Met hods for Inproving Viability and Productivity in Cell Culture
Field of the Invention 5The present invention relates to nethods of

i ncr easi ngwoiavist41y and production of secreted protei ngrus2iedsgd ch
eukaryotic cell culture. Background of the Invention 10Manmalian
cell culture is the system of choice for many reconbinant protein
production processes due to its ability to produce proteins with
proper post-trangtabdpmar 1mPRdéFingatiaBNsi tVbhd) HrB@i@a6i830in Cell

manuf acturing demand, a strong notivatjon exists to inprove process
efficiency by 15 increasing product y-reElEﬁ— Attaining the grans per
liter production |evels of biotherapeutics in commercial production
processes relies upon the optisleidtdroBhdfinbeidiopanmal i an cell culture
and engi neering hods. | nherent. 1 n_current high.densit :
pr ot ei n-frge manmmal | an 2 mL(::le nlve.%tuﬁof]u?ecelft?ssQtoh%e%fgﬁllogl%%eé%ﬂg deat h
of whi ch apop?t¥i$iBaR a&EGdRttirar cfusetrt80op5ose s §pi 4l P3e8- bat ch
bi oreact or, i pducedtincerlspohseeto stressors such as nutrient and
growt h factor deprivation, oxygen depletion, toxin accumrulation, and
shear stress (Goswam et al., Biotechnol. Bioeng. 62:632-640
25(1999)). Apoptosis |imts¥ﬁﬂé9-’@&%m3iqq‘3}$-§mﬂé“—fg8¥| density,

accel erat 88 the oniseraldghntdr ldedtthrphiaseharsdspot eAtdrality fdecragses
het er ol ogous p&sdnBimhnyi gl e £SH-306:-:A08 NicckssBi aleebnals. aBi1aeny.

91: 779-792 (2 -+ Fl t .al., Biotechnol . Bioeng. 73:211-222
(2001), Met ab?@%}ﬁac}u??gg%tf%gﬁ wé,g%z"or@?? %%g&éé‘ﬁ%oﬁ“ |acg5Leng. 85: 589- 600
(2004); Merci FeELATRES S| B1TBiIAEERATAOT .MeBP YT g4 SamaRd: 12154

(1994)). Apoptosing neiaattiesudtisof @ coppivexpmetswrekiofiestgnal i ng

pat hways iRi t i@idng:idgr pradaet hy:engi daandhiaytiSiedg: dnbepGeht her _

cul mi nating i, Le. A6t L ¥ALLog: ol caspases Lhat (gxeculs the, 35, L] nal
stages of cell Jeath arious me?fho&s.o. apopt 0si s pr evgn(_f| ori have
been used to HHCAPEETTREIAS WBALFPE 1O L HINFRALL e RE dINEB PR FBH r uns
in mamual i an celthrewntiuwereifdeden martodBet enbaugh, Trends Bi ot echnol .
22:174-180 (2004) ;inMexes 81 c8brentMeidPaedNdy, Sriedinl32ed 280 ian

Al tering e extracel Lul ar envirannent_through, nmedi a suppl enent ati on
of growt h%ao %trlsfn%ﬁcyé?sollﬁsa eeg,rgbgr?g v ﬁe_?n%aﬁrﬁto(r%i ‘g}h Cgl %%OsotPsélcF 5to
i ncreased pr of® ACHBEUERD BR Bnd8lHder edvedcapbpioere CBaFtaan et al .,

In Vitro Cellifdewed BinotespAnsento38t 293e206ufi?2@03)yt rZrangrangoRabi nson,
Cyt ot echnol 00y, 487 RBx7¢ht(300%))gedOubS otk 85 LRLENELSNRY gL {4 NEghy tO
chem cal and genetjc st r%t egies to.inhibit the apoptot |6g.%’| g“??d i ng
cascade from IO W THi Rt ie° Call ¢ Sauerwalrgo 8 al® o ofathiiol

Bi oeng. 7% 704973 ( 280PtosHi dLBEibhe Briny vidple30013densi2p03) ) .
Resear chers hasceléoited tHeabnatest expr @sshoshaet gengstdnauad v

gpregul ?t ed igGanear ?&l%'rlo§ozfcﬁg ﬂ&le%‘q/i!l@b(ich%ér%Sgﬁh GeLi s gr oun itn

i oreactors by, preventi apopt 0s] S _Ypstream g caspase activation
(Goswami et g%lﬁoge%nﬁrla;ﬁ%ﬁgg'r 2%9219072%) (;PTE% TF EHFE OBt %]i‘rinol.

16: 88- 95 ( 1998)ctemteAt Bigenad 73: BiloReThREPL)  BieErry. E80: 7ORR074465
(2002); T8y etzoaB), BloBicaheriekng.7951%68-4&0 (62000)vandiBi ahechnol .

Bi oeng. 68: 314,43, ( 200Q0hno 200G ANt k1 AREPLALELC(1G8RRS that function
in the mtochondrial agggt,otl cp can be divided into three

at hway )
groups, namely 1) *PHRISE T &t 2 &ttUearty? i FP"Phe patikdy°et é1872 hénber s
of the Bcl-2 Haahidss ohitjeoted fson Ppth Hoseds hat ausside the cell,

culminating in the activation of caspases that execute the

35 final stages of cell death. Various methods of apoptosis
prevention have been used to maintain cell viability during

extended production runs in mammalian cell culture (Arden and
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m d- pat hway to di srupt or inhibit the apoptosone conplex, 25 e.g.,
Aven and 3) those that act late in the pathway, e.g., caspase

i nhi bi t or syoXhdHs247he functionality of the nmajority of pOTASRYBHESS
have been studi ed by over-expressing themin mamral i an expression
systens, and in sone cases the effect of conbined over-expression of
two or nore genes, each derived 30 froma different part of the

pat hway has beefendel®r, nTneds Hoasphes . i rclindesd) (109e) addives v ef f ect

of Bol-XL and,p, deLel] omJrutant;of, XuAP: ><,><I A;a@eri GHo cel | s
(Figueroa et al 230- 245 K and Aven

19
in BHK cells EﬁVF?%ﬁ?oﬁ?ﬂg’é?nm&Pt EhEp B‘f}bé‘ﬁ%]cﬁ) h@ gé“ﬁntatégn 5- 35841
(2007)) and 3pr®eh- Mctopwehvard yXEARA ¢Shderiidhd réttraqmts Brotleéhnol .
Bi oeng. 815329: 340ré2003)Jotein prodéBoffarih@drapesa aptpteators of the

APOPL 0TS Casgae Le ey Br 0h ol pEy, e, TBERANL S DY bl Oy pS3

activates 2 apoptosis IS throu -requlation o

pr oapopt 0si s p‘)?%ﬁér n@af‘ﬁcél“ﬁldf{?ﬁn%ﬂﬁ@§y% feRteay 4a8| 53?]74 E%%q%”Chem
273:12415- 21 (11898)9scaThmref bre, tupiacefulcacibrrlofins58netdy be one of

the principal sfactel&s t6iGUEFiNEhaARAREES S sByrRDShCasshredegnaded in

cells thr h n r.adat nya MDM2 (mmuri ne
double m gg?ewuﬁz% ¢ %gPﬂlsgﬂeefq,F%%&Qﬁ Iggoa%%{éer yByée%‘? et(5 3I 8
r

(2005)). Thus/? BRI R BECNINE Fifs™? hé L pdt? ﬁf‘?azopﬁ)%l ‘ower p53
| evel s and byResdaenisienhavenfipiid thpopyosiesprdisévi odsbsnes) fodr® was

shown that i nuﬁ%u@ﬁ@eﬂf?aggeﬁhéﬁﬁss cSh g_ﬁ@hﬁng a1 4HQieelin Eéﬂ? g
over -expressing MDM2 could suryive | aged to w
type CHO in bare cultare RESH gré %F‘g I{ng °p%rli£§j ubs E% 3

97: 601- 6145(296975)afe @ﬁévaot@saﬁfﬁr Gaches BHERTEr i FSE X8 ?to

i ncrease 15 pebdt.erpepsodigiccadly héaved-3tcidéetledMeanteaslyiang. degr ees.

Nevert hel ess, sl hQLgndiS BiLBl i spuobsS-N8ekie) devel ap et ods to
i ncrease prot 813?'% §E %‘éc%%’lv P:?g“‘?gbcfdﬁ' X‘ES% %lé%rc%ﬁofcﬁkge@”?@rﬁ' al

producti on. scription o
G ow h Profil 83 @P%&®l-l |ines generated from co- transfectl on of
Bcl-2a, M2M 2 and DXeARe.i-apoptotis genes ZhatyfonttioRr of ithes of cell

| i nes generat ﬁQththﬁgltJ@B% 86t Qrfhwgf( &slheﬂd,ww 2nwdn2@eAPa

25Figure 3. G owh Prof ce I ne nera
co- It?:msfectl Sh>F- Ef@fg’keli gh I \ gg Oe}ﬁ pBehwalyf i)

| ntegrat ed Vi apikerest thefsicy; fae}lmwrrOé@mSat Forihgee %ba%%t 3/7
Figure 4. G omidrppeofdd es dabraged brlimesit raasfeotedmal ¢dmp3ex VNDVRNO0A

i n shake bkask bat gh.Luhd Wecndde ThANsEect:ed Hoste WaASHILI3A B,

Transfected hOSspaVSVg.Sln %§§1:50@S, ¥IAP., The functionality of the majority

of these genes have been studied by over-expressing them in

mammalian expression systems, and in some cases the effect of

combined over—expression of two or more genes, each derived
30 from a different part of the pathway has been determined.

Examples include 1) the additive effect of Bcl-XL and a

deletion mutant of XIAP (XIAPA) in CHO cells (Figueroca et

al,, Metab. Eng. 5:230-245 (2003)); 2) E1B-19K and Aven in

BHK cells (Nivitchanyong et al., Biotechnol. Bioeng. 98:825-
35 841 (2007)) and 3) Bcl-XL, Aven and XIAPA (Sauerwald et al.,

Biotechnol. Rioceng. 81:325-340 (2003)).

One of the major activators of the apoptosis cascade is
the protein p53. One mechanism by which p53 activates
2



Figure 5. Gowmh profiles of 1013A cell line transfected with
DMVMRD300A in shake flask fed-batch culture. A) Viable cell 35 density;
B) % vi abi Wiotzgov/iBzagure 6. Anti body titers during fed batoahusedi®os71ss

culture. Summary of the Invention 3 One aspect of the
invention is a method of increasing cell viability in a fed batch
manmal i an cell culture, conprising culturing a mammalian cell |ine

over - expr essi agodvobR$ |isSénouberupaspedtt ofn bher isovestt b0Omrbs a net hod

of increasi ngaﬁ@ﬂtlosﬂ; %Qbééltn)é mladir%daﬁféschymﬁmtl an. cel syl ture,
conprising cu

uri over - expr essi ng
oG EIBION. ARt BT Tt TRy BBSRTY < R SR R oo o
i ncreasi ng prBEuEE ot 6f "dles@@lﬂéli@# pRetEENtiiyIarioli prpdotkmrst er
Ovary (CHOp f edl katche aeddadedl inUE€]1sConpkBi vtg gGilihukdaigted CHO cel |
l'ine over- eXpﬁ@&%‘dg&d}{%@cﬁﬁ%%ﬁ”ﬁm&”?m&.fmg‘)cfo%b%'?n%ﬁu%‘%()?éd%g the

secreted proteln. Another_ as the invention Is hod of 15

of
i ncreasi ng pr 68UEt Forflof Cé’r§grbtr EERE pPoi%rATISt 3 Thi ¥ Hanst er
Ovary (CHO) f &ethshabedr-ewpieseidnt af @PVMEoppr itB¢ mytenidirlringoee Cel® cel |
l'ine over-expresssngdvbiizessiand hBIOK aposkRne. ObréMoesReNes

encodi ng fhe gecrated tngptlﬁ' Phe é@@éehl@g @é@@géss% gtn'aes' nveps ign is a

nmet hod of 20|ncreaS|n ]B%Fguctlono secreted protein_in a Chinese
Hamster Ovary {CHEy T I LBl C@HH ey Lo nPraesi iy CBUtH6ring a
CHO cel | |1 necowereéxygresisi hgreVDRD JanuatEbewuaﬁd{A@ﬁ@ ek abrre genes

encodi ng the seakehed .psni=ayn.o7Asoi-kes a@speoct. of the invention is an
I sol ated 25 pol ynU%S’O%ga?ou%nC%%&F%:h%&podf\&??%e'ddea&%%?gp%S'lﬂgréﬁ%

an no am? sequence shown not her aspect of
the inven ?onpf‘?}eé’ﬁ PSS HEE POl VpEDt iPHECESDr i i+ po ﬁiéb‘?"‘isde
havi ng t he sebriEmtesighowntliage SEQ 4 dOinvhus3hePettal |dedeDesartipidson of
t hg | nventi onto Aihcqubd i ﬁ@&ﬂe@ﬂs’prb@f}dt&dhﬁge%gc13m | igm i@ﬁ;etgcal@t ents
and patent ap n i.ted in this specification are herein

i ncor por at ed g%/dm%g%egeﬁﬁoed%gglot ough fully set forth. 35As used herein
and in the clainms, the singular forns "a," "and," and "the" include
plural rekérence unI ess t heBrigyft Padcrépeiam| yf d:hetIaLtaaSng)_i herw se. Thus,

for exanple, referepes 10 "RoPA YPeRLLAE s ka1 1iRELLERCH O QRE OF
more 4 co-transfection of Bcl-2A, MDM-~-2 and XIAPA,

Figure 2. Growth Profiles of cell lines generated from
co—transfection of Bel-XL, MDM-2 and XIAPA,
25 Figure 3. Growth Profiles of cell lines generated from
co-transfection of E1B19%K and MDM-2. A) Viable Cell Density;
B) Integrated Viable Cell Density; C) Down-regulation of
Caspase 3/7
Figure 4. Growth profiles of cell lines transfected with
30 MDM2P® in shake flask batch culture.
A, Transfected host was 1013A
B. Transfected host was C1835A
FPigure 5. Growth profiles of 1013A cell line transfected
with DM2%%* in shake flask fed-batch culture. A) Viable cell
35 density; B) % viability.
Figure 6. Antibody titers during fed batch CHO culture.

Summary of the Invention
3




pol ypepti des and i ncludes equival ents thereof known to those skilled
in the art. The term MDM2 as used herein refers to human MDMR
(MDMVR p53 Wiordevige4pt ot ei n honol og) havi ng a pol ypept i d&PE&FIHRGE7185
shown in GenBank accessi on nunber NP 002383 (SEQ ID NGs: 1 and 2).
The term E1B19K as used herein refers to human E1B19K protein, having
a pol ypepti de sequence shown in GenBank accessi on nunber NP 004322
(SEQ I D NOs: 5 and6) aspe@Fhet ttee mrvapoisiots cRugeweset agcugadnher ei n
refers to genaslj_em@mlimgymrpbefemsb&&at nanMa€narOvar: expeessed in a
cell, confer Q&;{ﬁ@%&f PR IEANCGaLR.G8h death when_comaced. to the
unt r ansf ect ed ry apoptotie genes are antli apopt otlic
menbers of th@'mﬁ:l 2 famly i ncluding Bc1-2, 3d- 15 XL, Blc-w or
E1B19K, ca$pase i rimicbh¢mnprspedtopt exwnphenthe LAR frahiiddy ofi nhi bitors of

aplolot osi IS) I agdMdis gy XlafsP xaagllﬁlt@% aareh ehhay m@fﬁr@u@m&eilmvol ved in
ce cycle regujation VPVR :

Bi oProcessi ngg ltulf/ﬁf c%inﬁgmll:gz fgrgnzgoﬁéfsamm aluaélr\%va d éne é)lv.gf

Bi opr ocessi ngIPTePOMHBY2 2002Jnd &1B6%-(2002); Arden et al .,

Bi ot echnol . Bi oengireer¢er a97eB0df 614, i 200¥Jr) isCelktidenrli can be

measur ed Ry n@ﬁ@&qglw@ ko ROV, id2 L hecaktea f)the@PfaerHJIaeCIQMeQ@asuri ng
Vi abl e Cel | DEnSI t

yiabiLit and b
calculating in r%Sgicreat e(frgl é(gq{ag Cﬁrﬁatcfrgné/‘? élogg J,B\cltnfg'vatl on of
apopt osi s canCBEUFRRE Fr EE° Wl%rée}é‘er‘?‘ﬁg @%5&%@% BY2] t'yaris PRgy el |
known met hodsmore genddhentetimg"ipal ypeptederoneians a nol ecul e that

conpri ses at IeastAnro\e@ela%{a&taekoweegs‘;wem i kedhebio oBEPL i de bond
to formalg gge tide oo)épeptldes of Iess I han 50 _am no 30

aci ds may f e et £o° UCt""peptl 4SSVTRE1 Vet dés nEy "SFso be
referred as " POt ndvacy THEO) efqf ity Atk €btide’ FAFRRLSA%nDI ecul e
conprising a ehmiurind anued eetl desecoratentrkysingnkBt "By ad E1B19K
sugar - phosphat,gy one oDACKD ﬁegrenea;&h% a&uw@ée&ze& Sevalent chemistry.
Doubl e and 35 si n%?e stran are rr%gl cal .exanpl es of
pol ynucl eot i des. THE" eel?r%sp% n’B nf ven é]qu«%nce afs a second

i sol ated B8l yﬁﬂ‘éqeéé%fiqjer@%é%é’ftﬁéteCF%teé?nPlFCﬁ&Falllnela Eengsefirst

i sol at ed pol ynputdteotovteysenoentel ametht batl eonfpires esmpuldi@gt | des

conpl ementary L4 Lhg, %ueﬂi@%hgez%ng noJe@ee,Iar@;mgohmugh@%bﬂﬁ{ and
sequence. Typically, such "co féh %/ eﬂ%cfnces" are capabl e of
form ng a douBl'e °§t?%’i’?d8‘?i“? o) ‘Vﬁiﬂ%l Gt T ot BEUFE"such as

doubl e- st randed DN&oghrexdgabtd- St rdmdeny=RNkerWABRIC dAbiated under
appropri alp ceatinutoag vk tdhcbiihgl brsdi yb&nliat etbmp ol pmyctieotinde

sequence. ldng%l; gnsh\éggtﬁr se§B@N§o & 4p0l ynucl eoti de capabl e of

bei ng dupli cated w bi ol ogi cal ,system qr that can _be
nother aspect of the inventicn 1s an l1solated

polypeptide comprising a polypeptide having the sequence
shown in SEQ ID NQ: 4.

30
Detailed Description of the Invention
All publications, including but not limited to patents
and patent applications, cited in this specification are
herein incorporated by reference as though fully set forth.
35 As used herein and in the claims, the singular forms

*a,” ™and,” and “the” include plural reference unless the
context clearly dictates cotherwise. Thus, for example,

reference to “a polypepiide” is a reference to one or more
4



10 noved between such systens. Vector pol ynucleotides typically
contain elenents, such as origins of replication, polyadenylation

si gnal or welzewtisnin? mar kers, that function to facil it ateTiuseooy47185
duplication or maintenance of these pol ynucl eotides in a biol ogical
system Exanples of such 15 biol ogical systens nmay include a cell,
virus, animal, plant, and reconstituted biological systens utilizing
bi ol ogi cal coppopent slesagpableclofied Holi. eatehng theveot @townThe those

pol ynucl eot i dgg; GRAPIA §L@%r@ vector may be DNA or RNA nol ecul es or
hybrids of these. 20 sion_vec tor neans ector t hat
can be utilized i nj%a g TR g&‘lggcﬁf '%egt}éerﬁeb? r§ Bt SRsHRE (H“\éb&ﬂ gi cal
systemto dirget PEpdiner aﬁstleat‘|1t§>ﬁ'0%ﬁg)ahwnyp%rwllwpéﬁ%ééﬂuwea

pol ynucl eobi deh@aqirereeeseseddssith higoaxpr a82BON (¢egtmr noAS 1used
herein, the tglt;cmzérf ed batch cel | culture rreans 25 a cell culture
process which is sed o row h |mt| nut rient
substrate to the chtherr’é‘ Ilaﬁggf% uﬁ%ﬁ g‘ﬁg%Jt“r AEEGY S 'Yt E4P1Y used in
bi 0-i ndust ri aPrPestedsEsng ¢ pEehrddni gfauertd sHemsiipyGanRank

bi oreact or. Nwmseus atfpirey? ev4bzvasbean wevi sethd 6) | nprove

vi abi |'i tyl@nd 30 L‘Hhtel %EI %OBEQQL%gtée\HeEy agfugegdhél%tlﬁhrequj:é t%u:jt ures.

In the present invention, an alternative ag‘Froac I's describ
whereby a conBi &t FHiTIOPe REBHYEEI TR geAEL A BRRES8%hrass&diin a

host cell. Ancepépectredbssddi gerisherazase dedltdratprigactirearst tgecr et ed
prot ei ns was deamnsiarnat@@telaycaal | £x3kpBi1gi feeketh £ averaexpiass both
MOME and E1BIZKc B INGehi gt o Okap Ul lggﬁ l{fsyhéﬁg%é%rchbé ngofhat

expr essi op. 0 one | ncrease uctivit i mim of 2-fold
(Arden et M . XL'BiBf)T éf’cﬁﬁ El@ﬁ%m‘j?ﬁ"“@?“@ﬁf”ﬁfi ‘?ﬁ‘ampéﬁdth@xﬁpes& on
of 6 EI1B19K, falithoughibinbibidfi agoapepi)osisclantnd XPAD\&nAgLIGeh )

yields, did n r ;As iA.a cell
(Wp2007/ 12410%;,&32'0311?&8@?%?&%9%%9?% %ﬁlec%%ccg&{cﬁgl I ngéﬂggﬁer%t ed during

the studi es dE&EPIDEE’I HY H o8t 1531 oV S PEIREES R - expr essed

E1B19K only hléajfcrléwltlh%ﬁﬂ@ptﬁoﬁﬁl Growtalpraspet ti Bsornrdesowg J.

exprefssi 020 | esensx 2ﬂnus 61t-be aameS)enhraerhveatailog gleensinated a |

S| gni i cant e r I, ecr t eI i an
benghlinder or. g@y%ghElB%R% [ Shedadiql €8 1L ORIIA

cells by co-expressing resent i1nvention also
describes a mﬁ‘ékf‘iﬂsaﬁ];} By 17 ﬁﬁ‘eniﬁtanfo’ivﬁﬁlgr?p]\‘ﬁh}?%ﬁ‘ef‘%“dg%f ul in
t he nmethods ofiabhe Jedvebrnisgry (VCD) an@rereadjodihenebofityheanidniyent i on
is a nethod idalcociQagi NYegeldeaviabibideiiidenditedbedch mamal i an

cel | 15 c%tugcemg&mrgélaggp&gh;ug %R%egmz%' Ismesgwmlg'&%pasm

over - expressing one or nore enes and eval uating ce
viability. 2&¢ lvaf‘ﬁ’euﬁh‘t%ﬁﬂjsl éﬁm‘ff‘né‘eF ntion are useful for
i ncreasi ng vi abi | iThy temmmimvimberandd edebat ehncekchle ghturcempsiseh as 20

Chi nese Hanmstgr 16Maf Yub GiOho Gkl ek &L i AnLal wra Qépth}d@fﬂo@l@n& cel
culture. I'n parti Ioixg?%)&hge b%e CeP‘]?fY@EE%de |on t% #seful for

increasing the'in via .
cul tures. heac(}gmmam hesehseted| e st }"@Pﬁ%@%d O?Olﬂ’ﬂ%Ptllﬁ%ﬁFVon
express one oylspDbe r2BeapdpinspsRegenes. In particular, the genes

encodi ng NDVP _( SE@d RMRS+ob1 ek 12011 VPVR-00A, (SEQhD NRp 3280 4)
E1B19K (SEQ |

é%aln of nucleotides covalently linked by a sugar-phosphate
backbone or other equivalent covalent chemistry. Double and
35 single-stranded DNAs and RNAs are typical examples of
polynucleotides.

The term “complementary sequence” means a second

isolated polynucleotide sequence that is antiparallel to a
5



NGs: 5 and 6), Aven (SEQ ID NGs: 7 and 8), Bcl-LX (SEQ ID NO s 9 and
10), Bcl-2A (SE ID NO 11 and 12), and XI APA (SEQ ID NGs: 13 and 14)
can be usew@O2B9p5R8%I on of the apoptosi sR 30 genes can HE/HEHIOSVHES by
transfection techni ques known to those skilled in the art. The cell

| i nes generated are superior hosts for the devel opnment of production
cell lines expressing proteins of interest such as peptides, peptide
fusi ons, growthrftactorged orlyondsot it Fbownes,andeshagnednsB5senkyrin
repeat protei aﬁcﬁe@eﬂﬁagﬁ&m@@ﬁlemmrtdo@hynﬁae&é&a&egslelf uﬂle ff@Est

t her apeuti c, t| ¢ or_research, S n usef ul
in the net hod 3 3r(%‘tl’ll‘%ee‘?tr%\(71%n 5 LlenLie‘ncl %ﬁl@k nV| lementa rl sbad,
CA) and CHO(ZI.SWL(‘?E@ﬁQaaBFCﬂa@ﬁpk%,ofﬁorSF@ﬁJ@hfio F.SWé‘ ’%ﬁm | i nes
useful in Bhepogirhoteafidt heleovention as nixubite- NS &id P 2k0. In

apopt osi sR genes_al.l ese g t { d CC val ues about
two-fold hi gh@?nqltiféﬁnsté’ﬁf? ol cet® lsr?c?%%sgo NGeVity ot ¥ e bat ch
cultures up to 7 d@)ﬁste@hdv?‘?ﬁmov&eaﬁﬁoﬁ@é%iwlﬁqt@éﬁ@taéﬂe ot ei ns by
2-7 fold. Sucheinpuoyedapsdductiron vio1840Ha0f seaerh andhearanaesult in

| ower prodgct hQ&EoCBé{&eﬁoéuc%OQPJt%s bi Qk%rcﬁoﬂ}mc?éothﬁgs %@BFcatle

generate 10 product of erior quality due to the absencé of

lysis of the HBﬁta\}Pa%]Ieé“eﬁ | §9cty Sl‘ifslgxnscé?lfl §eprléF%t6fs°€ pr ot eases that

degr ade produetlyvafeeoratinglajiondhesesdlepernaperksapertirgt Hostsef 6 t he

devel oprment ofaproedued irap GphlcddiBeSorexpirrssing ars phekei n or proteins

of interesteaggf%%éﬂ%gg ges%ncg%l%gggfl&éc Aﬁs@smOV%g geéfsgn&

VDVRD330A I ncrease val ues an surV| ved days

| onger i n leul PLPE IRz S¥BTRTIS B 806t 7 SE tel T né  Hiot Pl:'earn '

enbodi nent of abheerpvenitiond bsolagrethedstoinsi wicildasingiprwdozt i on of a
secreted prot @bipdnBnés Gg@ﬁl%doﬁchubﬁid‘aﬂlﬁ@w v&itolrUr ezhecoONpri si ng
Culturing & CheLARLl-ddine. QURL: SARLESSLAG, Ah.| §RShuORE @ROP! O T CR

genes and one or nore enes e e secreted protein, and

nmeasuri ng themt"’r@ccéllle%fort her e rt Eﬁesﬁrot ein. Particulary useful cell
lines in t2Ae net hatle bérnt Hexpreeeinin eectaré @HEs celvectidmabaowen-b25

expressi ng MD\R; &Rda EXBL 9% 01851 @ 1C6}dtehl Maoyﬁonsxﬁu%alﬂlgl&@MBWOOA
al one. Use of thceset?cec{ L Lines in the.ne Of}og poqf J_;é%f}%g venkion,

resulted in 5° 0 ihcreased titers o rotelns Yin fed
bat ch cul t ur e 20PolyPuEROP 198 £FUENOF REEXPT é§sF% eé?reéﬁb?rélvﬁgt‘?rn a cell
can be achi eved byr=3@savklhker&kiownhareehodsed giatthercaliangitend! yeors by

stabl e expsessgi an1( Damiuse egroa!ess wB@é’l ¢ s Maishads, |fgem|ge§ﬂlaa§rcaitﬁl ogy,

2nd ed., Appl n,& Lan 1994: Sanbr

Mol ecul ar O OEI i %)?% SLrﬂf/ Fma%g S GRS ﬁ% pr| ng hI—lar bor
Laboratory Pr é?;%ate@ziljo‘S Sppicidl HaEBerin Rio-isgeatriaprreeticast

i nvention al seeptrovi gies csol atedtyutranat biviDkBeipol. y nucieeois des, vectors
conprising t hg%@aﬁé@hé’@‘lﬁglr@%'egetﬁavlb@cplt@tﬁlg)rgg)étv1§§i11§y £l ypepti des
obt ai nabl gof rom expressi on %mt hes§ Pe%l gérl]cu?ll oltl de net hgds for

expressing t hé y productivity o ures.
present invention, an alternative approach is described,

the present i ex@dlte'-%antj@@ mhﬁew}gfn E&Jﬂméd 'ﬁ%@e@‘é@%i&?ﬁ:@ﬁ@ess' ng

whereby a combination of apoptotic® genes are over-expressed
in a host cell. An uxpectedly high increase in the
production of secreted proteins was demonstrated by cells

35 engineered to over-express both MDM2 and E1B19K in the light
of published results describing that expression of MDM-2
alone increased productivity by maximum of 2-fold (Arden et
al., Biotechn. Biocengin. 97:601-614, 2007), and expression of
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pol ypeptides of the invention, and nmethods of using the

pol ynucl eoti des and pol ypeptides of the invention. The conpositions
and net hod&oahustihmit nventi on can be used for a vari ety Pefl/GSp@EN§MES
applications. The pol ynucl eotides and 5 vectors of the invention are
useful because they encode nutant NMDM2 pol ypepti des and can be used
to express these pol ypeptides. The nmutant MDM2 pol ypeptides are
useful as theylEBPK, bethsegh tiohibhpioy epeslosiyiaalbi inptrypvaredcelicr ease

production of ys@GEeted REOLEEAS skNplheccehl oMgerétfaayp@rteu;lsOm a
reconbi nantly Qi’ler(%ﬁro‘#f%%%’iz o@tée%g Caﬁ%hpy o, &er,.ce’li iNtg a host

animal or ti hvention’is an 1sol ated
pol ynucl eot i dée’l%ﬁ‘fﬁ‘? §Pﬁ’g"gatb%lsg}zﬁﬁkﬂse6‘%ftcééb%wn"d“et BEa e fe Siee” shown
in SEQ | D NO tBatopver-espyHsererilan K sefjyéndelsks tier epfimaThgowth

pol ynucl eot i d@r&%gkl%@néhg\ﬁﬂeﬂﬁe%@nl RMNG . 3apcodgs 6%95%/1@61@“ de
conprising the nmu ductQ.Ut ative

caspase cl eavalg%enm ?n d(e%sps\iiaf‘tﬁ'?rgoisméysf_lcaﬂyl‘k)enfadle;n'lt;?f fhe wild
type MDM2 was® ﬁFFﬁﬁdP{%eé%ﬂérmW@Wl%F@lﬁeéYsctoaﬁfplieésﬁélgi’“%%t| on,
and 20 furtheend mcpease MDMR | evels in the cell during culture. The

pol ynucl egpi des OfThEh&els@HLerltnb%lgﬂ-yalQ% fRduced, by,chenm.caly
synt hesi s such_as SO|Id las

cl eot i synt hesi
aut omat ed pol YAUCI&? syn]?%ém 1%z/leclr}ll AP Sgﬁatll veqeyf“ejiﬁﬁgs H'ene
pol ynucl eot i défs"e@filctme |nvent| on may be produced by other 25
t echni ques such a®nPCRtbaseatdopliheatnvent;ionecd ar méasad:dupl i cati on,

or restricti O, £RZY{H Q@ﬁeql lE?rl'npé”f%td' Qa(’ccﬁleﬂ?r&bﬂya‘?ﬁ cel€ChNi ques
for produ% V\ﬁor obt ai ni n 8 [I%lnuc eoti des of Cgelven known seguence
o]

are wel | tHr‘?'héoﬁ?Jil étbrolpﬁnﬁéﬁa”é%%lﬁgs 9t tHE PHFention may
al so conpri ses¥Rrepainst Owérnféﬂﬁecé@npﬁgtsceqiﬁélﬁéeaﬂdsawua?ft@r amslcri bed
but not transtatediisequences, term nation signals, ribosone binding

sites, mRNA st ab' 'ﬂhé'&&hé&&l&%“&%‘e’s m!»é?—]ttwﬁ‘%r@rl%e@{?i yademyd, ag i« % _
Si gnal s. The o %nucl eotid uences | so co r| se additional

sequences enc bl%’ddf‘trﬁ‘a&‘%} nf?fjob%‘f}ﬂ§elll'ﬁ8§%“r§dd? Fofl
pol ynucl e8? i dehisegrichoes=mayaryf ¢EH@xapdll eulteeodeedomarker or tag
sequence suchn@sidcmexahi sti€dirke pepbidaciiGant enemethods & ate Natl .

R e

aci |
fused pol ypepf?]&egounﬁné{‘f%% Maﬂlﬁﬁtcwufﬁe |?R?eﬁf3r30r]|lf“:’ss a vector 5
conpri si ng anuisspl atredhpoleyphed lo&ottied énteaviory capsEguerc €r Strown i n SEQ
ID NGO 3. 25heapepeboirsS qinet he rhnyaft bR rargheusafddl edain@ivbai Eog
pol ynucl eot i dgs w,dupl, gg?)lrn%@moyn&%beﬂ kﬁgsa 2Rk 4(:]r [ ﬂ]ﬁgl{e?ggpeﬁl on

of a pol ypepti de enco a vector I nvention 1 n biologlcal

systenms, inclU#ng ar"é‘c@rfstA Pt G2 10 BY%I dgital’ systers. SkRECor s may
be chr ormsorraIFG is eprsioh@l. - BahrdAvEFEUSD g8 Vie@dnsuthl » agnd/ EEARYY $Siler i ved

from bact eri alc pbasnisdssa hacteni ephages, Ekgs@@sp@ﬁemsﬁhey@@&dtoewsorres,
i nsertionsel e&;e‘%%%\):fdyﬁéséch‘ié‘ve%”ﬁs%”%Lsﬁe' %5 2 Sen G QYLE Uzc%s ppipova

Vi ruses SUCh vaccCl nla viruses enovi ruses,

viruses, pseuti5PabTELIH raske aﬁFcoFﬁ%ﬁeﬂh%e%rﬁn?é‘%ﬁeSv?"r%ses and
vectors deri vwetxmhosM|fnatuh@n®e\teh_emmt 9$m€bld®$lwo$ﬁﬂ-dsllaﬁﬂ _
phageni ds.  expreddi@gVEEJt@kSs Qf IR boiventh QB savtibes f géﬂﬂﬂd@t ed in

m croparti cl es;. \cl)vxljst,h gg}cc)l uvants, I |h%| gone%}’f f &9 leg'g h eSlgmedexm pi ents

as approprlate #OF a“particu ar a F
ankyrin repeat proteins DARPlns) and other polypeptides
useful for therapeutic, diagnestic or research purposes. CHO
cell lines useful in the methed of the invention include CHO-
K1l {Invitrogen, Carlsbad, CA) and CHCKLlSV (Lconza Biologics,
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I n one enbodi mrent of the invention the vector is an expression
vector. Expression vectors typically conprise nucleic acid sequence
el enent s twarowam4tontrol , regul ate, cause or permt ePSTASBH47GSS a
pol ypepti de encoded by such a 25 vector. Such el enents nay conprise
transcriptional enhancer binding sites, RNA polynerase initiation
sites, ribosone binding sites, and other sites that facilitate the
expressi on of senwbdetK)pol¥yséptd désed msaf i verrhexpridsdidntsystem Such
expression Sy5ﬁ\%ﬁﬁlcﬁfﬁﬁnbﬁacﬁek$0 hasego/0r cell-free systenms 30 well
known in the art. [fueleig¢ acid 1%%%'%‘ €l %@E% S cand ggése%eyeﬁ or

sequences suitable For Gse T e expression of enco {) g}Ptl des
are al so wel | SHHGRALIN 2PHREOSHT . g%’?se%]e]ﬁﬁlsa*rl}?sﬁl%s% Hog8r TR &82¢

expr essi ondvetiar vasefsubbduor texires siionenfhiheopblojpepltli. demcmghse he
invention coMpeieestARe3BdFpat bulhirgs NipOto rﬁﬂh&&t’ﬂah@ﬂmp%}ve
oPT S o ODRUEL T B8 213068 90 o LMo LITIBEL 0! SuSR e VRO o7
with intron A°F syncfnhe ? seq Uence and a_ bovine hor none
t erm nat or . Aﬂm%éFl‘ékéﬁpﬁfldelmaéErﬁnﬁl et FoRY texPrioyst (?ﬁoﬂ‘(‘.)Ctl@%ct or
conpri ses an EosteOEdr abingliex bfoloeptd eat ianrhamaaatiidt) deackemranycin
resi stancep geﬁﬁ‘oduB@L& %aﬁé&qgﬁ Mafi Usy hepa o eﬁénaﬂaénaeesﬁ%lﬁeg@egces
HCW i nmedi ate_e X A nd an 5V4 f'fs rg? é sequence.

5Anot her embodf nt‘eﬁt ke vtl?le |(r:ﬁ/enf| on 78" an “1sola Wost cell
conprising a Vet é?g@fdetﬁaﬁé’dilﬁilen%\?%dl%p(re‘é}@r‘??a%ﬂir\?é ?ﬁ?sﬁ%@éﬂlPr
exanpl es i ncl ueesArchara @eklsaimebacifepralucesdd sesuchnas eSpreptiococci ,

St-aphyl ococci 2 ;ﬁ%ﬁ:@ffp%gcﬁfoteﬁns %@l1nte§égtept@c;%mpleya@@b@cseqm a, B.

subtilis ,_aur eus lg&;l Kl uver onyc

Sacchar or@gesl“ﬁag?’%ro"ﬁyﬁléeisé}m%g@ fda aF Sn n%‘(’at(s‘)JrldAlsmreagS I 3‘2‘“ i nsect
cell's such asv&rEsopti Fargrednd dsm)d@pﬁ%‘fr anSf”@rtué?uW P CBPPEdsiRh as
CHO COS, HelLagntebh275e13TBineBHK, 293, CV-1, Bowes nel anona and

nyel oma; and pl antAn%@tllélsemﬁ&ﬁne@tS oY AMOS RRLY O l%Sa%gh@&p,@rm cel I s.
The host cells in the nethods of the |nvegt|o &rop ed as

i ndi vi dual cef“i’cs‘:eaﬁ?nng&Cfuéttf%fh§fo? *E&FTE %Opﬁﬁ%tﬁnons of “¢el l's may
conprise af isetiat edllorutiirruradrpbpabatilsnrblo eetioscot! ééft s present
in a mtriX sSuedr-aspieskissue. 1626k néte0dp@itoonc"oferspaty puel eohdte,
such as a vecforas %Ex%ogi ifly h:@l%ts&:%gl:ecp%@ottlﬁ.nefJr%CRQQUQYnﬁBQOQ&ewl |

known to those_s he art (Davls et IVEthodsm
Mol ecul ar  Bi oPBgﬁ? ??Fd‘eé?]d pr%%”et o "R THRGE, usﬁ&‘ﬁ/ﬁakf eges 1y

Sanbr ook et akhe mgbhatsubarth€l driengionAatalsEr atdlyl Mesuater-3rd 25 ed.,
Col d Spring F@i}h@%shﬁ})@bm Qhy FImess, =604 Gedpriing dafrbeknreBding2001) .
These net hods,jpehuds cal CbHQ‘o‘%h%é%@aEé?nt hansf Etﬂh%”me% Jextd an

rredlatedtrans ection, mcraqinjection, catlonic pi,d- nedi_at ed
transfecti on, l%‘f‘*é‘(’ff?‘bﬁ&?%hjﬁegnm £r a"rféauﬁ?lldohnc’%e@rgﬁ%é F%?dloiflg,
bal | i stic 30 betueoddatriobeirendn i feflestticonculAnot er uerivod} ere- of t he
invention is an i slat&erpotipest ipder SOEPLA Si BgL1acPOlvepeptieded havi ng
a sequencg,shg n_SE { pepti de

% V\ﬂ_ lkn?_lu 98{1]\75]@2 e %hel_S%QanPleﬁlpl %3 § %tggiey

conpri si ng varrt ant rotein wt tltutlon The
35 pol ypept i d8¥PEES9e ‘PﬁVénFFoﬁ neiAShe Y5tbat dd WEEWE% ghpiogy
synt hesi s, suel ab ,sbpidtcphasdapept NawasyniChesi W4; crmancguEonst-ed

peptide synth@sizehiar AibINAt | ¥ ek¥ordBey PRLYPEPLIdESs.  Obotdhepiityent i on
can be obt ai nETQ bH gmbop:a!%grgsglr&%t i 991% gncodl 1glagfbtohegﬁ E?do)ipeptl des by

t he use of ce & EXpredsi on systentisuch as retiéulocyte e/sate
based expPéssi on s¥st @WG“WE?“‘Q’@PW@& PECH-IBR Q1 255 BESE nMPM
systens, and Bstcherlediide€OoReeXirsacimphased expreessivanckosyd¢ssns. The

pol ypepti des QEOfa*E@d'Hb‘é‘énééﬁQ Cp%ﬁ‘yﬁép%%é)@ ogbéﬁfa%&' fQ}émf‘esc?@%ian and
isolation fromcells harborin nuc uence, t he

i nvention by chﬂﬁﬁﬁfé’éy%ﬁeo Jrﬂ?\?n ri‘erjf%?‘%e S%tex%%%sﬁnﬁs i"feconmbi nant

expression of easily isolated affinity® abel ed pol ypeptides. Those



10 art will recogni ze other techniques for obtaining the pol ypeptides
of the invention. The pol ypeptides of the invention may conprise

fusi on polywpepiswdesy conprising a pol ypepti de of the i nwentisosshyasd
with a second pol ypeptide. Such second pol ypepti des nay be | eader or
secretory signal 15 sequences, a pre- or pro- or prepro-protein
sequence, as well as naturally occurring, or partially synthetic
sequences der p¥Bfbebfiqear é£ fthemeRatdal adldy mOQGUHErd MPs sROURACE Or an
entirely synt Bsﬂnﬁacfeeo%sgﬂnd%%%ggt gebed &?en&n%nt%@& 'E'Mee““ onis a

met hod for 20 exppreSS| n de

provi di ng a h6St OééHO“Sfa’t%E'eFWén‘ﬁ &he WFTWF‘n@aW Re "r’?’@gtf%eFl under
condi tions suféricitemt fpecitthe apppiesspon ofhabolwasteondepangpepti de
conpri si ng5t heeét%qga{rcen@mwnﬂlr&nsﬁa LB ND bdbaubOShefdosa£an be

cul tured unde;rl any Md%&d{%nﬁ ‘%]%I gan fs%refdrrgclJ ntalni_ng, or

propagating a given t i CT 6Nt TOr expressing a
pol ypepti de. BU¥PEPE énlef‘FdH’stanFréWé POAMBCHEFaT éde bl s
sufficient fothdvheaedtpressi on iobhrpal ypeptvided iay endeidcerkasawn in the

art. For exa@i@ucmyoﬁvé@&u@ﬁpwdemgyﬁe§h&@@1p%h@§rt%l@y%ﬂel y

cul tured 37 appropri at DVEM nedia whil e
bact eri al %yeasﬁomgm nt?ﬁer"%ge e ?/%dgglln’lé]%r (gucc?g urgllj f“e%’nfclﬁhoder

appropri ate afmeSphEYel condit596ns in LB nedia. In the methods of the
i nvention the expressigrcdfofatpoliypepticdeiscan fzeleonfirnmed using a

variety of diffghepteosdad %H&lﬂ;‘iﬁ& Wg!;iynlﬁepmla@ Ha€nflihe FOI

exanpl e, expression o can stern bl ot or

assayi ng abi | FT§°0F° IQER}% At Eci fRi Bt coésﬁacsoéné’lemeﬂ‘%ar PELEAT®
i nvent i onlWi | Fhe¥6GF be Toe ored eqk ids pefuenren clotD iRhET &P |6wi Ag
speci fic, nonetdodes iangoBy@aEpl®S colpaBphe She Muakth@ubal MOME HE .

Exanpl es, CHO gLk »hdMaemO\Aef;utat%@rc%§§agg9cfa%959tgﬂa genes were
anal yzed in shake

vi abl &
G T L IR R R gt R
secret ed prot@&sisover) tpEcarpalMMamprietdsédsant Celdegeadatien: and
CHOK1SV ced| hint@ef LiobzeasBi 0bvegh6sa1sShough, cdlk) qurdasignaied asd he

Control cell 1306, GLA3A, 3P4, OHOKL L5, { ATPLI.CARJTYDE QULLLLE,

Col | ecti on, nassa SA), designated as I ne C1835

were cul t ur ed¥i® ?ﬁtscﬁéf‘}‘ré‘al thh-gcse I‘&?lyﬂ‘ﬁffﬁgtfﬁflsyrl%?ﬁ Sgefr
Carl sbad, CA) zutcopted pfpu8leaifid ayobseiand. sdppireaeinteéd, wbeh 6mM
L-d ut am ne (dwhbdegenadsabs Ne. lrﬂxﬂéaiacroa@ bel PrevQbBy iPSéaREees,

anot her aQ. m&ec?igl t?t!ld?l %_L, ERE: egg&‘%ge lgl ng‘E%@%]J! %Elg((aﬁ’l g| ucose

concentratlons I.nc U gl uco

nedi un) was u%@dlcﬁfai %oﬁ?%lg'éjr‘lfin?’?ﬁé@ep?ﬁséﬁa]%l\@dmﬁléﬁll‘i‘-ﬁf@r’one Labs,
Logan, UT ( CatechMoqueSH30@ZAn0REs el brauking es awpénimni tored by a

Cedex aut onated yeedlece ARt bAG Ghsdd AR seRlchhOQMat S fGedmaly) .
Integrated vighle cell count (I1VCC, cell-day/m) was cal cul ated using

the follow ng eorrrula | VCC (dl') = (VCD (dO) + VCD
(d1))/2 +1D (d0) TR &re YDt iAegbP e tER | nVaRFSPt jRY also comprise

at least one non-coding seguence, such as transcribed but not
translated sequences, termination signals, ribosome binding
sites, mRNA stabilizing sequences, introns and
polyadenylation signals. The polynuclectide sequences may

35 also comprise additional sequences encoding additional amino
acids. These additional polynucleotide sequences may, for
example, encode a marker or tag sequence such as a hexa-

histidine peptide (Gentz et al., Proc. Natl. Acad. Sci. (USA)
8



30 Expression vectors: Codi ng sequence of Bcl-2A (SEQ I D NO
11) was cloned under the CW pronoter into the pCDNATI43.1(+) vector
havi ng Neow©®.206908249y sequence of Bcl-XL (SEQ | D NO 9) mreasscbiomoenss
under the CW pronoter into the pCDNANB. 1(+) vector having 35 Zeo4D.
Codi ng sequence of MDM2 (SEQ ID NO 3) was cloned under the CW
pronoter into the pCDNAnB. 1(+) vector having Neel (r). pBUDCE4. 1

vect or desi gned:d20-eongtpdut byvelny BxpepssieElDy 18K (obFed @al1pr ardter),
ei ther alone gp.jd- wnw&tm Ofh Wt oo iAYENo( GMY oREONRLES ) BAS:Reen
descri bed (N vitchanyong et "al., Biotechnol. Bi oeng. 98:825-841
(2007)). The VeBFSPUE:G5r essing XI APA (CW pronoter) has been

descri bed (Sauerwairgptetr ghhbodiBeot efhiis] inBirgény.1s77:VEGAC7 16

(2002) ) . MDBR N 18X0f @6 SiRNlayer bolyritase@aneratesy Ry stquevité rown

mut agenesi s Tt oraghne, MgVe, ex{?ﬁee%g!: c!}svﬁEtt%"e lr&eHP%' aP@h'sQﬁﬁy fgﬁb #1)

expressi on vector was constructe onin eavy

chai n cDNA i nPd 4 2E %Rt e Jgﬁﬂtﬁg"s% (ie%l)l%gﬁ}gegg}ygﬁcw&g?s (gBt ai ned
from Lonza Bi dtdgingsg=xp8kerigh, ofUK, pelngert ael Gngudsédivch tectensy) .

Generation of :RPARLOLHIIGR GEbloldgRes: systems, inclAfi®Xpon@Btialteaul ture

of CHOKISYoCeblo1dg08. 1189, anshaet & i eV BLiaus,ombigations of

expreSS|on vec own i n ect omas were

sel ected usi n@n%l "éé%ldﬁé’t‘fe&ns‘&fh ADOSTGPTA IRYHION I ™M PALE6 1 g/ m
genticin, or B0&nmdgénbaZenciophagdboutraROfbspesulversly episaresect omas wer e
expanded i nto;24-\wel) e@laﬁérﬁsa%agaméﬁos%!mhaé:ﬂetnyﬂttsy determ ned by
APO-CNE assay SP o; :Lz.%ses va v:.ruge \M?l g Mﬁsu\}’a%n:?nr}t SvV\'erse
performed; a) a3 ik gfc?vvf’ﬂ phasée Ea @ st seedi ng) 1ol oW ng

t reat ment 1 t RISABF&SHor Fre Ecﬁ‘ VREAEE aﬁ?@ﬁf‘%@nbées é’ﬁﬁuif)s late in
growt h phase fpidayatirupestandseadbnipuseatanshiedtors mMeriedsdbset of

wi | d-type cel Lsquhias: Qoresesd, QL0 a%pgﬁnaagsanﬁﬁ%%m&g omas that had
reduced 25 caspase, 3/7 ct|V|t;ées in cas ) V\erq] further expanded

and top two to fourScl BHess ir &"sd ”en Rhake™{1°4Ek Patch growt h
profile studi @scroparticlpp.orish r?giBEWéaﬂtS} |Hé’§dwé>r“éf%fr yOPIEsEr ved.
Shake-f| agR cukdipriestohsseipectadtt | nesawireitiostetbpilocatrieduced

caspase 3 30 activif xn@emﬁé;@l&énysafnghé lluoér@agﬁmhel ahal.ed; anki bodi es
specific for caspase D Bi osci enc Cat 8652X/ 5505572 Sel ect ed

cell lines weF& Séb?ﬂad %\Wif su%(l%r??seld’”f oerCtEéTItYBé‘f'laI%lﬁ O rhete cel |
| i nes under wentcledn 2@ 1S a8 GFEBIALI Hiaty care senHGLi nretgﬁéa*%sence of
anti biotics, whiehonwarendb «tsethsasn &l ecidigpegantsicodde bgeddehl & nes

gener at ed »3gr e, shaun 'gac;[atmeﬁerlts ﬁéfrc%ﬁﬁh% eian%epigt%msgg%c\e@s
confirmed 1n a sel ect, set of i ne ’?]6")1 Western blot. Table 1.

Cel | Iine OveP ¥ipPesd&d gpﬁlﬁep%h’?i”é@l ation sites, ribosome

binding sites, and other sites that facilitate the expression
of encoded polypeptides in a given expression system. Such
expression systems may be cell-based, or cell-free systems

30 well known in the art. ©Nucleic acid sequence elements and
parent vector sequences suitable for use in the expression of
encoded polypeptides are also well known in the arxt., An
exemplary plasmid-derived expression vector useful for
expression of the polypeptides of the invention comprises an

35 E. coli origin of replication, an aph(3‘)-laz kanamycin
resistance gene, HCMV immediazte early promoter with intron A,
a synthetic polyA segquence and a bovine growth hormone

terminator. Another exemplary plasmid derived expression
10



BX-61 Bcl-2A and Xl APA BMX-13 and BMX-39 Bcl-24, MDM2 and Xl APA Bx-51
Bcl - XL BxMX- 01, BxMX-11 and BxMX-25 Bcl - XL, MDM2 and XI APA EM 15 and

EM 70 E1BI1®G esvhsM2 EM 197 E1B19K, AVEN and XI APA EA-pL§fsEdeddPHisand
AVEN C1013A none BM MDM2 and Bcl-26,; BxM MDM2, Scl-XL EMX- NDM,
E1B19K, XI APA 5 Shake-flask cultures of apoptoticR cell |ines:

Sel ected apoptoticR cell lines were cultured in batch node in CD CHO

medi um suppl ereriRdcMdrhs&TVh G Ut-aM Rei@dot Nepiication, an
ant(4’)-la kanamycin resistance gene, Rous sarcoma virus long
terminal repeat sequences, HCMV immediate early promoter and
an 5vV40 late polyA sequence.

b Another embodiment of the invention is an isolated host
cell comprising a vector of the invention. Representative
host cell examples include Archaea cells; bacterial cells
such as Streptococci, Staphylococci, Entercococci, E. coli,
Streptomyces, cyanobacteria, B. subtilis and S. aureus;

10 fungal cells such as Kluveromyces, Saccharomyces,
Basidomycete, Candida albicans or Aspergillus; insect cells
such as Drosophila S2 and Spodoptera Sf%; animal cells such
as CHC, COS5, Eela, Ci27, 3%3, BHK, 293, CV-1, Bowes melanoma
and myeloma; and plant cells, such as gymnosperm or

15 angiosperm cells. The host cells in the methods of the
invention may be provided as individual cells, or populations
of cells. Populations of cells may comprise an isolated or
cultured population of cells or cells present in a matrix
such as a tissue.

20 Introduction of a polynuclectide, such as a vector, into
a host cell can be effected by methods well known to those
skilled in the art (Davis et al., Basic Methods in Molecular
Biology, 2™ ed., Appleton & Lange, Norwalk, CT, 1994;
Sambrook et al., Molecular Cloning: A Laboratory Manual, 3™

25 ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY, 2001). These methods include calcium phosphate
transfecticn, DEAE-Dextran mediated transfection,
microinjection, cationic lipid-mediated transfection,
electroporation, transduction, scrape loading, ballistic

30 introduction and infection.

Another embodiment of the invention is an isolated
pelypeptide comprising a polypeptide having a sequence shown
in SEQ ID NO: 4. SEQ ID NO: 4 is a polypeptide comprising
variant human MDM2 protein with a D300A substitution. The

35 polypeptides of the invention may be produced by chemical
synthesis, such as solid phase peptide synthesis, on an
automated peptide synthesizer. Alternatively, the

polypeptides of the invention can be obtained from
11



10 requisite antibiotic selection agent(s). CD-CEO nediumis
formulated with 30 mM gl ucose. Additionally, select 2Wexpressing

cell linesygi@nsMhiured in a custom fornul ated ani mal ppralseionodnise
medi um suppl enented wi th 6nM gl ut am ne and 60mM gl ucose. 15 Caspase
3/ 7 activity Assay: About 3x105 cells of each clone were

seeded in one m of growh nediumin a 24-well plate. On day 4 (d4)
post seedi ng, p@lRUL1b:105 caldBWETEnkE anal pegiaded Myt eiphkeaie to a 20
96wel | plate. %hlfrosp“r“e%sﬁép'\é' fsg%mswg§chagge gﬁotc £ G )L;Liywere

i ncubated for ef Or & assayi ng for caspase I Vi APO- ONE
kit (BD Labs)»2FHesHt-6eethir éY%%‘Sf r"@ﬁéﬁtgéémoeﬁ‘tai@: basee fEPTTTELOn
St aur ospor i nesy@asnemantietkchdhirhdkotgds thatchadssd gabfecant|y | ower

caspased/ 7TsactiMchy, ORnbQIN g@g%éda\@ro@ exdansed : bnt@nshakepd | asks. The
apoptoti cR nature oé t he se ect ed ‘% £s_.was confllrlrrelg % fl ow

cytonetry 5 aRafysf b(ys%}?rﬁéf it of " Apot Ci'Gnés by

V&S Apopt ot i ¢
fl ow cyt onet r yucleic aﬂdﬁéﬁﬂ@?“‘?&Pétht?eFF‘se“FF@mbéx‘tﬁ?ﬁéh‘ﬂ%I weldl tures
wer e wi t hdr awkndunom eae harshake:rf kaslkchnbimardwepiepliat 65, camidybat ed 10

with Staur Osp%éﬁ%e& %&Méﬁ), iﬁelé@%ol?ﬁéﬁf@éé@d mem&h@@dolmc@hén
PBS. The gﬁ wer e en i ncubat 2075KK, BD
t

Bi oSci enc 6r’T |w>’<l%1ri’§°f)%‘rlﬁ8acbﬁhlefe‘becPﬂé?ﬁeSFg?ﬁ 8%}amlng § wash, cells
wer e i ncubat edowireht FeFChRalet eﬂdlvawﬁOHcasTr?as@?}YP%ldeN@f 68854, BD
Bi oSci ence) 15n\aslﬂzﬁ:£&0d1¥ybﬁafn@fﬂseslﬂb$1%t boIgpEhERet ccoapal 3isbsa by fl ow

%g’g\% Lyprg??%g?éﬁe = Cﬁg q;vell/g\é% Qase%calaﬁaemoﬁworigp&@élhel i nes

MX-13 and essi Bc1l- 2A,
MDMR and Xl APACH §S5@d P‘%Eéfpa%’ts’ﬁé Tfaryaﬁgfjeeéfl%ﬁ °6eTeichF‘§‘éf ‘@%
expr essi nd5 Bcie@Anadm X ARA, 0B8-r3%- expreagiongrBein ZRdptne, 2amdlt he
control Cl013As Vi@rt@raalrlgl (}’(ﬁﬁgrlnﬁhEOp%&Ktiﬁlaw EmeeddicCotientadD) of the

control 25 cel 1 I e Lof BMX

cl ones reache ér wbout ™ 1?9)% gor@é] ﬁgt%r%ﬂ %%%ﬁlﬁgsgeggg?éeegg?ﬁag Bcl- 2A

and/ or Xl APA ﬁ‘é"ci”ieh-‘{e’iryﬁjé*bﬁ%t:ese\%ﬁ“(qzl gure 1A). BMX cl ones had hi gher

i ntegrated viabl e pekhecourdifeMCCF Tonmparedien 13- 3eghoBXo61. BMX- 39

gagla ;1(?%%2 nﬁéﬁ@f 8sidy hv&ﬁyggptqwerc&@mgmg a% cosmabethloi@l hor
cremen ct u

conj uncti on V\Ilg??’lt §cjfg,&f 'I[F %?%en E%’I? ﬁﬁ%&h‘é@?&g g(fg%sbgmd Th hi gh

viability of eerdisiens PH@EHC&)?@: ftaf rﬁh(?uF’EEiﬁeéS’ror’P &t Gitor et 7S

resulting in poceased pepdisingy ket dsgudneet Biewp b gghaihdicewt.i cal s 35

gener at ed from a Q{o@,@b@gﬂlgrba(ﬁebé dulleﬁre@eﬁﬁaé&darw eBh@R iapORLOtiaR host

cell line gy of eriar ua e 39
denonst r at2ed for mﬁéré Blin%é)v\n? ?a%“lngn lvirb Who 1%%%%%
respectively \?\h rcient é@ﬁﬁé?é‘?ﬁstlﬁgt%@%ﬂ??ﬁ;b‘l*e Cl@)‘i@ﬂre CORPHHITPRG
ant i - apopt ot i eediff, egrid ofldtee gamess isnftheeCHGcetlie kkmerss3e8bfand

BX-61 had had,d2meanthe-{Q detownraguhation of easrases.e, Skeanple 2

mammalian cell types can be aerobically cultured at 37°C

30 uwsing appropriately buffered DMEM media while bacterial,
yeast and other cell types may be cultured at 37°C under
appropriate atmospheric conditicns in LB media.

In the methods of the invention the expression of a

polypeptide can be confirmed using a variety of different

35 techniques well known in the art. For example, expression of
MDM2*9% can be confirmed by Western blot or assaying ability

of MDM2*%P to inhibit caspases.
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Ef fect of nobya on Bcl-XL expressing cell lines Gowh profiles
of triple transfected BxMX-01, BxMX11l and BxMX- 25, expressing Doi- XL,
MDM2 and XWARAWIR24¢ONpari son to Ex-51 expressi ng Bcl- Xpcalusa®o/mas1ssel |
as the control cell 10 line Cl1013 were eval uated. The peak vi abl e
cell count (VCD) of control cell line reached 6x10e6 cells/m whereas
t hose of BxMX cl ones reached about 12x10e6 cells/m (Figure 2A). Cell
| i nes expressi ng Bik-iesent ynhead: ionterliedivabe &EDridedr wighanpl e, the
peak VCD of celterbhfe BXrmal r¥Bi%10x1066: <43, GRInl 81tk 1 nBxMXngle@nes had
hi gher | VCC conpared to Bx-51 with 34%increase in | VCC over control
as conpared to 18% for Bx- 51 (Figure 2B). Co-transfection of Sol -

and MDM2 onl yEX3@Reesut XI APA) failed to generate cell lines with

hi gher VCDbor extendegk [tongenht edatetas, Nnodo shomwn)nesThbusy- XI APA and
MDMVR 20 are Ie%ﬁlexsi@ ngabcttow@ %é@@ngér%t 5&61%12& tQwards achieving the

hi gh |1 VCC observed in 5 cell T1nes,
Caspase 3/7 aCtivres %sped’évwa\bé@ﬁeéﬂe%e”flty' %Ongeé(ﬁay'S PERAFS W7
BxMX- 01, BxMkadtivanebrBxdl 2Bpraved peetivielop, casecmyparmgtedscont r ol
C1013A. 25 Exanple 3 Effect of MDM2 on E11319K expressing cell lines
G owth prdfilestegtaBEMatd MatiblodsVt 70 expressi ng E1B19K and MDMR are
shown in Figure 3. For conparison, in a separate 30 experinent, cell
| i nes expr essEdg E4EIR: and AVEN (EA- 167), or expressi ng E1B19K, AVEN
and Xl APA (EAX- 197 S t ransfecti on i ne,
C1013A were i ncl uac)ﬂggfsf},\e b akn i aBIFe ge?]lo ?é‘v ‘of control
cel | line reathedrsieroas t(lflél FRKPl \Hiset e]&:*é’et‘H(S’ééAroﬁn ME@Kbnes reached
about 12x1Deb6 (Bercedd Sipd cubtukexdfeecceln, skadassdheuamxi dresngWe2 £ or

E_A- ﬁgz ?Ucéc Eéag 194 @mr&ﬁﬁéu ﬂée %%Qg@eqeléa&med IJ@@:DEM(%%I?%@@I} ggge
i % |
. el G, Caeibade o0 et S o

in | VCC over ontrocf as conpd
EA-167. Thi s ®atcauceicomef \ﬁPPH’]lef“h%tefdaE%tft e Ic€litamipesilaxiressi ng
E1B19K al one wer.eusnotlosud-orci entnfe@meanhsitelvdaa;g irdvendi ghihalCC observed

inthis ez@erﬁmeaniéﬁbgl&eb@fmegngal% vamlﬁxyk&mgkaébggng

98: 825- 841 (200?4%1 %}Ejr%’g Sts t qh t‘ %tﬁg to the .increase
in 1 VCC obser V&a TH"E ’ﬁfﬂ)sﬁ 18% IaSIT egd TRRsFEEEMon of
E1B19K, MDMR aifd UXeAPAF§tEil| Beving srenereasereethpseq feem Wivekertei gher VCD
or | VCC as compal, etbdaa, (Wati@aimofio Shkawm)71 . Caspase 13tdiwmets weky 1N

EM 15 and EMJ&l@siéd kyrge%ea@; guéo’inéoc@@%@%ouw E&%P&%hé&% y, from
t he contrQ 13A. For 97 had. 37% and

on,
20% of ca$ 3P al&’l@ﬁrfnﬁ gs tﬁ%ttegiS?teelﬁjla?Aec%et‘}tlr otUrtAbbtosi s was
al so confir ne@lalléydﬂ_/@w agsdesicriped apogethd1od bfvigonoroiiacel | s were
positive for caspase 3titowhereas(vcp- (0% ofcrcell)s /i thabn(ael | i nes

15 expressi ng,apopi@f ot§cRigenes yere caspase 3/7 positive. Cell
lines with the | owest caspase 3/7 activity (eg. 8-31) did not

necessarily have the highest I1VCC. Exanple 4 C oning and expression
of nut ant 3WDNxprébsioperdarorexpr essi ng wil d-type hunan NMDMVR2

full-1ength cDNA (Cgaglnnt%angqu Accessi pny WZ%&% b %@anbgh_:asl ned from John
under the CMV promoter into the pCDNA™3.1 (+) vector having
Neo®. Coding sequence of Bcl-XL (SEQ ID NO: 9) was cloned
under the CMV promoter intoc the pCDNA™3.1(+) vector having
35 Zeo®. Coding sequence of MDM2 (SEQ ID NO: 3) was cloned
under the CMV promoter inta the pCDNA™3,1(+) vector having

Neo®. pBUDCE4.1 vector designed to constitutively express

E1B-19K (EF-la promoter), either alone or in conjunction with

13



5 Hopkins University. The MDMVMR2D30OA expression vector was generated
by in vitro nutagenesis with a nutagenesis primer 5 gctgaagagggcttt
gat gt gccgg¥ot2gt/1addhaaact atagt g 3' (SEQ I D NO 15, resdGIYHg009{§47485
repl acenent of A at position 899 with C, and in substitution of
Aspartic acid for Alanine in the 10 predi cted MDM2D30" protein. The
mut agenesi s was confirned by sequencing. The MDM2D300OA DNA sequence
i's shown in SE@1 DCROPrenesd) the predieted PO BI0TApr et 3dequence
i s shown in SEQdbohNG. diochal svmnemsrasbandoovect ochasewedd as its
wi | d-type cou u f i.en n
@&%#%%ﬁ%&ﬁ%g@%@&%}aﬁ %ee% Ge%@cﬁé@ {(Sauerwald

transfections. , pe proteins were
transiently eXxpridssdtf TR Pk H99°ER I7§.’7%§}%r{ﬁo%)(§t' défbhst r at ed
presence ob heghressiayekstaf "MDVBD3CGOAdI 1Y the/ited Imtatmeséonisared to
the wild type:MMhv: HiggesdibAgrdcier Muhamidepr fiebsaNaso nane resi st ant

to proteol ytig, degradation than the w.ld 20 type, capafiple 5
E)gdi 1T |

Generation of | A-expressing cell Tines Stable cell |1nes
over - expr essi AGINDBBS0BR o WA SNEME 235 D P8R E1RS (1Y e B R8T Ht%ed as
descri bed in Exampl éobkaidasb fhostloged Biblawdss, CLOUBA BRI vBI835A wer e
used. The1bi Stesfaregllickhstds used in growth profile studies is shown
in Table 2. Table 2. Cell line Host Trandededgenes A3 C1013A W
MDM2 A4 C1013A W MDW2 Bl C1013A_ MDMRPD30OA B5 Cl013A

Generation of apoptotic® cell lines:

An exponential culture of CHOK1SV cell line was
transfected with various combinations of expression vectors

15 as shown in Table 1. Transfectomas were selected using a
combination of 400 pg/ml hygromycin, 400 pg/ml genticin, or

300 pg/ml Zeocin. About 200 resulting transfectomas were
expanded into 24-well plate and caspase 3/7 activity
determined by APO-ONE assay {(Promega, Madison, WI). Two
20 measurements were pexrxformed; a) early in growth phase (~day 3
post-seeding) following Zreatment with Staurosporine to
induce apoptosis; and b) late in growth phase (~day 10 post-
seeding), at which time, & subset of wild-type cells has
progressed into apoptosis. Transfectomas that had reduced
25 caspase 3/7 activities in both cases were further expanded
and top twoe to four clones were subjected to shake-flask
batch growth profile studies.
Promising cell lines were cryopreserved. Shake-flask
cultures of selected lines were tested for reduced caspase 3
30 activity by FLOW, using fluorescent-labeled antibodies
specific for caspase 3 (BD Bicscience; Cat. #68652X/550557).
Selected cell lines were C-coded and submitted for cell
banking. These cell lines underwent ten to 15 passage
stability testing in the absence of antibiotics, which were
35 used as selection agents. The cell lines generated are shown
in Table 1. Expression of each transgene was confirmed in a
select set of cell lines by Western blot.

14



MOM2D300A C7 C1835A WIr MOV C8 C1835A WI MDW2 D6 C1835A MDM2D300A D7

C1835A VMDMRD300A C1013A Pool
MDMRA3000 welhiw/15£831D13A none

10

15

20

of wild-type MDMR cells
C1835A none

C1013A Pool
PCT/US2009/047185

Table 1.

Cell line Cver-expressed gene
B-31 Bcl-2A

BX-61 Bcl-2A and XIAPA
BMX-13 and BMX-39 Bcl-2A, MDM2 and XIAPA
Bx-51 Bel-XL

BxMX-01, BxMX-11 and BxMX-25

Bol-XL, MDM2 and XIAPA

EM-15 and EM-70 E1B19K and MDM2
EAX-197 E1B19K, AVEN and XIAPA
EA-167 E1B19K and AVEN
C1013A none

BM MDM2 and Bcl-24;

BxM MDM2, Bel-XL

EMX- MDM2, E1B19K, XIAPA

Shake-flask cultures of apoptotic® cell lines:

Selected apoptotic® cell lines were cultured in batch
mode in CD-CHC medium supplemented with 6mM Glutamine and the
requisite antibiotic selection agent(s). CD-CHC medium is
formulated with 30 mM glucose. Additicnally, select Ab-
expressing cell lines were cultured in a custom formulated
animal protein-free medium supplemented with 6mM glutamine

and 60mM glucose.

Caspase 3/7 activity Assay:

About 3x10° cells of each clone were seeded in one ml of
growth medium in a 24-well plate. On day 4 (d4) post
seeding, about 1x10° cells were transferred in triplicate to a
96well plate. Staurosprine (2pM fc) was added and the cells
were incubated for 1éh before assaying for caspase3/7
activity by APO-ONE kit (BD Labs). The procedure was

15
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EN170 C1013A E1B19K , MDM2 C1013H C10134 Bcl2d C1013.1 C1013A Bcl - XL
C1013K C1013A E1319K, Aven , XI APd BUI X13 C1013A Bcl-2d, MDM2 , Xl APd
Exanpl e 6 wokbdasis1of MDM2 on |ongevity and viability @CTTSGKY047085
cell lines The grom h profiles and viability

( Shake- Fl ask/ Bat ch) of 01013A-derived and 01835A-derived cell |ines
D6, Bl and B5 expressing the MDMRD30OA gene are shown in Figure 4.

Usi ng 10 Cent eg@zcpd apr d8t,apycgproteitnsfaeespedremast beitpedk Vhabl e

cell density NODLg OEhangéé/élg&%EQAtlgeidwekl&es \A@§3/87Xéh9éiv§€ b les/ M, and
that of the 01835A control cel ine V\Qﬁ(e %gllasi TIs/ . cg:tel L lines

over - expr essi RY GOAITAE®T eéir gased Tngevi §compared to the

control cell pines, of fhe erledSdhaterscids 8?’@3%1,35”‘81 ba’nHlCBBC&‘é?“'IEtW nes

wer e mai nt &i neskilivBi €ulskene1bor. up to 20 days, whereas the

untransfected host cell as well as the cells derived from bul k

3:Iye(1:£1egf p?gla fall ow ng trans{ QC(E]! on W t Qlol\v/FDIXEB.?:mOOA | ost viability by
About 1x10°% cells from exponential cultures were

withdrawn from each shake flask into 24well plates, incubated
10  with Staurosporine {(2pM fc) for 16h, harvested and washed
once in PBS. The cells were then incubated with CytoPerm
(Cat. No. 2075KK, BD BioScience) to fix and permeablized
them. Following a PBS wash, cells were incubated with FITC-
labeled anti-caspase3 (Cat. No. 68654, BD BioScience)
15 antibody before subjecting them teo analysis by flow

cytometry.
Example 1
Effect of MDM2 on Bcl-2A expressing cell lines
20 Growth profiles (SF/Batch) of BMX-13 and BMX-39,

expressing Bel-2A, MDM2 and XIAPA, as well as double
transfected cell line BX-61 expressing Bcl-2A and XIAPA, B-31
expressing Bcl-2A alone, and the control Cl013A were
analyzed. The peak viable cell count (VCD) of the control

25  ¢ell line reached 6x10e% cellsm/ml whereas those of BMX
clones reached about 11x10eé cells/ml. <Cell lines expressing
Bcl-2A and/or XIAPA had intermediate VCD (Figure 1lA). BMX
clones had higher integrated viable cell count (IVCC)
compared to B-31 or BX-61. BMX-39 had a 44% increase in IVCC

30 over control as compared to 23% for B-31. XIAPA had no
incremental effect on IVCC when used in conjunction with Bcl-
2A (Figure 1B), High IVCC correlates with high viability of
cells in the long term culture in a bioreactor, resulting in
increased product yieids. Further, biopharmaceuticals

35 generated from a production cell line derived from an
apoptotic® host cell line may be of superior guality. Cell
lines BMX-13 and BMX-39 demonstrated caspase 3/7

downregulation by 10-fold and 1lé-fold, respectively when
16



Exanple 7 Stability of the CHO cell |ines over-expressing VDMV

The 01013A-derived and C1835A-derived CHO cell lines D6 and 35

over - expr esei20@/1kMMRD300A were subjected to a 15- 5 paysagrszmbdedridsi ty
study, with and without the selection agent, geniticin. A growh
curve study was conducted at the beginning and the end of the
stability study for each cell |line and peak viable cell density

(i ndi cative otogelkd|tHonehstcabiddlt g)o1eas deotethind hetCtddodt &S cwi t hout

geneticin 10 5@%&%@%@%@5 Bl ﬁ@%ﬂﬁa&iagﬁ%hac{a %9%\561}5;@131 RLa
hi gher VCD s an hus c?n §$:on3| red to verg stable in the absence
b

of the sel ectl%n rea En gnajoniation 3542804 Speak VCD of Cel |
Li nes Over-expressing MDM2. m (15- 15 passage Stability Study)

Peak VCD (406/n) HUT - 85 (-) genehiampile @pl) 6.7 MIT - 35 (+)
genet icin (pl) 6.4 I\éigect cé LQDL& on Bcl-XI, expressing cell lines
Growth profiles of triple transfected BxMX-01, BxMX11
and BxMX-25, expressing Becl-XL, MDM2 and XIAPA in comparison

to Bx-51 expressing Bcl-XL alone as well as the control cell
10 1line C1013 were evaluated. The peak viable cell count (VCD)
of control cell line reached 6x10e6 cells/ml whereas those of
BxMX clones reached about 12x10eé6 cells/ml (Figure 2A). Cell
lines expressing Bcl-XL only had intermediate VCD, For
example, the peak VCD of cell line Bx-51 was 10xi{eé
15 cells/ml. BxMX clones had higher IVCC compared to Bx-51 with

34% increase in IVCC over control as compared to 18% for Bx-

51 (Figure 2B}. Co-transfection of Becl-XL and MDMZ2 only
(without XIAPA) failed to generate cell lines with higher VCD
or extended longevity (data not shown). Thus, XIAPA and MDM2

20 are likely to function synergistically towards achieving the
high IVCC observed in BxMX-01, BxMX-11 and BxMxX-25 cell
lines. Caspase 3/7 activity was down-regulated 7- , 5-, and
8-fold in BxMX-01, BxMx-11 and BxMX-25, respectively, as
compared to control Cl013A.

25

Exampie 3
Effect of MDM2 on El1Bl9K expressing cell lines

Growth profiles of EM-15 and EM-70 expressing E1B19K and

MDM2 are shown in Figure 3. For comparison, in a separate

30 experiment, cell lines expressing E1B19K and AVEN (ER-167),
or expressing E1B19K, AVEN and XIAPA (EAX-197) as well as the
transfection host cell line, C1l013A were included. The peak
viable cell density (VCD) of control cell line reached 6x10e6
cells/ml whereas those of EM clones reached about 12x10e6

35 cells/ml to 16x10e6 cells/ml. The maximum VCD for EA-167 and
EAX-197 was 13.6 - 13.9x10e6 cells/ml. The EM clones had
higher IVCC compared to EA-167 or EAX-197. EM-70 had a 100%

increase in IVCC over control as compared to 23% increase
17



geneticin (pl5) 9.1 HUT - 35 (+) geneticin (pl5) 7.3 HUT - D6
(-) geneticin (pl) 4.6 NUT - D6 (+) geneticin (pl) 4.5
WO 2009/152417 PCT/US2009/047185

10

15

over control for EA-167. This data, along with the fact that
cell lines expressing EL1B19K alone were not sufficient for
achieving the high IVCC cbserved in this experiment
(Nivitchanyong et al., Biotechnel Bioeng 98:825-841 ({(2007))
suggests that MDM2 contributed to the increase in IVCC
observed in EM~15 and EM-7C cell lines. Co-transfection of
E1B19K, MDM2 and XIAPA failed to generate cell lines with
higher VCD or IVCC as compared to (data not shown). Caspase
3/7 activity in EM-15 and EM-70 cell lines were 13% and 30%,
respectively, from the control C1013A. For comparison, EA-
167and EAX-197 had 37% and 20% of caspase 3/7 activity as
that of Cl013A control. Apoptosis was also confirmed by FLOW
as described above. 91% of control cells were positive for
caspase 3/7 whereas 1 - 30% of cells within cell lines
expressing apoptototic® genes were caspase 3/7 positive. Cell
lines with the lowest caspase 3/7 activity (eg. B-31) did not
necessarily have the highest IVCC.
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NUT - D6 (-) geneticin (pl5) 4.6 HUT - D6 (+) geneticin (pl5) 5.4
Exanpl e Productivity Studies Using MDM2 Over-expressing Host Cell

Li nes. 20Wbeowealkiiiti ne, A4, over-expressing MDM2 and Blcr/usy@bro47185
expressi ng MDMRWOOA were transfected with a reconbi nant anti body
heavy and |ight chain expression vector. The transfection m xture was
first bulk selected using glutam nefree nedia containing G utam ne
Synt het ase suppl ements and 25 25 pM pdakpisSubsequently, the m xture
was plated in methocult o] i i L, ones. About 100
resulting transfectomas E8ndn LR LG, g% Aqu%a-r?@ed nto 24-wel |
plate and a 14- daf@p@ﬁtOFl%@FeWgnﬁ@qu ByrazeiPHE] 6H%91tTl§thPhe

aver age ti t er sDfrOr{Ge¢dben VDM e asnicbnMINZDR3 0DAvwee | dot bime@S f BXPUEsSsi Ng
CNT0328 wese Qgp]maémnlaapsﬁygmthtacmzbsw fyxgb@gméntm@o; hat of clones
derived from 01013 vas rrg In a separate

experi ment, ceF"I & Were f“f’lﬁ?‘?ffn Pl W A" NORB EHE B1BTEK and
one cl one, EI\/I?O @ﬁaﬁ%gwés@a%gmmmtawwmgtq BangEeciked
with a reconbimanst, heavy:ardid iaghtpiGhakdnant idbadpexpiRsstOmiviect or

(Dorai et al.g ]aQIdBirptsgﬁmQLtloﬁbgfrbg}sbelfgl%‘?’aé'%zfglo%lg% Q9) 4 JQG

transfecti M xture was_fir ected usin utam ne-free
nmedi a conbgl nPHYEFEH dilhe SYRTHREE as dP8 UPPEREALS %ﬁdcoz%amer\%ky For
conpari son, se%#eatlrmt heFhec el R etz pedugden g sCLBRBALY GBALTIONY;
fClOlBMd 010133,an@19r153Kreﬂ%teB?DMwi%ro@.'n' %u@gcé-asbiﬂd&nsﬁ{ %E%i on
or 29days, uryiv t¢ toq a S
f ed- batch stugjf/3 I\T%EI\/I?y Ek?%vﬁg d&g‘ﬁﬁf %8?1&@ gge%§10 % Eg/'1_yp%n d23
wher eas the tTYBFE RF t e Pé%lfﬁfnﬁaffé}el“tl ?rﬁje§tﬂffjﬁ H’cﬁ“é%fé@asmo

mg/ L (Figlde 6). The MDM2%%%% and MDM2 wild type proteins were transiently

expressed in Hek293 cells. Western blot demonstrated

29304 in the cells when

presence of higher levels of MDM
compared te the wild type MDM2, suggesting the mutant protein
was more resistant to proteolytic degradation than the wild

20  type MDM2.

Example 5
Generation of MDM2°*°* _axpressing cell lines

Stable cell lines over-expressing MDM25%* or WT MDM2
25 proteins were generated as described in Example 1. Two host
cell lines, C1l013A and Cl835A were used. The list of cell

lines used in growth profile studies is shown in Table 2.
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Example 6

MNIHe- APOPTOTI C GENE HUMAN- MURI NE

D
DOUBLE

\SS| GNED
0>

Effect of MDM2 on longevity and viability of CHOKl host cell

lines

The growth profiles and viability (Shake-Flask/Batch) of

Cl01l3A-derived and Cl835A-derived cell lines D6,
expressing the MDM2D300A gene are shown in Figure 4,

Centocecr proprietary protein-free medium,

Bl and B5S

the peak viable

cell density (VCD) of Cl1013A control cell line was 8x10°
cells/ml, and that of the C1835& control cell line was 5x10°

cells/mL,

longevity as compared to the contrel cell lines.

batch cultures,

Using

Cell lines over-expressing MDM27°"® had increased

In fed-

Bl and B5 cell lines were maintained in

culture for up to 20 days, whereas the untransfected host

cell as well as the cells derived from bulk selected poocl

following transfection with MDM2P*%2 1lost viability by day 14

of the culture (Figure 5).
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<210> 1 <211> 1476 <212> DNA <213> Honpo sapi ens <400> 1 atgtgcaata

ccaacatgtc

tgtacctact gatggtgctg taaccacctc acagattcca 60 gctteggaac

aagagaccctwgguivagnata aagccattgc ttttgaagtt attaaagtct pEaAIsgicbgghgicac

aaaaagacac
aacgattata
atttgtttgg
acaggaactt
agaacaggtg
aagagaaacc
caatt agt ga
acaaat ct ga

ttatactatg aaagaggttc ttttttatct tggccagtat 180 attatgacta
t gat gagaag caacaacata ttgtatattg ttcaaatgat 240 cttctaggag
cgtgccaagc ttctctgtga aagagcacag gaaaatatat 300 accat gatct

ggt agt agt ¢ aat cagcagg aatgaipeggha ctcaggtaca 360 tctgtgagtg

tcacct ngﬁﬁlgg% 330l gudlLiqangua Gkl i&_lg@&é‘&n%zﬂm&agm tcagg
ttcatc aaggagag
gacagaagga’ dHttcdgar s é&?tc&t@%g"eﬂg‘%&%&813546“%&?%090c
t agtABbt eccreenmeesinogg MeNPI8bcetre gyot ettgtigte 6005gt aat aaggg

agat at gt t g5t gg@ﬁg@ag&aagiﬁgﬁaﬂicg aalet ACAGYLIRACIOEALENHO0L aat ccggat ¢

tt gat gct gg
agtttagt gt
aaggacaaga
gggagagt ga
aat gcacttc
ccecttegt ga,
at et ct gaga

' 9LaAg! 920, £8LLCa00N A d9LI 99,1 6a00aLL 8. [40, Ol cagat o

aga aat'ctc cgac tagc ct agtgaag
acP%%Jeag%& a@% t 92t §falgiyt atat étia@FF%}ttf@f F28h0r%lat caggeag
t atagabte pebk i \ahaaglatdeotyaadlindiceciteagetced00iigact at t gga
at g@@a&g@a AL YABLELCCTLL Ghl £6REC.AGBEE 3eaaCi 980 agat gttggg

gagiiggctt _cctgaagal ta aag aa% t%?@%%%g?%: %g‘%ﬁgttcct

aagccCaaacC gaaaacC cac

1080 gatt gt aadd &aded & ‘éi;tcagd%ﬂ ﬁﬁ‘f‘*’t”@@ %‘g&@a@rdaft gtigasa

aaat gat gat
att et eagcc
gt gaaagagt
atctagttt g
gacct aaaa

11l48kecanaatit atacedagcbh caageat qaaiEizgan. agt gaagact
atcaacttct 1200 agtagcatta tttatagcag ccaagaagat

{1 92320902 298900623, 1700, 995200320, 29200AL098 -

o t gwﬁ_ag}&ﬁmmaaacaggaca tcttatggcc 1380

tgctttacat gfgcaaagaa gCclraaagaaa aggaat adyC CChIkCHel(1ef/EE pgaca
1440 ccaattc%gﬁgcw%w
<212> PRT <21%% Fofb SATRRE SR008  vet Qys Asn nu- ®Adn Met Ser \al
Pro Thr Asp GatyrAlns\(ab gilidle tild in- @1015 $er Gn IlesPrO Ala Ser u
Gn Gu Thr R Y Y _éia&ti'-&i% yw\G tet—tet—tgey—tys—teu—teu
Lys Ser Val @y Ala a nlys Asp ‘? 54045 Thr Met Lys du V4l
Leu Phe Tyr I'8{F G55 dith Jepetiqie I\/ER15Thr lys 505560 Ar§ Lea Tyr Agp
GQu Lys Gn Gn HS TTe val Tyr (,ys Ser n ASp 65707580 Leu Leu |y
Asp Leu Phe \/ \Ial Dr n Qar Ser \I::I I\lc G I I—l| S QRO('\OR Arg I\S
e Tyr Thu-| BB 11% Fr g‘*&e“" S, 1230 Val |val Val AsdBin 100105170
A n du Ser SEIT Aspp Set @?tﬂ‘-ﬂw Sgrl)val $er @ u Asn4APg Cys His

MUT - D6 (-) geneticin {pl5) 4.6

MUT - D6 (+) geneticin (pl5) 5.4

Example 8
Productivity Studies Using MDM2 Over-expressing Host Cell
Lines.
20 The cell line, A4, over-expressing MDM2 and Bl, over-

expressing MDM2™%? yere transfected with & recombinant

antibody heavy and light chain expressicn vector. The

transfection mixture was first bulk selected using glutamine-

free media centaining Glutamine Synthetase supplements and 25

25 pM MSX. Subsequently, the mixture was plated in methocult

for isolation of indiwvidual clones. 2About 100 resulting
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115120125 Lea u Ay Ay Ser Asp Gn Lys Asp Leu Val G n Gu Leu Gn
A u 130135140 Qu Lys Pro Ser Ser Ser H's Leu Val Ser Arg Pro Ser Thr

Ser Ser
Asp G u
Ser Ile
Arg Gu
Thr Pro
Ay Asp
Val Qu
Ser Gu
Tyr G n
Phe G u
Thr Ser

Ay Lys

10

15

20

25

30

145030DH5M460 Arg Arg Arg Ala Ile Ser Gu Thr GPETESR0NG4Y1Ser
Leu
Ser
Ile
Ser
Ti ?
Phe
Gu
Val
da
Cys
305310315320

Ser 165170175 Ay Qu Arg G n Arg Lys Arg H s Lys Ser Asp
Leu Ser 180185190 Phe Asp Qu Ser Leu Ala Leu Cys Val Ile
Cys Cys G u 195200205 Arg Ser Ser Ser Ser Qu Ser Thr dy
AsrerBfectAsps ey 24:02 152200 AggreAb-a@isd Vato Sérveddlu Hi s Ser

L Pat'%sanGanlA%ﬁysﬁfengzé.%ggz&zﬂ&svaéd eI ndsR1bmdtrPhe Ser
llile \égr!arageutt%l;:séteol{ ﬁ%‘p M@E aZ%S@%ég%]@??%llAignJyr Ser Leu
y n u Leu Ser u p 2 Sp G u Val
THEOOFEP TRy FYRG338 ArexePY mer b S8F RIPL AN PE280785 Asp Ser
AsparPrbatGotl dloeeSeterbiest Akban ASPLIyr wiTich €3 2200203800 Cys
Asn G Vele AsitPEQr i RehEU chbQ sPde itk Sud¥ St ASBrected
Q‘EL% %B%Z gng %?9&'%%(:1'&\&% g.éjneesﬂ\ﬂ-gi Qtal'b%lf} gcrp?:egsil'rlugAsp Lys
E1B19K and MDM2 was transfected with a reccmbinant heavy and
light chain antibody expression vector (Dorai et al.,
Biotechnol. Biceng., 103:592-608 (2009). The transfection
mixture was first bulk selected using glutamine-free media
containing Glutamine Synthetase supplements and 25uM MSX.
For comparison, several other cell lines including C1013A
{control), Cl013M, C1013J, C1l01l3K, A4, B5, BMX13. Following
bulk selection for 29days, the surviving cells were subjected
to a shake-flask fed-batch study. EM70 provided antibody
titers of >700 mg/L on d23 whereas the titers of the
remaining cell lines did not exceed 100 mg/L (Figure 6).
An exponential culture of CHOK1SV was transfeced with vectors
expressing E1B19¥ and MDM2Z. Two days later antibiotic
selection protocol was initiated. By day 29, all
untransfected cells were eliminated whereas the antibiotic
resistant cells (transfected pool) had survived.
These cells were used for performing a shake-flask fed-
batch growth profile study. 2e5cells/ml was seeded in Mach-1
medium containing supplements. Starting day-2, the cultures
were fed daily a nutrient mix ¢f glucose and amino acids.

Cell counts and titer was measured daily.

The present invention now being fully described, it will
be apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without

departing from the spirit or scope of the appended claims.
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325330335 Asp Lys Gy GQu Ile Ser Qu Lys Ala Lys Leu G u Asn Ser
Tlu- @ n 340345350 Ala Gu Gu Gy Phe Asp Val Pro Asp Cys Lys Lys
355360365 Asp Ser Arg GQu Ser Cys Val Au G u Asn Asp

Thr Ile Val
Asp Lys Ile
Ser Gn Pro
A u Asp Val
G u Ser Val
Val Ile Cys
Lys Thr Gy
Lys Lys Arg

A n Met |gMad

Asn
Thr
Ser
Lys
Au
Adn
Hi s
Asn

DNA <213> ‘Art

Adn
Thr
du
Ser
Ay
Leu
Lys
Leu

icial

370375380 Ala Ser G n Ser An AQu Ser Gu Asp Tyr
Ser 385390395400 Ser Ser Ile Ile Tyr Ser Ser A n
Phe A u Arg 405410415 Gu AQu Thr Gn Asp Lys Qu
Ser Leu Pro Leu 420425430 Asn Ala Ile Qu Pro Cys
Arg Pro Lys Asn Gy 435440445 Cys Ile Val Hs Qy
Met Ala Cys Phe Thr Cys 450455460 Ala Lys Lys Leu
Pro Cys Pro Val Cys Arg G n 465470475480 Pro Ile
Thr Tyr Phe Pro 485490 <210>3 <211> 1292 <212>

Sequence <220> <223> Engi neered nmutant of human

MDM2 gene with A899C substitution

1. A method of increasing production of a secreted protein in a Chinese Hamster
Ovary (CHO) fed batch cell culture, comprising culturing a CHO cell line over-
expressing MDM2 and E1B19K and one or more genes encoding the secreted
protein

mg/L.

The method of claim 1 wherein the titer of the secreted protein is at least 600

The method of claim 1 wherein the CHO cell line is CHO-KI.
The method of claim 1 wherein the CHO cell line is CHO-KISV.

The method of claim 1 wherein the secreted protein is an antibody heavy chain

and an antibody light chain.
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<400> 3 atgactaaac gattatatga tgagaagcaa caacatattg tatattgttc
aaatgatctt 60 ctaggagatt tgtttggcgt gccaagcttc tctgtgaaag agcacaggaa
aatatatacc 120 atgatctaca ggaacttggt agtagtcaat cagcaggaat catcggactc
aggtacatct 180 gt gagtgaga acaggtgtca ccttgaaggt gggagt gatc aaaaggacct
t gt acaagag 240 cttcaggaag agaaaccttc atcttcacat ttggtttcta gaccatctac
ctcatctaga 300 aggagagcaa ttagtgagac agaagaaaat tcagatgaat tatctggtga
acgacaaaggs cR33e9aegca aatctgatag tatttccctt tcctttgatg

aaagcct ggc gtgtgta 420 ataagggaga tatgttgtga aagaagcagt agcagt gaat
ct acaggga gctggt gt aagt gaacat tcaggtgatt
ggt t ggat cﬁl gggﬁmRﬁgnﬁcag g%?ﬂﬁagt gtaga atttgaagtt gaatctetcg
act cagaag ct cagat at gat gagg
t at at eaag'?al %IEG‘g]ng%gﬁ)g%n %&&?‘%’M r%@aﬁ@pngagaagat c
ctgaaatttc g GREAY 6E&Et cceccce
ttccat caca tYERFCHRESHANG HHERABEYEL ?B@f@ﬁ@%a ttggcttcct gaagat aaag
ggaaagat aa ag aaat c 840 tctgagaaag ccaaact gga aaactcaaca caagct gaag
agggct t t g 309 5@@@;]3(7900 t gt aaaaaac tatagtgaat gattccagag agtcat gt gt
t gaggaaaat gat gataaaa 960 ttacacaagc ttcacaatca caagaaagtg aagactattc
t cagccat cd48e IOCBRRMSSIGNED gcattattta tagcagccaa gaagatgtga

aagagttt gd4&ag0eme@aa acccaagaca 1080 aagaagagag t gt ggaatct
agtttgcecc ttaatgccat tgaaccttgt gtgatttgtc 1140 aaggtegacc

t aaaaat ggt1 5096806 0i3GC at ggcaaaac aggacatctt atggcctgct 1200

tt acat gt gqsaRa0@AQs® aagaaaagga at aagccctg cccagtatgt agacaaccaa
1260 ttcaaatgat tgtgctaact tatttcccct agl292 <210>4 <211> 430 <212>

PRT <213%4ptikicial Sequence <220> <223> Engi neered nutant of human
MDM2 protein wth Asp300Al a substitution <400> 4 Met Thr Lys Arg Leu

Tyr Asp Gy,l Val , Tyr Cys 151015 Ser Asn Asp Leu
Leu Oy AL ﬁ“%](gf‘gw“@?“ yefiao YL L8 Vol %0250 Lys Qu H s

Arg Lys gz Tyr Thr I\/Et Ile Tyr Arg Asn Leu Val Val 354045 Val Asn
Gn ’l} %er Asp Ser Ay Thr Ser Val Ser A u Asn 505560 Arg
oys Hls Le’r ‘%17 y Gy Ser Asp G n Lys Asp Leu Val Gn G u 65707580
Leu Gn ys Pro Ser Ser Ser His Len Val Ser Arg Pro Ser
859095 Tﬁ@l%%HOQé’rsam%s Arg Arg Ala Ile Ser Au Thr Au A u Asn Ser
Asp 100105110 Gu Leu Ser Ay Au Arg G n Arg Lys Arg H s Lys Ser Asp
Ser |le F#8020125

atgtgcaata ccaacatgtc tgtacctact gatggtgetg taaccaccte acagattcca 60

gettcggaac aagagaccct ggttagacca aagecattge ttttgaagtt attaaagtet 120
gttggtocac aaaaagacac ttatactatg aaagaggtic ttitttatct tggecagtat 180
attatgacta aacgattata tgatgagaag caacaacata ttgtatattg ttcaaatgat 240
ctictaggag attigtttgg cgtgecaage ttetctgtga aagageacag gaaaatatat 300
accatgatct acaggaactt ggtagtagtc aatcagcagg aatcatcgga ctcaggtaca 360
tetgtgagte agaacaggtg tcaccttgaa ggtgggagtg atcaaaagga ccttgtacaa 420
gagcttcagg aagagaaacc ticatcttca catttggttt ctagaccatc tacctcatct 480
agaaggagag caattagtga gacagaagaa aattcagatg aattatctgg tgaacgacaa 540
agaaaacgcc acaaatctga tagtatttee ctttectttg atgaaagect ggetetgtgt 600
gtaataaggg agatatgltg tgaaagaagc agtageagtg aatctacagg gacgecateg 660
aatccggate ttgatgetgg tgtaagtgaa cattcaggtg attggttgga tcaggattca 720
gtttcagatc agtttagtgt agaatttgaa gttgaatcte tcgactcaga agattatage 780
cttagtgaag aaggacaaga actctcagat gaagatgatg aggtatatca agttactgtg 840
tatcaggcag gggagagtga tacagattca tttgaagaag atcctgaaat ttecttaget 900
gactattgga aatgcacttc atgcaatgaa atgaatccce cecttecate acattgcaac 960
agatgttgge cccttcgtga gaattggett cctgaagata aagggaaaga taaagggeaa 1020
atctctgaga aagcecaaact ggaaaactca acacaagetg aagagggcett tgatgttect 1080
gattgtaaaa aaactatagt gaatgattcc agagagtcat gtgttgagga aaatgatgat 1140
aaaattacac aagcttcaca atcacaagaa agtgaagact attctcagec atcaacttet 1200




Ser Leu Ser Phe Asp Gn Ser Leu Ala Leu Cys Val Ile Arg Gu Ile

130135140 Cys Cys A u Arg Ser Ser Ser Ser Qu Ser Thr Gy Thr Pro Ser
Asn 145150155160 Pro Asp Leu Asp Ala Gy Val Ser Qu Hs Ser Ay Asp
Tip Leu Asp 165170175 G n Asp Ser Val ,Ser Asp G n Phe Ser Val d u Phe
Adu Val @u Ser 180185190 Leu Asp Ser u Asp Tyr Ser Leu Ser Qu Qu
Gy Gn du Leu Ser 195200205 Asp G u Asp Asp Au Val Tyr G n Val

3y ap p@fgc%ﬂttﬂa@ca@cﬁ%&%&%% LR RH o b Lys Oys T

Ser Cys [: ° ! Se % c 5%9&0 el %gs his Cys Asn Arg

Cys Tip 0L Gy L
attt ggf’ sha ag %JE% a ys & 802%2 Se%/ T%?

Asp Lys

Gn Ala cﬁ‘%at tﬁfﬁé‘ "“\?%Ft %Bro Ala Oys ys Lys Thr 290295300 Il e
Val Asn As Ser Arg Gu Ser Cys Val u du Asn Asp Asp Lys
305310315?32319 >3 e Thr Gn Ala Ser Gn Ser G@n Gu Ser Gu Asp Tyr Ser

Gn Pro 3"2%‘3%@??35
<212> PRT

<213> Homo sapiens

<400> 2
Met Cys Asn Thr Asn Met Ser Val Pro Thr Asp Gly Ala Val Thr Thr
1 5 10 15
Ser Gln Ile Pro Ala Ser Glu Gln Glu Thr Leu Val Arg Pro Lys Pro
20 25 30
Leu Leu Leu Lys Leu Leu Lys Ser Val Gly Ala GIn Lys Asp Thr Tyr
35 40 45
Thr Met Lys Glu Val Leu Phe Tyr Leu Gly Gln Tyr Ile Met Thr Lys
50 55 60
Arg Leu Tyr Asp Glu Lys Gln Gln His Ile Val Tyr Cys Ser Asn Asp
65 70 75 80
Leu Leu Gly Asp Leu Phe Gly Val Pro Ser Phe Ser Val Lys Glu His
85 90 95
Arg Lys Tle Tyr Thr Met Ile Tyr Arg Asn Leu Val Val Val Asn Gln
100 105 110
Gln Glu Ser Ser Asp Ser Gly Thr Ser Val Ser Glu Asn Arg Cys His
115 120 125
Leu Glu Gly Gly Ser Asp Gln Lys Asp Leu Val Gln Glu Leu Gln Glu
130 135 140
Glu Lys Pro Ser Ser Ser His Leu Val Ser Arg Pro Ser Thr Ser Ser
145 150 155 160
Arg Arg Arg Ala Ile Ser Glu Thr Glu Glu Asn Ser Asp Glu Leu Ser
165 170 175
Gly Glu Arg Gln Arg Lys Arg His Lys Ser Asp Ser Ile Ser Leu Ser
180 185 190
Phe Asp Glu Ser Leu Ala Leu Cys Val Ile Arg Glu Ile Cys Cys Glu
195 200 205
Arg Ser Ser Ser Ser Glu Ser Thr Gly Thr Pro Ser Asn Pro Asp Leu
210 215 220
Asp Ala Gly Val Ser Glu His Ser Gly Asp Trp Leu Asp Gln Asp Ser
225 230 235 240
Val Ser Asp Gln Phe Ser Val Glu Phe Glu Val Glu Ser Leu Asp Ser
245 250 255
Glu Asp Tyr Ser Leu Ser Glu Glu Gly Gln Glu Leu Ser Asp Glu Asp
260 265 270



Ser Thr Ser Ser Ser Ile Ile Tyr Ser Ser Gn Gu Asp Val Lys Qu

340345350 Phe Qu Arg Qu GQu Thr Gn Asp Lys Au Gu Ser Val Qu Ser
Ser 355360365 Leu Pro Leu Asn Ala Ile Qu Pro Cys Val Ile Cys Gn Ay
Arg Pro 370375380 Lys Asn Ay Cys Ile Val H's Ay Lys Thr Gy H's Leu
Met Al a Cys 385390395400 Phe Thr Cys A a Lys Lys Leu Lys Lys Arg Asn
Lys Pro Cys Pro Val 405410415 Cys Arg Gn Pro lle Gn Met Ile Val Leu

Thr Ty PG Evda04 290 1\, £ G0 rzie D213 Homo
sapi ens gagc agggt ctgcc ﬁ;gcgccggcc ggcctcaadca gttcctgggt

goaget accg, Pﬁ&@ﬁ\?@ 5g B @hqgﬁﬁ‘%@ﬁ[%g@rﬁhgggaaaa at ggggggct

ggaacacgta, ccat ¢Ca Caat ggag dggagaaga ttctal gga
t gcacaac aat c ctcactgtg acagcccttc
gccacaag ¢ %gﬁﬁ”-‘?‘ a}aﬂpgéogg?gléﬁé%é %’cagca gggaccat ag
ct ct cagt ga g gaa gtcgaggctt tgaagaaaag
t gcggact Q g ’é%f‘agBP “5’6‘6 sHely éccca aggagttcca
ctt cagacac 480 aaacg t gt gt ct ﬁg}cat gagg aaaagt ggag ccat gaagaa
agggggt atAspd4e Gly &ile He a’gGhlaTt)tStPel@édaLg'g bt peutar TheGlict ctct tcctttctca
tgttttgget 60640t ggggctIHy gceat ct 38&4it t ggaaagcga ctgagcacac cctctgecag
cacct act g"alaﬁi@GhEGQPHle@spl\ﬁalﬂ@Aﬁﬁw&Lmys@it&e%Mnsapi ens <400> 6
Met Ser Ser 35 Leu Vab0d u Pr@6Pro Pro Pro Leu His Asn Asn Asn

151015 AshspAen AQy SluFar (GisWVahSiu GLWAGE AspSesp LauldTie Gho Pro Ala Gy
Leu 202530370 375 380

('PGJ

Ala Ser Gln Ser Gln Glu Ser Glu Asp Tyr Ser Gln Pro Ser Thr Ser
385 390 395 400
Ser Ser lle Ile Tyr Ser Ser Gin Glu Asp Val Lys Glu Phe Glu Arg
405 410 415
Glu Glu Thr Gln Asp Lys Glu Glu Ser Val Glu Ser Ser Leu Pro Leu
420 425 430
Asn Ala Ile Glu Pro Cys Val lle Cys Gln Gly Arg Pro Lys Asn Gly
435 440 445
Cys Ile Val His Gly Lys Thr Gly His Leu Met Ala Cys Phe Thr Cys
450 455 460
Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro Val Cys Arg Gln
465 470 475 480
Pro Ile Gln Met Ile Val Leu Thr Tyr Phe Pro
485 490

<210>3

<211> 1292

<212> DNA

<213> Artificial Sequence

<220>
<223> Engineered mutant of human MDM2 gene with A899C substitution

<400> 3

atgactaaac gattatatga tgagaagcaa caacatattg tatattgttc aaatgatctt 60
ctaggagatt tgtttggegt gecaagettc tetgtgaaag ageacaggaa aatatatace 120
atgatctaca ggaacttggt agtagtcaat cagcaggaat catcggactc aggtacatct 180
gtgagtgapga acaggtgtca ccttgaaggt gggagtgate aaaaggacct tgtacaagag 240
cttcaggaag agaaaccttc atcttcacat ttggtticta gaccatctac ctcatctaga 300
aggagagcaa ttagtgagac agaagaaaat tcagatgaat tatctggtga acgacaaaga 360



Asn Ser Ser Tip Val Qu Leu Pro Met Asn Ser Ser Asn Ay Asn Asp
354045 Asn Gy Asn Ay Lys Asn Gy Gy Leu Au H's Val Pro Ser Ser
Ser 505560 Ser Ile H's Asn Gy Asp Met Qu Lys Ile Leu Leu Asp Al a
Gn H's 65707580 Gu Ser Gy Gn Ser Ser Ser Arg Gy Ser Ser H's Cys
Asp Ser Pro 859095 Ser Pro A n Qu Asp Ay Gn Ile Met Phe Asp Val
Gu Met His Thr 100105110 Ser Arg Asp His Ser Ser Gn Ser Au Qu Gu

Val Val Qaﬁc@cyca@a%tgibﬂa@lﬁﬁa&ﬁ téoftSaabd ahal¥@ioddtttglata 4B Lys Lys Ser Al a

Asp Tip Vahagetd ttgltlr ) t H8Eagh A Jebfcdatughsn Ile Pro Pro
Lys GI u P %ag éa%gg gg: g§aclaﬁ§ a S y éé & C%OSer Val Ser Leu
gﬁéﬁ%ﬁ X&t o Gy Ile Phe Ser

a
Ser
Ala d Ié;i EIE%HE? yat Ja aT;Eat %@rala oPhe Leu Ser H's
Val Leu Al ag gu y % eg Z%% s Arg Leu Ser
Thr Pro ACTST tca lgpl gzgg a%atﬁ%
ggaaa gcacttcatg caatgaaatg aatcccecec ticcatcaca gcaacaga

tgttgggccc ticgtgagaa ttggctteet gaagataaag ggaaagataa aggggaaatc 840

tctgagaaag ccaaactgga aaactcaaca caagctgaag agggcetttga tgtgecgget 900

tgtaaaaaac tatagtgaat gattccagag agtcatgtgt tgaggaaaat gatgataaaa 960

ttacacaagc ttcacaatca caagaaagtg aagactattc tcagccatca acttctagta 1020

gcattattta tagcagccaa gaagatgtga aagagtttga aagggaagaa acccaagaca 1080

aagaagagag tgtggaatct agtitgeecc ttaatgecat tgaaccttgt gtgatttgte 1140

aaggtcgacc taaaaatggt tgeattgtee atggcaaaac aggacatett atggectget 1200

ttacatgtge aaagaagcta aagaaaagga ataagecctg cccagtatgt agacaaccaa 1260

ttcaaatgat tgtgctaact tatttccect ag 1292

<210> 4

<211> 430

<212>PRT

<213> Artificial Sequence

<220>

<223> Engineered mutant of human MDM2 protein with Asp300ATa
substitution

<400> 4
Met Thr Lys Arg Leu Tyr Asp Glu Lys Gln Gln His Ile Val Tyr Cys
1 5 10 15
Ser Asn Asp Leu Leu Gly Asp Leu Phe Gly Val Pro Ser Phe Ser Val
20 25 30
Lys Glu His Arg Lys Ile Tyr Thr Met Ile Tyr Arg Asn Leu Val Val
35 40 45
Val Asn Gln GIn Glu Ser Ser Asp Ser Gly Thr Ser Val Ser Glu Asn
50 55 60
Arg Cys His Leu Glu Gly Gly Ser Asp Gln Lys Asp Leu Val Gln Glu
65 70 75 80
Leu Gln Glu Glu Lys Pro Ser Ser Ser His Leu Val Ser Arg Pro Ser
85 90 95
Thr Ser Ser Arg Arg Arg Ala Ile Ser Glu Thr Glu Glu Asn Ser Asp
100 105 110
Glu Leu Ser Gly Glu Arg Gln Arg Lys Arg His Lys Ser Asp Ser Ile
115 120 125
Ser Leu Ser Phe Asp Glu Ser Leu Ala Leu Cys Val Ile Arg Glu Ile



<212> DNA <213> Honp sapi ens <400> 7 atgcaggcgg agcgaggagc teggggaggc
cgt gggcggc ggccaggccg cggccggect 60 ggcggagat c gccacagcga gcggcccgga
gccgcagcgg cggtagccag aggeggeggc 120 ggaggcggcg gcggggacgg aggcggacgce
cggggecgtg gecgtggeecg gggettccge 180 ggcgetcgeg gaggccgagg aggaggagge
gccccgcgag gcagccgccg ggagccggga 240 ggctggggcg caggggccag cgcgecggtt
gaagat gaca gcgat gcaga gacct atgga 300 gaagagaatg at gaacaggg aaattattct
aaaagaaaga |gp gt ct ct agsct gggat ggp 360 t at caagat a tt gaaaaaga ggt caat aat

gaaagt 99agy:a8laa6 208 $e99932F 8gatu 4L Th GRAY PRFs&OGht agct ¢ tgcaggggac
tcattcthg_agttccg ¢ tgctgaggag 480 ﬁ@agaatggg at agt gaagc ttcttgtcca

aaacagaalyiy, 6ag§ah Wl Algégg%@} g chphLpastisaagocet toaagagotg
b

cctctctgee tc g3&d c a cgt gctgcc gaac agg gtiacagt tcctttagag
gttcctca t agggat gcagttaaag
gggcccttgg 5% bgaﬁ%” 3@%8&%% Cﬁ?kﬁ%@ﬁgggéga§ﬁﬁctgt ggct gct ggc
t gccct gt t a gcge cttcaaggga ttctcagaaa
cccacttc é%@ g%@igs (§3§¥¥g€%§%1%%ﬁ%§ctaga tctgttgett
aat tt agat ctataaa 900 aacatcttac cagatcagac gtctcaggac
ctgaaatc dﬁ@ @ éggﬂygkﬁvéé@IUéHEﬁdaaé@aﬁﬁbﬁhtgtgc aaaaccat ct
gtgactgaag2 aaaaacét ggaacct4fg 1020 caaccaagta cctccaaaaa

t gt t accgdyr jandhdsmyBerPhg&idn Giit AsyBecilgdltSyr LosAladspt cct aal089 <210>8
<211> 36228212> PRI3(<213> H3¥D sapi erfd0<400> 8 Met G n Ala Gu Arg
Ay A a AyyTo LyCGlys My S& CyAAen SigMer AsiPry ProLeUBro/8ey Gy Arg Pro Gy
Asp Arg His28er GQu Asg Pro A2s5Ala Ala 202530 Ala Ala Val Al a
Gy @iy @ nsihyg Gy T MlaBey Ak G143 ByL&d Mo@&%g Ay Arg Arg
Arg Ay AngoGy Argssly Phe My Ay Ala Arg G 560 Ay Arg Ay

dy @yx ﬁyPAgb @ YG1§€He S%E gilMysqﬂdé L%rstleﬁ?@{u @3{07580 Gy Tip
Ala d sa Ser Ser Asp Ala 859095 Gu

LSS Tyr @m ngﬁﬁihf@ % s?y\?algré{Aﬁdz@yﬁTHY}ys[%gpr ys Arg 100105110

IIe ys Gu Va

5P
11512012%%6;4{56 Asn I};sp St 1§rg GIG 9/61?% VSF{}Iu%lr{'l }énqi\sp PYsp-II-_,yrs Asp Phe Ser Val

Leu 1301 310 315 320
Ile Thr Gln Ala Ser GIn Ser GIn Glu Ser Glu Asp Tyr Ser Gln Pro
325 330 335
Ser Thr Ser Ser Ser Ile Ile Tyr Ser Ser Gln Glu Asp Val Lys Glu
340 345 350
Phe Glu Arg Glu Glu Thr Gln Asp Lys Glu Glu Ser Val Glu Ser Ser
355 360 365
Leu Pro Leu Asn Ala Ile Glu Pro Cys Val Ile Cys Gln Gly Arg Pro
370 375 380
Lys Asn Gly Cys Ile Val His Gly Lys Thr Gly His Leu Met Ala Cys
385 390 395 400
Phe Thr Cys Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro Val
405 410 415
Cys Arg Gln Pro Ile Gin Met Ile Val Leu Thr Tyr Phe Pro
420 425 430

QOOZO
Sxx<ax

—

<210>5

<211> 660

<212> DNA

<213> Homo sapiens

<400> 5
atgtcgtcce acctagfcga geecgeegecg cecctgeaca acaacaacaa caactgegag 60



Lou Ser Ser Ala Ay Asp Ser Phe Ser G n Phe Arg Phe Ala Gu Qu
145150155160 Lys Gu Tip Asp Ser Qu Ala Ser Cys Pro Lys G n Asn Ser

Al a
Leu
ady
Asp
Pro
Al a
Pro
dy
Al a
Adn
Au
du
Leu

Phe
Pro
Thr
Asp
Ay
Ay
Ser
Asp
Pro
Asp L
Au
Pro
Au

165170175 Tyr Val Asp Ser GQu Leu Leu Val Arg Ala Leu Gn Qu
Lou 180185190 Cys Leu Arg Lougsn Val Ala Ala Gu Leu Val Gn
Val Pro 195200205 Leu G u Val Pro Gn Val Lys Pro Lys Arg Thr
Gy Lys dy 210215220 Leu Gy Met Gn Lou Lys Gy Pro Lou Gy
Cﬁaﬁaa‘%@@c%ﬁétc@’c@ c2otoda2 b4 add tcPlaget@orgdianc LYE Ser Val Al a

QtSaabhRa YedatdoRhh febidatih/aat aéda?aggggg@t Asdachsts Do Ser Pro dy
A,rcgtcééa Eat 2k aki¥Sa aegt%%éaa el Zcmacam@o Leu Gn Ser Ala

a%tc% Hd ¢ d-ég ag -' ou Asn Leu Asp
«'yt Qac c%ig%g atd3 fsp Gn Thl’GSer
320 G n u
\%a]ac aa?g %a a a ca cCace aa :‘ 25330335 Met
tL ST G u 340345350

a{ﬁ t cl_%gtc gag%élfla 8$atgaagaa agggggta t

ttctccgcag aatttctgaa ggtgttcatt ccatctctct tectttctea tgttttgget 600
ftggggctag gcatctatat tggaaagega ctgageacac cetetgeeag cacctactga 660

<210=>6

<211>219
<212>PRT

<213> Homo sapiens

<400> 6
Met Ser Ser His Leu Val Glu Pro Pro Pro Pro Leu His Asn Asn Asn
1 5 10 15
Asn Asn Cys Glu Glu Asn Glu Gln Ser Leu Pro Pro Pro Ala Gly Leu
20 25 30
Asn Ser Ser Trp Val Glu Leu Pro Met Asn Ser Ser Asn Gly Asn Asp
35 40 45
Asn Gly Asn Gly Lys Asn Gly Gly Leu Glu His Val Pro Ser Ser Ser
50 55 60
Ser Ile His Asn Gly Asp Met Glu Lys Ile Leu Leu Asp Ala Gln His
65 70 75 80
Glu Ser Gly Gln Ser Ser Ser Arg Gly Ser Ser His Cys Asp Ser Pro
85 90 95
Ser Pro Gln Glu Asp Gly Gln Ile Met Phe Asp Val Glu Met His Thr
100 105 110
Ser Arg Asp His Ser Ser Gln Ser Glu Glu Glu Val Val Glu Gly Glu
115 120 125
Lys Glu Val Glu Ala Leu Lys Lys Ser Ala Asp Trp Val Ser Asp Trp
130 135 140
Ser Ser Arg Pro Glu Asn Ile Pro Pro Lys Glu Phe His Phe Arg His
145 150 155 : 160

Pro Lys Arg Ser Val Ser Leu Ser Met Arg Lys Ser Gly Ala Met Lys
165 170 175
Lys Gly Gly Ile Phe Ser Ala Glu Phe Leu Lys Val Phe Ile Pro Ser
180 185 190
Leu Phe Leu Ser His Val Leu Ala Leu Gly Leu Gly lle Tyr Ile Gly
195 200 205
Lys Arg Leu Ser Thr Pro Ser Ala Ser Thr Tyr



355360 <210>9 <211> 513 <212> DNA <213> Honp sapi ens <400> 9
at gt ct caga gcaaccggga gctggtggtt gactactct cctacaagct ttcccagaaa 60
ggat acagct ggagtcagtt tagtgatgtg gaagagaaca ggact gaggc cccagaaggg 120
act gaat cgg agat ggagac ccccagtgec atcaatggca acccatcctg gcacctggeca 180
gacagccccg cggtgaat gg agccact ggc cacagcagca gtttggatgc ccgggaggtg 240
atccccat gg cagcagtaaa gcaagcgctg agggaggcag gcgacgagtt tgaactgcgg 300
t accggcggg 2qat t cagt ggscct gacat cc cagctccaca tcaccccagg gacagcatat 360
cagagcnyg aacaggatac ttttgtggaa ctctatggga acaat gcagc agccgagagc 420
cgaaagggcc aggaacgctt caaccgctgg ttcctgacgg gcatgactgt ggccggcgtg 480
gttctgctgggstcactctt cagtcggaaa tgad5l3 <210> 10 <211> 233 <212> PRT
<213> HO”P;ﬁ%Hkﬁ#S <400> 10 Met Ser G n Ser Asn My Qu Leu Val Val
Asp Phe L s yr Lys 151015 Leu Ser G n Lys Ay Tyr Ser Tip Ser
Gn Phe s% A%:‘Q‘/al du Gu 202530 Asn Arg Tor Gu Ala Pro Gu Gy
Thr G u SFPPEHPMEEPEY Thr Pro 354045 Ser Ala Ile Asn Gy Asn Pro
Ser Tip H's Leu Ala Asp Ser Pro Ala 505560 Val Asn Gy Ala Thr Ay
His Ser S#%%dr Leu Asp Ala Arg G u Val 65707580 Ile Pro Met Ala Al a
Val Lys Q@f#rapgeRslastsaaepc@Pagspissc Cigegeesc aras® 99 9secPrec@® U Leu Arg
Tyr Arg AgggsgugalcRheacaenga Asgecteaga Thegc8meg Giglagasag 40049%8d 020

ggaggeggog geggggacgg aggeggacge cggggeeglyg geegtggeeg ggectteege 180

ggegetegeg gaggeegagg aggaggagge geceecgegag geagecgeeg ggageeggea 240

gactgggace cagggoccag cgegecgglt gaagatgaca gegatgeaga gacctatgga 300

gaagagaatg atgaacaggg aaattattct aaaagaaaga ttgtctetaa ctgggatcga 360

tatcaagata ttgaaaaaga ggtcaataat gaaagtggag agtcacagag gegaacagat 420

ttcagtgtec tecttagete tgeaggggac teattctcac agttccggtt tgetgaggag 480

aaagaatggg atagtgaagc ticttgtcca aaacagaatt cageatitta tgtggatagt 540

gagttattgg ttcgagcecct tcaagagetg cetctetgee tecgactcaa cgttgetgee 600

gaactggtcc agggtacagt tcctitagag gifcctcagg tgaaaccaaa gagaactgat 660

gatggcaagg gattagggat gecagttaaag geggeectigg ggectggagg aagggggcee 720

atctttgage tgaaatctgt ggctgetgge tgeeetgtgt tgetgggceaa agacaaceca 780

agccegggte cttcaaggga ttctcagaaa cecacticee cactgeagte agcaggagac 840

catttgoaag aagaactaga tctgttgett aatttagatg cacctataaa agagggagat 900

aacatcttac cagatcagac gictcaggac ctgaaatcca aggaagatgg ggaggtggte 960

caagaggaag aagtttgtgc aaaaccatct gtgactgaag aaaaaaacat ggaacctgag 1020

caaccaagta cctccaaaaa tgttaccgag gaagagetgg aagactggtt ggacageatg 1080

atttcctaa 1089

<210> 8

<211>362

<212> PRT

<213> Homo sapiens

<400> 8
Met GIn Ala Glu Arg Gly Ala Arg Gly Gly Arg Gly Arg Arg Pro Gly
1 5 10 15
Arg Gly Arg Pro Gly Gly Asp Arg His Ser Glu Arg Pro Gly Ala Ala
20 25 30
Ala Ala Val Ala Arg Gly Gly Gly Gly Gly Gly Gly Gly Asp Gly Gly
35 40 45
Gly Arg Arg Gly Arg Gly Arg Gly Arg Gly Phe Arg Gly Ala Arg Gly
50 55 60
Gly Arg Gly Gly Gly Gly Ala Pro Arg Gly Ser Arg Arg Glu Pro Gly
65 70 75 80
Gly Trp Gly Ala Gly Ala Ser Ala Pro Val Glu Asp Asp Ser Asp Ala



Hi s

Ile Thr Pro Gy Thr Ala Tyr An Ser Phe u G n Val Val Asn

115120125 G u Leu Phe Arg Asp Ay Val Asn Tip Ay Arg Ile Val Al a Phe

Phe
Met
Tyr
Tip
Ser
Met
Lys

130135140 Ser Phe Ay Ay Ala Leu Cys Val Qu Ser Val Asp Lys Gu
A n 145150155160 Val Leu Val Ser Mg Ile Ala Ala Tip Met Ala TM

Leu Asn Asp 165170175 His Leu Qu Pro Tiplle @n Gu Asn Ay Ay
Asp Thr Phe Val 180185190 G u Leu Tyr Gy Asn Asn Ala Ala Ala G u
Arg Lys d ygﬁ n Adu §§52002059Arg Phe Asn My Tip Phe Leu Thr Gy

Thr ?(‘S{ﬁl GMA sn AP HRZAA GLeNsh By SdrLySaig Leu Phe Ser Arg
225230 1q0521 578)5<212> Difyy <213> Honp sapi ens <400> 11

al 9gcgcany, G1.09gagaRs, Jga&l%af 376995 98% L 995ERYGAA gt acat ccat 60

tataagct gt cgeagagggy 1§

agt gat gccgcgg ggcctgecget cagccecggtg 120

o @ ecaonigr i ees oo 1

e o e e PN

gt ggacaac tcgccct gat ga tac aacc ¢ cacct cacctggatc 420
caggat aaclgy ié@@ e&%]@el}lﬁtsﬁk‘gyﬁgpa{aéﬂ@@% §syeectla gcggectctg 480
tttgatttct cctgé@

at caccct ghyrgfad dep §@1t,<ﬁ1uga—'gd@aé~éﬁé@rg

tc tctidlagact ct ctcagtt t%gcc g gggagcttgc 540
B

mi@s Lep Prphae 190 <212> PRT

<213> Hono sapi®éns 185 190

Cys Leu Arg Leu Asn Val Ala Ala Glu Leu Val Gln Gly Thr Val Pro
195 200 205

Leu Glu Val Pro Gln Val Lys Pro Lys Arg Thr Asp Asp Gly Lys Gly

210 215 220

Leu Gly Met Gln Leu Lys Gly Pro Leu Gly Pro Gly Gly Arg Gly Pro

225 230 235 240

Tle Phe Glu Leu Lys Ser Val Ala Ala Gly Cys Pro Val Leu Leu Gly

245 250 255
Lys Asp Asn Pro Ser Pro Gly Pro Ser Arg Asp Ser Gln Lys Pro Thr
260 265 270

Ser Pro Leu Gln Ser Ala Gly Asp His Leu Glu Glu Glu Leu Asp Leu
275 280 285

Leu Leu Asn Leu Asp Ala Pro Ile Lys Glu Gly Asp Asn Ile Leu Pro

290 295 300

Asp Gln Thr Ser Gln Asp Leu Lys Ser Lys Glu Asp Gly Glu Val Val

305 310 315 320

Gln Glu Glu Glu Val Cys Ala Lys Pro Ser Val Thr Glu Glu Lys Asn

325 330 335
Met Glu Pro Glu Gln Pro Ser Thr Ser Lys Asn Val Thr Glu Glu Glu
340 345 350

Leu Glu Asp Trp Leu Asp Ser Met lle Ser

355 360

<210>9

<211> 513
<212>DNA

<213> Homo sapiens

<400>9

atgtctcaga gecaaccggga gotggtggtt gactttctet cotacaaget tteccagaaa 60
ggatacagct ggagtcagtt tagtgatgtg gaagagaaca ggactgaggce cccagaaggg 120
actgaatcgg agatggagac ccecagtgec atcaatggea acccateetg geacctggea 180



<400> 12 Met Ala Hs Ala Ay Arg Thr Ay Tyr Asp Asn Arg Qu Ile Val
Met 151015 Lys Tyr Ile His Tyr Lys Leu Ser G n Arg Ay Tyr Gu Tip
Ala 202530 Ala Ay Pro Ala Leu Ser Pro Val Pro Pro Val Val His
Leu 354045 Arg Gn Ala Ay As Asp Phe Ser Arg Arg Tyr Arg My

Asp
Leu
Asp
Al a
Ay
Val
Asp
Hi s
Leu
Leu
I'le

Tbr
Phe
Arg
Val

Met
Asn
Thr
Tyr
Ser
Tin

Al a 505560 G u Met Ser Ser Leu H s Leu Thr

Pro Phe Thr

dy My 65707580 Phe Ala Thr VaI Val du GI u Leu Phe Arg Asp

eb& tégé%ftld@av Big e Gy Ay

0 g@ggfﬁ 8@ 10 Qéca Pr 0 Leu VaI
E@a
Ca oc n Arg His Leu
a a t X a Phe vVal Qu
5 alfgi\g)ﬁf § Phe Ser Tip

K aa gﬁa"‘\i’%fft ?_aé‘ HeglgroReLopietr | dy Ala Cys
e Cé"t‘?‘;"z?a&:‘eﬂ&a@etﬁa H s Lys 1801 90 11 <210> 13

<210> 10
<211>233

<212>PRT

<213> Homo sapiens
<400> 10

Met Ser Gln Ser Asn Arg Glu Leu Val Val Asp Phe Leu Ser Tyr Lys

1 5 10 15
Leu Ser Gln Lys Gly Tyr Ser Trp Ser Gln Phe Ser Asp Val Glu Glu

20 25 30
Asn Arg Thr Glu Ala Pro Glu Gly Thr Glu Ser Glu Met Glu Thr Pro
35 40 45

Ser Ala Ile Asn Gly Asn Pro Ser Trp His Leu Ala Asp Ser Pro Ala
50 55 60
Val Asn Gly Ala Thr Gly His Ser Ser Ser Leu Asp Ala Arg Glu Val
65 70 75 80
Ile Pro Met Ala Ala Val Lys Gln Ala Leu Arg Glu Ala Gly Asp Glu
85 920 95
Phe Glu Leu Arg Tyr Arg Arg Ala Phe Ser Asp Leu Thr Ser Gln Leu
100 105 110
His lle Thr Pro Gly Thr Ala Tyr Gln Ser Phe Glu Gln Val Val Asn
115 120 125
Glu Leu Phe Arg Asp Gly Val Asn Trp Gly Arg Ile Val Ala Phe Phe
130 135 140
Ser Phe Gly Gly Ala Leu Cys Val Glu Ser Val Asp Lys Glu Met Gln
145 150 155 160
Val Leu Val Ser Arg Ile Ala Ala Trp Met Ala Thr Tyr Leu Asn Asp
165 170 175
His Leu Glu Pro Trp Ile GIn Glu Asn Gly Gly Trp Asp Thr Phe Val
180 185 190
Glu Leu Tyr Gly Asn Asn Ala Ala Ala Glu Ser Arg Lys Gly Gln Glu
195 200 205
Arg Phe Asn Arg Trp Phe Leu Thr Gly Met Thr Val Ala Gly Val Val
210 215 220
Leu Leu Gly Ser Leu Phe Ser Arg Lys
225 230

<210>11



<211> 1356 <212> DNA <213> Honp sapi ens <400> 13 atgactttta

acagttttga aggatctaaa
t agaagagtt taatagatta
cat caacact ggcacgagca
ttagttgtca tgcagctgta
ggaaagt at ¢ cccaaattgc
agt ct acaaa ftj-Gyggt at ¢
gagat cat ttrbggeihagac
ggcaggt t gtr AIGH A

aagct agatt aaagtccttt
t agcaagt g¢ db qqctctac

acttgtgtac
aaaacttttg
gggtttcttt
gat agat ggc
agatttatca
cagaat ggt c
aggccatctg

Pﬁngacaccatat

cagaact ggc
t acacaggt a

ct gcagacat
ctaattttcc
at actggt ga
aat at ggaga
acggctttta
agt acaaagt
agacacat gc
acccgaggaa
cagact at gc
tt ggt gacca

caat aaggaa
aagt ggt agt
aggagat acc
ct cagcagtt
t ctt gaaaat
t gaaaact at
agactatctt
ccctgccatg
t cacct aacc
agtgcagtgc

60 gaagaatttg

120
180
240
300
360
420
480
540
600

cctgttteaqg
gt geggt gct
ggaagacaca
agt gccacgc
ct gggaagca
tt gagaactg
t at agt gaag
ccaagagagt
ttttgttgtg

aacc 0 aggcgacact
%é%% tctgat gct g

tgagttctg tag gta%gg,gc %ﬁagcac&&@:ﬁc&t@ Cg 0 tccatggcag
at t at gaadtCAtgERIceRteas CriFEacaRiE BeEATRACHr & CaYPT85d 5840 aaggagcage
t t gcaagagtB BHYaE FEFEHEGCRETA @aca@@@acg&{t%cw%a&%jﬁg% 0 tttcactgtg
gaggagggciiiseraeshigetegeptasgctieiigigceasgies acieege g s galteaes’%060 gct aaat ggt
at ccagggt itrtitgesbicaste et catatpieis degisegiefyrrcassgaatatencascimdl 1020
aat at t cat gtggasaash tegctysigEatgeigamigedtgnact geraeciggearacttagaig®’lgaaaacacca
1080 t cactagpatiag gaggasyeh (Eectigiy gractgtacg ttaccagmatadcggatdg 483 aca
agaagct at mgdiftdicpgaatogogaigaticagtdapt agcogagaitargeaddat aat gg
aggaaaaaadtcdccagaiiataitctlg@beagggageaact at aaat cgdt tgaggttctg
gttgcagatc tagtgaatgc tcagaaagac 1260 agtatgccag at gagtcaag
t cagactt capfptapagaaag agattagtac tgaagagcag 1320 ctaaggcgcc
tgcaagagggnggqggttatc gattgal356 <210> 14 <211> 451 <212> PRT <213>
Hono sapi s ¢440> 14 Met Thr Phe Asn Ser Phe Au Ay Ser Lys Thr Cys
Val Pro AL n#ﬁ%g%g Il'e Asn Lys Gu Qu du Phe Val Gu du Phe
Asn Arg Leu Lys 5530 Phe Ala Asn Phe Pro Ser @y Ser Pro Val
Ser Ala S LeuAIa354045l\/gAIaGly Phe Leu Tyr Tlu- Ay Qu

Ay Asp T 12 Ser Ala Val Asp Arg
Trp Gn a)ﬁgg;.l)qéé'r Egﬁpi A@%?HA %‘S’(?—ﬁgaArg Lys Val Ser
Pro Asn s Ar he IIe 95 T u Asn Ser Al a
/@ﬁT%FYS@%P Sqrﬁlw%gh %@J‘fé%a?év é% Gn Tyr Lys Val
Asp Wi s Phe Ala 115120125

Thr G n
A u Asn TX Le?tﬁ) Ay Ser?>Arg
la Gly Pro Ala Leu Ser Pro Val Pro Pro Val Val His Leu Thr Leu

35 40 45
Arg Gln Ala Gly Asp Asp Phe Ser Arg Arg Tyr Arg Arg Asp Phe Ala
50 55 60
Glu Met Ser Ser Gln Leu His Leu Thr Pro Phe Thr Ala Arg Gly Arg
65 70 75 80
Phe Ala Thr Val Val Glu Glu Leu Phe Arg Asp Gly Val Asn Trp Gly
85 90 95
Arg Ile Val Ala Phe Phe Glu Phe Gly Gly Val Met Cys Val Glu Ser
100 105 110
Val Asn Arg Glu Met Ser Pro Leu Val Asp Asn Ile Ala Leu Trp Met
115 120 125
Thr Glu Tyr Leu Asn Arg His Leu His Thr Trp lle Gln Asp Asn Gly
130 135 140
Gly Trp Asp Ala Phe Val Glu Leu Tyr Gly Pro Ser Met Arg Pro Leu
145 150 155 160
Phe Asp Phe Ser Trp Leu Ser Leu Lys Thr Leu Leu Ser Leu Ala Leu
165 170 175
Val Gly Ala Cys Ile Thr Leu Gly Ala Tyr Leu Ser His Lys
180 185 190

v tC " aaaaéﬁg%g% RS t&gg aaga a%%% 66



Leu Asp Arg Pro Ser Qu
130135140 G n Val Val Asp Ile Ser Asp Thr Ile Tyr Pro Arg Asn Pro Al a
GQu Au Ala Arg Leu Lys Ser Phe A n Asn Tip
Tyr 165170175 Ala H's Leu Thr;Pro Arg Gu Leu Ala Ser Ala Gy
Tyr Thr 180185190 Ay Ile Ay Asp Gn Val Gn Cys Phe Cys Cys
Lys Lea Lys 195200205 Asn Tip Gu Pro Cys Asp Arg Ala Trp Ser
210215220 Pro Asn Cys Phe Phe Val Leu Ay Arg

Met 145150155160 Tyr

Pro
Leu
Ay
Au
Asn
Arg
Al a
Ser
Ay
Thr
Lys
Au

Asp
Tyr
Ay
Hi s
Leu
Asn
Asp
Val
Au
Asp
Tip
Tyr

Arg Arg H s Phe
Asn Ile Arg Ser
PhgoPrie Asn Ser

Ty 1816l a Arg
u dn

2N
i M

Tyr. Pro G
|%<r90iég As% |Q|IZ

Ser

Thr

du
Thr
Ile
Leu
Lys
Au
Lys
Hi s

Hs Ala Asp Tyr Leu Leu Arg Thr Gy

225230235240 Ser Asp Ala Val Ser Ser Asp
Asn Leu 245250255 Pro Arg Asn Pro Ser Met
Phe Thr Phe 260265270 Ay Thr Tip Ile Tyr
Ala Arg Ala Ay 275280285 Phe Tyr Ala Leu
Cys Phe His Cys Ay 290295300 Ay Ay Leu
Asp Pro Tip Gu A@n H's 305310315320 Al a
Tyr Leu Leu Gu Gn Lys Ay A n 325330335
Leu Thr H's Ser Leu Qu Qu Cys Leu

atgactttta acagttitga aggatctaaa acttgtgtac ctgcagacat caataaggaa 60
gaagaatttg tagaagagtt taatagatta aaaacttttg ctaattttcc aagtggtagt 120
cctgtttcag catcaacact ggcacgagea gggtttctit atactggtga aggagatace 180
gtgeggtect ttagttgtea tgeagetgta gatagatgge aatatggaga ctcageagtt 240
ggaagacaca ggaaagtatc cccaaattge agatttatca acggctttta tcttgaaaat 300
agtgccacge agtctacaaa ttctggtatc cagaatggtc agtacaaagt tgaaaactat 360
ctgggaagca gagatcattt tgecttagac aggecatetg agacacatge agactatett 420
ttgagaactg ggcaggttgt agatatatca gacaccatat acccgaggaa cectgecatg 480
tatagtgaag aagctagatt aaagtccttt cagaactgge cagactatge tcacctaace 540
ccaagagagt tagcaagtge tggactctac tacacaggta ttggtgacca agtgeagtge 600
tittgtigte gtggaaaact gaaaaatigg gaaccttgtg atcgtgectg gtcagaacac 660
aggcgacact ttcctaattg cttctttgtt ttgggccgga atcttaatat tcgaagtgaa 720
tetgatgetg tgagttetga taggaatttc ccaaattcaa caaatettce aagaaateca 780
tccatggeag attatgaage acggatcttt acttttggga catggatata ctcagttaac 840
aaggagcagc ttgcaagagce tggattttat getttaggte aaggtgataa agtaaagtge 900

tttcactgtg gaggagggct aactgattgg aageccagtg aagacccttg ggaacaacat 960
gctaaatggt atccagggtg caaatatctg ttagaacaga agggacaaga atatataaac 1020
aatattcatt taactcattc acttgaggag tgtctggtaa gaactactga gaaaacacca 1080
tcactaacta gaagaattga tgataccatc ttccaaaatc ctatggtaca agaagctata 1140
cgaatggggt tcagtttcaa ggacattaag aaaataatgg aggaaaaaat tcagatatet 1200
gggageaact ataaatcact tgaggtictg gttgeagate tagtgaatge tcagaaagac 1260
agtatgccag atgagtcaag tcagacttca ttacagaaag agattagtac tgaagagcag 1320
ctaaggegec tgcaagagga gaagcettate gattga 1356

<210> 14

<211> 451
<212>PRT

<213> Homo sapiens

<400> 14
Met Thr Phe Asn Ser Phe Glu Gly Ser Lys Thr Cys Val Pro Ala Asp
1 5 10 15
Ile Asn Lys Glu Glu Glu Phe Val Glu Glu Phe Asn Arg Leu Lys Thr
20 25 30
Phe Ala Asn Phe Pro Ser Gly Ser Pro Val Ser Ala Ser Thr Leu Ala
35 40 45
Arg Ala Gly Phe Leu Tyr Thr Gly Glu Gly Asp Thr Val Arg Cys Phe
50 55 60



340345350 Val Arg Thr Thr GQu Lys Thr Pro Ser Leu Thr Arg Arg Ile Asp
Asp 355360365 Thr Ile Phe A n Asn Pro Met Val Adn Qu Ala Ile Arg Met
Ay Phe 370375380 Ser Phe Lys Asp Ile Lys Lys Ile Met Qu Qu Lys Ile
G@n Ile Ser 385390395400 Ay Ser Asn ]'%r Lys Ser Leu GQu Val Leu Val
Al a Asp Leu Val Asn 405410415 Ala A n Lys Asp Ser Met Pro Asp G u Ser
Ser Gn Thr Ser Leu Gn 13 420425430 Lys GQu Ile Ser Thr Au AQu Gn
Leu Arg At dyeHi{hn AaaGAdp LYS THISHAGS 4y iep Skt RlaAsd 450 <210> 15
<211> 45 212> DNAg<213> Homp sapi ergg <400> 15 gct gaagagg gctttgat gt
gccggcett %lym‘iﬁ?@&é Byd Q9L B4 Pro Asn Cys Arg Phe Ile Asn Gly Phe
85 90 95
Tyr Leu Glu Asn Ser Ala Thr GIn Ser Thr Asn Ser Gly Ile Gln Asn
100 105 110
Gly Gln Tyr Lys Val Glu Asn Tyr Leu Gly Ser Arg Asp His Phe Ala
115 120 125
Leu Asp Arg Pro Ser Glu Thr His Ala Asp Tyr Leu Leu Arg Thr Gly
130 135 140
Gln Val Val Asp Ile Ser Asp Thr Ile Tyr Pro Arg Asn Pro Ala Met
145 150 155 160
Tyr Ser Glu Glu Ala Arg Leu Lys Ser Phe GIn Asn Trp Pro Asp Tyr
165 170 175
Ala His Leu Thr Pro Arg Glu Leu Ala Ser Ala Gly Leu Tyr Tyr Thr
180 185 190
Gly Ile Gly Asp Gln Val Gln Cys Phe Cys Cys Gly Gly Lys Leu Lys
195 200 205
Asn Trp Glu Pro Cys Asp Arg Ala Trp Ser Glu His Arg Arg His Phe
210 215 220
Pro Asn Cys Phe Phe Val Leu Gly Arg Asn Leu Asn Ile Arg Ser Glu
225 230 235 240
Ser Asp Ala Val Ser Ser Asp Arg Asn Phe Pro Asn Ser Thr Asn Leu
245 250 255
Pro Arg Asn Pro Ser Met Ala Asp Tyr Glu Ala Arg Ile Phe Thr Phe
260 265 270
Gly Thr Trp Ile Tyr Ser Val Asn Lys Glu Gln Leu Ala Arg Ala Gly
275 280 285
Phe Tyr Ala Leu Gly Glu Gly Asp Lys Val Lys Cys Phe His Cys Gly
290 295 300
Gly Gly Leu Thr Asp Trp Lys Pro Ser Glu Asp Pro Trp Glu Gln His
305 310 315 320

Ala Lys Trp Tyr Pro Gly Cys Lys Tyr Leu Leu Glu GIn Lys Gly Gln
325 330 335

Glu Tyr Ile Asn Asn Ile His Leu Thr His Ser Leu Glu Glu Cys Leu

340 345 350
Val Arg Thr Thr Glu Lys Thr Pro Ser Leu Thr Arg Arg Ile Asp Asp
355 360 365
Thr Ile Phe Gln Asn Pro Met Val Gln Glu Ala lle Arg Met Gly Phe
370 375 380

Ser Phe Lys Asp Ile Lys Lys Ile Met Glu Glu Lys Ile Gln Ile Ser

385 390 395 400

Gly Ser Asn Tyr Lys Ser Leu Glu Val Leu Val Ala Asp Leu Val Asn
405 410 415

Ala Gln Lys Asp Ser Met Pro Asp Glu Ser Ser Gln Thr Ser Leu Gln



13

420 425 430
Lys Glu Ile Ser Thr Glu Glu Gln Leu Arg Arg Leu Gln Glu Glu Lys
435 440 445
Leu Ile Asp
450

<210> 15

<211>45

<212> DNA

<213> Homo sapiens

<400> 15
gctgaagagg gotttgatgt gceggcttgt aaaaaaacta tagtg 45



