lys Ser Pro Ser Ser mu Val Trp
38523052310 25Phe Asp Arg Arg Thr Asn Tyr Thr Arg Ser Leu Ala Val Met Ser 231523202325 Met
Val Gly Tyr lle Leu Gly Leu Gly Asp Arg His Pro Ser Asn 233023352340 Leu Met Leu Asp Arg Leu Ser
Gly Lys lle LewtisyHe msp.2he 38283452 35082300GIp Ay CyS Phe Gla Val Ala Met Thr Arg Glu Lys
Phe Pro Glu 236028652370 Lys lle P¥#Phe Arg Leu ThiAy Met Leu Thr Asn Ala Met Glu
2375238023855 i iy 8 &sH iy Mif Ry FRARETH gr%éiﬁiéﬁ’hr Val 239023952400 Met Glu

Val Leu Arg GMn"bZ?i ¥$ L8R REN Ma! téfg\{@ld?g%%% 4102415 Glu Ala Phe Val Tyr Asp Pro Leu

Leu Asn Trp Arg LiggsMet Asp 40242Q24252430 Thr AsniFdar Lys Gly Mn Lys Arg Ser Arg Thr Arg Thr
Asp Ser His Lys Leu Met Ala Arg Cys Phe Leu Lys Leu Gly Glu Trp &ln
1745 1750 1755
Leu Asn Leu Gin &ly Ile Asn Glu Ser Thr Iie Pro Lys Val Leu
i 1760 1765 1770
Gin Tyr Tyr Ser Ala Ala Thr &Tu His Asp Arg Ser Trp Tyr Lys
1775 1780 1785
Ala Trp His Ala Trp Ala Val Met Asn Phe Glu ATa Val Leu His
1790 1795 1800
15  Tyr Lys His GIn Asn 8In Ala Arg Asp Glu Lys Lys Lys Leu Arg
1805 1810 1815
His Ala Ser Gly Ala Asn Ile The Asn Ala Thr Thr Ala Ala Thr
1820 i82n 1830
Thr Ala Ala Thr Ala Thr Thr Thr Ala Ser Thr §lu Giy Ser Asn
20 1835 1840 1845
Ser Glu Ser Glu Ala Glu Ser Thr GTu Asn Ser Pre Thr Pro Ser
1850 1855 1860
Pro Leu Gln Lys Lys Val Thr GTu Asp Leu Ser Lys Thr Leu Leu
1865 1870 1875
25 Met Tyr Thr Val Pro Ala Val Gin Gly Phe Phe Arg Ser Ile Ser
1880 1885 1890
ieu Ser Arg GTy Asn Asn Leuw &Tn Asp Thr Leu Arg Val Leu Thr
1895 1900 1805
Leu Trp Phe Asp Tyr Gly His Trp Pro Asp Val Asn Glu Ala leu
30 1910 1915 1820
Val Glu Giy Val Lys Ala Ile GIn Ile Asp Thr Trp Leu Gln Val
1925 1930 1235
Ile Pro Glin Leu ITe Ala Arg Ile Asp Thr Pro Arg Pro Leu Val
1940 1945 1950
35 Gly Arg teu Ile His Gin Lew Leu Thr Asp Ile Gly Arg Tyr His
1955 1960 : 1965
Pro Gln Ala Leu Ile Tyr Pro ileu Thr Val Ala Ser Lys Ser Thr
1970 1975 1980
Thr Thr Ala Arg His Asn Ala Ala Asn Lys Ile Leu Lys Asn Meb
40 1985 1950 1995
Cys Glu His Ser Asn Thr Leu Val Gln Gin Ala Met Met Val Ser
2000 2005 2010
Glu Glu leu Ile Arg Val Ala Ive Leu Trp His Glu Met Trp His :
2015 2020 2025
45 Glu @1y Leu Glu Glu Ala Ser Arg Leu Tyr Phe GTy Gilu Arg Asn
2030 2035 2040
Yal Lys Gly Met Phe Glu ¥al Leu Gtu Pro Leu His Ala Met Met
2045 2050 2055
Glu Arg Gly Pro GIn Thr Leu Lys Glu Thr Ser Phe Asn Gln Ala
50 2060 2065 2070
Tyr Gly Arg Asp Leu Met Glu Ala Gin Glu Trp Cys Arg Lys Tyr
2075 2080 2085
Met Lys Ser Gly Asn Val Lys Asp Leu Thr Gin Ala Trp Asp Leu
20990 2095 2100
55  Tyr Tyr His Val Phe Arg Arg Ile Ser Lys GTn Lew Pro &ln Leu
2105 2110 2115
Thr Ser Leu Glu Leu Gin Tyr Val Ser Pro Lys Leu Leu Met Cys
2120 2125 2130
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243524402445 Tyr Ser Ala Gly Gin Ser Val Glu lle Leu Asp Gly Val mu Leu 245624552460 456ly Glu
Pro Ala His Lys Lys Thr Gly Thr Thr Val Pro Glu Ser 246524702475 lle Bi§/Serpste /1@ a @yl s% ly
Lep,Val Lys Pro Glu Ala Leu 248024852490 Asn Lys Lys Ala lle Gin lle lle Asn Arg Val Arg Asp Lys
L 0249525002505 Thr Gly Arg Asp Phe Ser His Asp Asp Thr Leu Asp Val Pro Thr 251025152520
Gin Val Glu Leu Leu lle Lys Gin Ala Thr Ser His Glu Asn Leu 252525302535 55Cys Gin Cys Tyr lle
Gly Trp Cys PhogPse Tupu 28402645 PCTHGE 2008 00 R4 Bx<2H0618 <211> 22 <212> DNA <213>

Avrtificial <220> <2'f21§@ Net%?'ﬂael E]lrégégr(’l\%lq <400> 5 10 ﬁéﬁ%g ag ccggaccige cg22

2150 2155 2160
5 Thr Ser Lys GIn Arg Pro Arg Lys Leu The Leu Met Gly Ser Asn
2165 2170 2175
Gly His &lu Phe Yal Phe Ley Leu Lys Gly His Glu Asp Leu Arg
2180 2185 2190
Gln Asp Glu Arg Val Met GIn Leu Phe Gly Leu Val Asn Thr Leu
10 2185 2200 2205
Leu Ala Asn Asp Pro Thr Ser Leu Arg Lys Asn Leu Ser Ile Gln
2210 2215 2220
Arg Tyr Ala Val Ite Pro Leu Ser Thr Asn Ser Gly Leu Tie Gly
2225 2e30 2235
15 Trp Yal Pro His {ys Asp Thr Leu His Ala Leu ITe Arg Asp Tyr
2240 2745 2250
Arg Glu Lys Lys Lys Tle Leu Leu Asn Ile Glu His Arg Ile Met
2255 2260 2265
Let: Arg Met Ala Pro Asp Tyr Asp His Leu Thr Leu Met Gin Lys
20 2270 2275 2280
Val Glu Val Phe Glu His Ala Val Asn Asn Thr Ala Gly Asp Asp
2285 2290 2295
lau Ala Lys Leu Leu Trp Leu Lys Ser Pro Ser Ser &lu Val Trp
2300 2305 2310
25 Phe Asp Arg Arg Thr Asn Tyr Thr Arg Ser Leu Ala Val Het Ser
2315 2320 23725
Met Val Gly Tyr Ile Leu Gly Leu Gly Asp Arg His Pro Ser Asn
2330 2335 2340
Leu Met Leu Asp Arg Leu Ser Gly Lys Ile Leu His Ile Asp Phe
30 2345 2350 2355
Gly Asp Cys Phe Glu Vai Ala Met Thr Arg Glu Lys Phe Pro Glu
2360 2365 2370
tys Ile Pro Phe Arg Leu Thr Arg Met Leu Thr Asn Ala Met Glu
2375 2380 2385
35 ¥al Thr &1y Leu Asp Gly Asn Tyr Arg Ile Thr Cys His Thr Val
2390 2395 2400
Met Glu Val lLeu Arg 8Ju His Lys Asp Ser Val Met Ala Val lLeu
2405 2410 2415
Glu Ala Phe Val Tyr Asp Pro Leu Leu Asn Trp Arg Leu Met Asp
490 2420 2425 2430
Thr Asn Thr Lys Gly Asn Lys Arg Ser Arg Thr Arg Thr Asp Ser
2435 2440 2445
Tyr Ser Ala Gly 61n Ser Val Glu ITe Lev Asp Gly Val Glu Leu
2450 2455 2460
45 Gly Glu Pro Ala His Lys Lys Thr Gly Thr Thr Val Pro Glu Ser
2465 2470 2475
Ite His Ser Phe I'le Gly Asp Gly Leu ¥al Lys Pro Glu Ala ley
2480 2485 2480
Asn Lys Lys Ala I1e GIn ITe Ile Asn Arg Val Arg Asp Lys Leu
50 2495 2500 2505
Thr Gly Arg Asp Phe Ser His Asp Asp Thr Leu Asp Val Pro Thr
2510 2515 2520
Gln Val Glu Ley Leu [le Lys Gln Ala Thr Ser His &lu Asn Leu
2525 2530 2535
55 Cys Gin Cys Tyr I1e Gly Trp Cys Pro Phe Trp
2540 2545
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<210> 6 <211> 23 15<212> DNA <213> Atrtificial <220> <223> FAIN domain primer C3 20 <400> 6
tttggacaga tcctcagtga cct23 25<210> 7 <211> 22 <212> DNA <213> %{éﬂ@al O<%£§EZ§%>3
Extreme Ni Primer <400> 7 atgcttggaa ccggacctgc cg22 35 <210> 8 <A1 1. @2 0<213>
P ial <220> <223> CI Primer 45<400> 8

<210> &

<211> 22

<21Z> DA

<213=  ArtiFicial

<220
<2Z3> N-terminal primer N1

<400> &
19 atgettogas cogoaccioge og 22

<210> 6
<211» 23
15 <212> DNA
<233  Artificial

<220
<223> FATN domain primer £3
20
<400> &
ttiggacaga icctcagtgas coi 23

25 <210> 7
<211> 22
<212> DNA
<213>  Artificial

30 <220
<223> Extreme NI Primer

<400> 7
atgcttggaa ceggacctoc cg 22
35

<210> 8
<211> 18
<212> DNA
40 <213> Artificial

<220>
<223> Cl Primer

45 <400> 8
) ttaccagaas gggcacca 18

<zLl0> B
30 <211> 97
<212> DA
<213= Howo sapiens

<220>
535 <223> Amplified fragment from PCR of human MCF7, Hek293 and HEP2G cell Tines

<400> &
atgcttggaa ccggacctge cgocgecace accgetgeca ccacatctag caatgigape 60



ttaccagaaa gggcaccal8 <210> 9 50<211> 97 <212> DNA <213> Homo sapiens <220> 55<223>
Amplified fragment from PCR of human MCF7, Hek293 and HEP2G cel(Tifi#is 228905 ﬁtbcﬁtgga
ccggacctgce cgecgecacc accgcetgeca ccacatctag caatgtgagc60 POT/GB 2008 /0 0 1 5 4 8 gtcctgcaga
a@ipggtcac tgaggatctg tccaaaa97 <210> 10 5 <211> 32 <212> PRT <213> Homo sapiens <220>
10<223> Translated sequence of Amplified fragment from PCR of human MCF7, Hek293 and HEP2G
cell lines <40Qz:-3ckbM efshaincGly: JdapEdyuReasada Ala Ala Thr Thr Ala Ala Thr¥Thr Ser 151015 Ser
Asn Val Ser Val Leu GIn Lys Lys Val Thr Glu Asp Leu Ser Lys 202530

<210= 10
5 <2ll> 32
<212> PRT
<213> Homo sapiens

220>
10 <223 Transiated sequence of Amplified fragment from PCR of
human MCF7, Hek283 and HEP2G cell Tines

<400= 10
i5 Met Leu Gly Thr Gly Pre Ala Ala Ala Thr Thr Ala Ala Thr Thr Ser
1 5 10 15

Ser Asn Val Ser Val lLeu @ln Lys Lys Vat Thr &lu Asp Leu Ser Lys
20 25 30
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