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WD 2004/ 018506 PCT/ EP2003/ 009291 GENE EXPRESSI ON
SYSTEM BACKGROUND OF THE I NVENTION 5 Field of the

wo nyvenisson The present invention relates to  PCT/EP2003/009291

conpositions and nmethods for the production of
pol ypepti des and/or untransl ated RNA nol ecul es in host
cells. The invention provides nucleic acid nol ecul es,
expressi on syst engeNEIStPRELS®ON RESTENs and kits that
are useful for the production of polypeptides and/or
untransl ated RNA 10 nol ecul es. Related Art Process
devel opnent for biopharmaceuticals is influenced by
product quality and econony of the manufacturing
process. The econonm ¢ production of 15 reconbi nant
proteins in manmalian cells is dependent on the
sel ection of the producing cell lines. The cl assica
approach is the use of stable expression systens.
These systens are based on chronosomal integration of
an expression plasmd into the genone of the host
cell. An alternative to stable expression systens is
transi ent geneBA(GKE@ROUND OFCFHEZRVENITPMNe, transi ent
gene expression in, e.g., mammalian cells, at reactor
l g i becom ng increasingly inportant for the
F%%@Pﬁ*fﬁ%ﬁﬂ@??on of reconbingn¥ p?gteins. Large scal e
appl i cations of transient expression systens for
r ecoffhe passtntineingon relpeo tucinmsitivay endeethode fwrtheproduction

Si , HEK 293 and cel | Bl ase t . .
of Gyl beries wdimamgy s O Agnalseiiey gt e ol of Hie invention
piRAds rfutled a6ANAbIRENes, 2predSlodt &ysters, WHsMeANd nBRAWRI hd kits

1999, Curr Opin Biotechn 10, 15%-159; Mei ssner et al.
tiR00are uBifidt deththearmodictiemgo! Polypeptides Znd/os3)untranslated RNA
rr%J\IFLRMATI ON COPY WD 2004/ 018506 PCT/ EP2003/ 009291 -2

HHSSent expression can be perfornmed by infection

(using, e.g., viral vectors) or by transfection of

the appropriate vector. Transfection can be perforned
Relatedl AHi t her a non-replicating or a replicating DNA

vector or with a virus derived RNA vector. 5 A

vari ehyee0f dMefdpteke f VicphhRhacRiiRaBSRiiRMuenBedbPPRuct quality
eukaryotic cell's have been

and economy of the manufacturing process. The economic production of

recombinant proteins in mammalian cells is dependent on the selection of the

producing cell lines. The classical approach is the use of stable expression systems.

These systems are based on chromosomal integration of an expression plasmid into

the genome of the host cell.

An alternative to stable expression systems is transient gene expression. For
example, transient gene expression in, e.g, mammalian cells, at reactor scale is
becoming increasingly important for the rapid production of recombinant proteins.
Large scale applications of transient expression systems for recombinant protein
production have been reported using COS, HEK 293 and BHK21 cells (Blasey et al.,
1996, Cytotechnology, 18, 138-192; Jordan et al., 1998, Cytotechnology, 26, 39-47,
Wurm and Bernard, 1999, Curr Opin Biotechn 10, 156-159; Meissner et al., 2001,

Biotechn and Bioeng, 75, 2, 197-203).
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devel oped by using reconbi nant DNA technol ogy and
i ntroduci ng genes of interest into virus genones. The

WO pootioadsowi ruses used in vector devel opment wePeT/BRAN03/009291

viruses such as Adeno-associ ated viruses or Poxviruses
as well as RNA viruses replicating through DNA
i nternedi ates such as Retro¥iruses. 10 Epi sonal
replicating vectors provide certain advantages over
classical expression systens. Some DNA viruses, such
as Adeftient Baésslontan be PeHy@iEt by infiH8S (\&ing, 812 viral vectors)
Her pesviruses, do not normally integrate into the host |
ogyotransfastion of ah¢ jappropriatsi wesinal TjansEesioment brorsstormed with
i th ¥ 0 St B : | j
el B gy, £ sBhagO oA SR BE il £ vir B TR RN
ve¢tans- acting factors and 15 the host cell replication
machi nery. Episomal replicating vectors derived from
thesé vmeﬁngﬁwgewem o eéeﬁ%%?rhmahls%ﬁugw%w% hgyf, been
ByPashe RREmYinaAl DRIACIRhIbIoEy Shd inBBdudifid bRk YF interest
d%{r)%(t)%%dn.}g@agnpl es of such 1niti % or plrnot elilr?glé gre I aruglggres
iMoavitusggenoimes. $hd GnitiaEvifEgesf wyed BBV yecdord d&RiMpnient overe DNA

EBV. SoHe h/gét factorsdar.e abl e to .recogni ze Vimﬁ .
VIRRSi TSN RS AAGIOrBIPTHRT AESTSnPY PREUSSH 25 il 8% VIruses
réflicafXARORh MNR Ittt Sarh hoRrswhiskx at t ached

region fromthe human interferon-beta c?ene) is able

t o médpiromiah repkcatipg sweri0rs r BiSIVideaceiinin ordvantages grver classical
cont.ai nin \/ O N : |4 catien. . t
AL oo fif Th¥h oilsel b 387 ABor Parkflfip! Tolyoma.,
Hepadghn] Z0HbpeSafusess Ialo nebit mgragec ixftciegrat&‘ iintl thy -hesic gdethe, but
proteins. For exanple, SV4Q .or. pol yoma Vvirus I is
rerlcawAPsemally (paragaromogpmaliein thsxuciens of g hog c_e%? such as in a
R L i Block S PRERIANE o it BT s and
the besticel] rephidatjomambchindrgi Bpisémalapplicting oactorRISrived from these
el ement) s recognized by ORE (origin recognitiopn.
VBSOSl SPTEI f 6P ICERTLORE And 20 136h i FrISi™ s a0
iBti®or pYSein3Bx4hples bPSudOHMRorSprorith PDarge MOARiRh for SV40,
Epstein-Barr virus EBV (165 kb) is 30 maintained in
R1rB2 foatBdhi,lapd EBNstlddr EBVML s as a large circul ar

Zp IC IS ?})egtet Y}%ﬁ?aigtfg;&ﬁ%% :g g §§ {Eer?o‘gxgllz?s H%ﬁgo%%égrﬁngfg?p%g{.i% gndd i%iate
réSiRbiiGRF R exathplel Mimar2BAMARE(sOAffdlMenaviix attadhe@tregios from the

the Epstein-Barr viral nuclear antigen 1 WO
hpgwa/inedswe-teETE@PR 5obio tropaintain the gima] yeplicatign of a vector
1A h e f 4.ho ' .
Tl ST BERGE RRSRE B s Gl (o i g o
replahaiibh FARI)ake tlogrdzahty candspaidisgrsmsificNimllgseacdded proteins.
I*’flgllr'I (r]??{%t;nglréh §&4§B%Mm_ })&In??d%fqlésl lORrI] ?g re(::clognairzéd %ly tlgr%gglh agtli]gGen, BPV

(Bovine papilloma virus) ORI is recognized by E1/E2 complex, EBV (Epstein-Barr
virus) ORI is recognized by EBNAI protein, and yeast origin of replication (ARS
element) is recognized by ORE (origin recognition element) replication (Bode et al.,
2001 Gene Ther Mol Biol, v6, 33-46).

The double strand DNA genome of Epstein-Barr virus EBV (165 kb) is
maintained in the latently infected cells as a large circular episome. Amplification of
this episome is mediated by a cis-acting sequence such as the origin of replication

(OriP), and one of the viral proteins, the Epstein-Barr viral nuclear antigen 1
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domain. Cenerally EBNA-1 is involved in plasmd
mai nt enance after conpletion of 5 the synthesis and in

w@b@gmstocegr egati on by dividing cells during PCI/EP2003/009291

proliferation. The OiP region is recognized also

directly by the cellular DNA synthesizing machi nery

and is replicated during thé—cell cycle. Other gene

expressi on systens are based on al phaviruses

(Lundstrom K Curr. Opin. Biotechnol. 8:578-582

(EBBIW[)))I.n aSeinémall sysmm‘aber pre@éncb bé bathm]mi?/(lr &ikb repfor))aml EBNA-
i rus I 0 Sci e

121,§§u§f1<:8g1t %brggf:pl glgg)an gggqnﬁ)&eqf re@mbuﬁrgr;ggsmlds. The exact

ﬁ%&c%ﬁcct}ﬂEBNAlil 1§-%nﬁ2nc(t1§8§) )althéﬂ{ 1(11% bRsf hidMa PNA&binding
Bi o/ Technol ogy 9: 1 61 (1991)) and

dotinor s}e@aai,liy sEBNRA-Ll is énvaived, m\plasamd ggamtma_ncg afergumpletion of

o RS BB S SR S XA bl e
P figidrer @8do gﬁfz@& alsb Hirebyne ftHeDdSBllulﬁr DNRAIIsknthéXzig nﬂa'ahmery
Bi ot echnol . 578-582 (1997 Liljestrom P., Curr.

amhisrepBiatadediming|the @1]49/513500 ' (1994)). Al phaV| ruses are

genort 1o RE EREFRRY Sy HERRERE e R RRES (1 kbon

Qet.| Opid BAblteHﬁmf &513\!682 I(mPQET))TECSea'Eml (nStmitsews of tHe alphdwrus

Strauss M crobi ol.. Re 58:49]1-562 The
farpl boﬁtgeptsuldhﬁ't VHPHH&9E <65 ot czewe&%%m%%m (1989);

n s I t
SSE%$1§§§J92 (ﬂ%%&e%{ JJi 1?—228??2226852§E%%§%§&YP &'Garoff,

H.1 889 9chnolBgn del 3hdi3 61 s(é%lr)hland rmpheny €Pevis,sNHave atedérology

RNA. r epl ' .
et gY D4 gl oA e henineon SR B R R T Bifbesee
eSpredsior §ectofs 3P &) varieBDoDbUYeYSf LR618ins AY.andreoh, dey @ju?rp Obin.

for both Sindbis virus (Herweijer, H et al.

Bietnehmhed 578582452970 Lil{esadm) :P..DGHen SR3n Howichagh £5495-500
(1] 9 rol. 70:508- 519 (1996)) and SFV (Berglund, P. et
? "Trends Bi otechnol. 14:130-134 (1996)).

Eukarplphdvirusgsoamt gositiae esttantiéd dRINA virsdshedichy eepliza®  their
upstream fromthe al phavirus _replicase

geegiAsi BNAn gntgelyt Wethe gutoniesm of thic infpdded .s?glbta@qi WVigoneg DNA
Iﬂtgﬁﬁe"cﬁé’t% éswéﬁﬂb ch aﬁ&’ SHafsst FANGAALAE! 38y ORe49r- 5?2’@1 94)). The
C ved.

yproterns whi are then proteolytically c
cmpt sthatr alphavirises ¢ant be Ri¥velapeth hshampmsanim veahdrs was first

SUUILEPIATE JOe, PUELSUR 200 LATHRES I
S%%?:"‘(hgﬂségéraf)%fn%egﬁ% %98%@ ﬁlle rL%Q'dfCtﬁééeoﬁN%f rdpli€ons as

al phavirus RNA nol ecul e as during nornal replication
egpressien vectors more practical (Lundstrom, K., Curr. Opin. Biotechnol. 8:578-582

(1997)).

DNA vectors have been developed for both Sindbis virus (Herweijer, H. et
al., Hum. Gene Ther. 6:1495-1501 (1995); Dubensky, T.W. et al, J. Virol. 70:508-
519 (1996)) and SFV (Berglund, P. et al, Trends Biotechnol. 14:130-134 (1996)).
Eukaryotic promoters are introduced in these vectors upstream from the alphavirus
replicase gene (consisting of the four non-structural protein genes (nsP1-4)), which
are translated as one or two polyproteins which are then proteolytically cleaved.
DNA is transcribed into RNA from the recombinant eukaryotic promoter in the

nucleus and transported to the cytoplasm, where the replicase catalyzes the
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al phavirus RNA nol ecul e (Strauss, J. and Strauss, E.,
M crobiol. Rev. 58:491-562 (1994)). Only transient

wexprossion of heterol ogous sequences has beenP@EDEB00S/@9291

until recently due to the cytopathogenicity of the
al phavirus replicase (Lundstrom K., 5 Curr. Opin.
Bi ot echnol . 8:578-582 (1997%-. Anpong the features

whi ch nake Al phavirus vectors attractive as transient
expression systens are the easy construction of

répliRgtiard of th @EphavirisARNA @Rl uleL¥PIdREEE Aol FdplidatANdE the
a high | evel of expression, a w de host rar]gze of the
alphpyigus RiNénipolasulectStrapssi dnandndtrasspmbs iMdarabétl) Byv. 58:491-562
uct i . hi gh-ti f i ' . .
(B ShORaRlell SSRGS, Ly del LR BSc i
rédantlRidde natthk eymopathbgenidggnofivtheaalghavims rreplidasa(Lwmristrom, K.,

entirely in th t_cell t opl asm wi t hout goi ng
Cuti _Blﬁménﬁﬁgg?s?ea%&lg%ﬁx( Schl esinger S., 2000,

Exp. Ag?dﬂé*vth@' Rhture5N&hich nlake2AlphdvirdsddoctorsHr&eivE 38 fransient
S., Adv. Virus res., vb5, 565-577; Garoff, H and K J.
ekpressi®O8yst@us rare tidpiqasy Boostarchon| of, pRsmib4longg; a rapid gene

exufesgpy ONRiAE aapih Tihir Spisichl, 3 S8 Wogt tpps pB e virus
(1BhR\5 Gsebl a¥lan GRIRRmeHallanecelSEMrolictionr 66 highititded (st6dKks of

expression systemwith the Epstein-Barr Virus

EB

infoefioampersiciesand dew sk 26 setbianséermatipnidye te herRY 'r@ﬁlrv) gfof the
- . . . t

oEp o B RRERA e O R cPLRorti St b e

Diayslnﬁleﬁnwlﬁiﬁk§ (Sﬁhlwelﬁﬁgerrﬂ.gm@normr aplie Bl ellwer(iln2, 177-191;

Ani mal Ce Technol ogy, . 20 1999, pp331-337), On f

SeRE 0B Sandldh of i fay PR ek G1bRaFk e b Ho g9g%, Curr

@mﬂ feShoRP a0} 63 R Laflsirof R 1©8Y! Ofr! BplBid)OFhol., 8, 578-
ytop?asm aft’er intfoduction into the cuf)tured cefl S

5By, Xioransf ekt 198D, Sajerchi 343 epl88ebl¥]).vBlaaty st alictampmired the

Pioflf b Ly (S Peeslop e vt Be HRERs e imnERY)
s?ﬁéﬂla(E@EPR%dOHEK%gﬁAi EelB) F6reskpradRh SN tdcBhtoRf and

an eukaryotic pronoter or a pronoter, which is )
foundothat beth bystenme aRowt the girpduetioni afefupctiqnad apesmbanang| protein

Proc, tl. Acad. Sci.., USA 95' 12989-..12994 ;

g ooredSIE vedden RPhuaRs SR GAZ A I ogloe
1p9R 83 ng37het er ol ogous proteins. Such RNA virus
vectors have been devel oped from_ 30 Al phaviruses

(wi t Pnseithe yariasts efralplerirgimgctoms it fhearplicoantyhigbys copable of
PSR S MO OIS P, P, R
tiRfsFEERAO DB {HIO BPpliton, -varal structural protein genes have been replaced by a
gene of .interest (GOI). Such a replicon can be introduced into cells as RNA or cDNA
if placed under the control of an eukaryotic promoter or a promoter, which is
recognized by the host cell machinery. (Agapov et al., Proc. Natl. Acad. Sci. USA
95:12989-12994 (1998)).

RNA viruses have been engineered into chimeric viruses producing
heterologous proteins. Such RNA virus vectors have been developed from
Alphaviruses (with positive strand genome), Influenza and VSV (with negative

strand genome). One of the major advantages of these viruses is their RNA-only
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replication strategy perfornmed entirely in the cel
cytoplasmand elimnating the risk of genone

WO pdoegIsabé on. Adeno-, Adeno- associ at ed and Ret POWEP2083/009291

vectors can be used as gene therapy vectors and/or as
expression vectors, especially for large-scale protein

5 production. Herpesvirus deri vative vectors

containing a replication origin have been used for

bi oreactor protein production after transient
réplieasdresttatepy metfoamsdibtablyendled éell dytopasmaand elgimting the risk
replication jnitiation gene. (Durocher et al., Nucleic
OAgeNPEeRBteLTatio 2) : E9 (2002): Mei ssner et al .

Bi ot Gpe! - ARIBERGocidR] Zhd 1RdirARRs (P& ) canl Be isee 5& gene

experinments, 293E cells (293 hunan enbryo ki dney cells

thexqnyesedtoy Eporeian ckpreBsion wertons espedially fantargeneale protein
i ded. ca

PROENET TP LR perlAtET 3RUSH sORsta e E8or Prgi gy been

uSéd fBir Nbisrkadt@Pprotedh ipfiluctiéd hfter trdfRfeal trafisfeRdasof a suitable cell

(encodi ng secreted, intracellular or transnenbrane

lipe seElying) aiepkcation riaitiaion j agag- y(Ié‘%S?llf‘és@dalov%[f‘dﬁ’cpé?’% dftes.

3%260r t goo@b%adﬁ%fgmyvmezgeyg%m %%é% a'7§r@)999-@% 001). In

Ivery
thise ekperithdntss ZDBE loelly (296 Siﬁmanh:mbmc ﬂndi&y oeltb exyatssorgsEpstein-

b EBV -, Ad - .

BBt 160° R RAee0s 1 Jaa8 A Do HBrer uieds BEG: pbride < fepbigation
in ] 1 T 1

il o TS S0P B Bt i o

Reaorter gdﬂes (dm:ndm;g @8(ele)d idr@ellulangr Sransmembrage Doteins) were
Eg%g f 2% 842§d30) EBV epi sones are
CRBRTERE yp‘f"é’?i‘??‘ﬁ’so‘feﬁatpe‘é YAV P nai nt ai ned t hr ough

mul t iRbeidGRlordhieSdlNBeen tepirtedB i@ ts Gend Beli kystems or
(J. EEJbYat es, N  Warren, algc{j B. Suggen%@1985 ‘Q%thure

fereedn ¥irgy b)ologmeswh isugh wqmté@at@@s petvsen 5V episomes and
)é([Frs-e S?tc’deno- @Ngﬁ DF ﬁet}(p L f{fb‘i\“ﬁ %.‘gesa@e@bs s Mugfaaﬁ] 1999,
9 P org ni She, €s" SI T ant
mfapgmss73m) 899630 dan OBT. ket Qil ow9andr rrmbv cng73(9w582 9;
i nstance, nethods that allow the intentiona

&t plorl 998, pnersfies elprle3¥ bR Wangay @Pﬁl V&g dMy g%,
z?l)ly %&c@g%st 2 u?W?‘ CebiNo 'a? nﬁ@l@ﬁ%lﬁg}%d ‘that are stably

er at et y TO broad benetit, gene
mmgainadi tlooughembhiptpued divieoes mhir;mal: hodvcdnime ¢edlpi(H ,L Yates, N.

S §588, ML S ot 1 o tere
Opi n. Th@'agflﬁf fH‘;Q‘leelséi @&ﬁfcﬁl}@ dxbBRGbh of 8éhels %ﬁidu%éﬁs&&ﬂ&mmal

woul d ful f t he | owi ng requirements:
oBpemar celis, pr in whle osga@tserm srmbtﬁsdilgmﬁ¢mdpt0fgeer5ém mggy areas of

béctr] d@ﬁ & ndo rlfllgdlfc?n%t RéP 1nstgr?c% ran%{ho&a]ihag aftl ){heb thtéritio elnrg’}éjmpulatlon

of gene expression will facilitate the analysis of genes whose expression cannot be
tolerated constitutively.

To be of broad benefit, gene regulation techniques preferably allow for rapid,
robust, precise and reversible induction of gene activity. As reviewed in Saez, E. ef
al., (Curr. Opin. Biotechnol. 8:608-616 (1997)), an ideal system would fulfill the
following requirements:

1. Specificity -- The system should be indifferent to endogenous factors

and activated only by exogenous stimuli.
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WO 2004/ 018506 PCT/ EP2003/ 009291 -6 2.
Non-interference -- The conponents of the system

waebmalosnot af fect unintended cel |l ul ar pat hwaRGT/EB2003/009291

Inducibility -- In the inactive state, the basa

activity of the system should be mnimal, while in

the active state high | evel$of gene expression should
be 5 rapidly inducible. 4. Bioavailability of the

i nducer -- Inducing stinmuli should rapidly penetrate

to thke si Nendhterfetepcest The colrpuitsng ¢ff thetsystem dhodldchattaffect
stimuli should clear swiftly to allowthe systemto
unintgrded celbdarmathvayshe i nactive state. 10 One common

Syst gm CufgaRIH; tﬁl D HSfe 119c{c it 8tal Eeeg}lﬂé ﬁ&éap'act‘i’kflt()ggf‘ﬁle system

expression is e tet racyc I ne-based system
shoudd Beljnainichal Rvlide inNhe hetivacseade highileveldSK ge@® e5prdFsion should be

é&%}y é‘l‘i h| s systemis based on the continuous

é C-of a fusion protein with the tetracycline
repr@ssor gsRaghtlifyt 8F Rhe RRGNGr coNMgndigg dtibdudi dRould rapidly
activator by fusion to the transcriptional activation

pdustEaitatoghe siteofmEBSHI ot e| n. The tTA 15 syst em | s

usefuyl fo hl e X
been%Succ SY rsﬁ’lﬂityu'é,e u‘f“(lﬁ ﬁﬁlgﬁ ghg ?I on o to aﬁow the

s?iterﬁft@faﬁpﬂdlﬁrﬁ(tﬁﬂhﬁﬁﬁhe iBhctBle. stateQWCOgene 9: 995 (1994)
Friih et al., EMBO J. 13:3236 (1994); Yu et al., J.

Vir o|0nemmmtsnsye@9@}ryem ManBsRfor the fegplatign of gene; qxpression is

TR RGE8FSRE S bl GRS st 5, U
8935995)(19930)% Tais sistem ds biiedlan fﬂeecmuﬁaoma@sesmn of a fusion
Pro

P&é%g Széﬁhj %g %%E%B;qggg%ggt&%{%ﬁl (te %) ,Qg{ng cppYert %glg‘rggn activator
bé/li%%z))l 1o FtHE ttﬁm%np@ibnal E&N&loﬁ\la&lnam%iag}e ‘3?% plr@tém The tTA

1: 9302 (1994 nnli] ausen et al . Bi ochem
s59¢m68 u@ef@g@r,,e &i gdneib ee enaIeXpresm@m andxlhas beenm@a@bssfgﬂy used

e Piciomof § pebss SRR b obr Qe 255 Ghoow:

Fbﬁs@zcblo EMBO T | B3DIEESDMN WESQ! I erolg 70:453001396))aHowever,
vect or s) are _described in WO 99/ 50432 (i ncorporat ed

thse & cerain disedegitagesjassqciaedo ifhy be JA ayteay. e@%haﬂvt et al,
f\%\g’ggc)’tgd%’ﬂv%t o4l . t(?%é)?'}fo‘%wké‘zoéﬁn PBisY t‘@ m. ?314168

Using these sy 'S possi
(P99 Scbloykeit amkuSehaazn Proe Q‘DitlaHEad Fein &/S2ixqi: £5731 (0996)TBOSI et al.,
precise.r gul ation results fromthe

Naerieor eb@ UsBhchuth Pl PRUgeqBBtndert SN 98034199
Hénnfhaudn @Rl G8€): BIYAER. 3D4¥3@MI)CRi&Rer ef al, Proc. Natl.

Acad. Sci. USA 93:10933 (1996); Hoffmann et al., Nucleic Acids Res. 25:1078
(1997)).

Inducible expression systems based on viral expression vectors (e.g.,
aphaviral vectors) are described in WO 99/50432 (incorporated herein by reference
in its entirety). An exemplary alphaviral vector is pCytTs (also known as CytTs; cf.
WO 99/50432). Using these systems, it is possible to precisely induce and regulate
gene expression. This precise regulation results from the use of a temperature-
sensitive RNA-dependent RNA polymerase (i.e., a replicase), which only replicates
RNA molecules, to form new RNA molecules, at permissive temperatures (Boorsma

et al. Nature Biotech. 18:429-432 (2001)). Due to the extremely tight regulation of
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RNA nol ecul es, to form new RNA nol ecul es, at
perm ssive tenperatures (Boorsma et al. Nature

wEBR@uUecssoe 18: 429- 432 (2001)). Due to the extrer&l/¥P2003/009291

tight regulation of WD 2004/018506 PCT/ EP2003/ 009291

-7 these systens it is possible to obtain regul ated

gene expression even under -donditi ons of transient
transfection allow ng the production of toxic proteins
under these conditions. Another exanple of an
tiads® gﬁ‘(érﬁﬁit iEpaREIBRYb OBtautRbalated LeAeSXpred3R@ dvBn ubder conditions
Lundstromet al., FEBS Lett 504:99-103 (20012
of irsienb irangfsetian allewingpthg| produetiosr af deipi RjRteins; gpder these

&ghg j Forest virus (SFV) vectors capabl e of

cting nunerous mamalian cell lines and prinmary
cel | Anokhenr esample sof tahngl;ihavﬂ'dlgbxﬂness‘ahs wettort fsansgpeibed in

LR 20 thad BASOREH AN, (D04 by eleR qesaibe a rapidly
gkh&araé §HQ1tag s@ﬁhkylfwes@n%su QSFVP n@ctcﬁ‘@%ﬁﬁlﬁgsof $f¥ecting

Adapt at I the SFV technol ogy f manmal | an
nsuspex siammalidn astldineh asd atimaneckll Qlﬂ@qusr m@wla@mg oM h@h levels of

hundr eds of r econhi nant tor

RTEEDE CAPIROHO 0 SEP ORISR O 8o RGN Pkl has been
charaéikrisd Wy Ofpecifice dighfd-bindthgd Nictiwity OAn@f furvaon@! irédponses.
cells in culture have al so- been successfulléWnglled

Adgptatipn of ithenBEV ttechnglgan dormpmaraliap fuspengipy &4 as allowed
tlgé gl%%ﬁ a!)f ghﬂcﬁ&ﬁ ofar?ulYi?lLa}nsaéf 1169% ob\}\e[lgtét' &c%pqgleﬁ)tr pul'l%catlon

nee exrIsts I n
afid Ngo@stutd] ostediad) dThHee tdme SFvhatockl dobwions heedrfodtiet infectivh of

pol ypeptid and untransl te RNA nol ecyl es.  BR
negRlien GRISTE SR %ﬁ%ﬂ p?r“é%eéﬁffclﬂy CarBHER ol efficien

O eRpreQ fn' b1 ﬁ LhRt adhbiPYs e dent
prggzlflnct?%n peg}{pl?ge nd/“or Sunt r%\nsl at ed RKFA‘“ rocen
bnphecul es. Nbre speC|f|caIIy, the invention provides

| i d ol ecul es, t
e o B8R gt HowenBl TorerdimRoctnas BRe dfhqds dhajrallow
tIROPORERIGIE Do RPEtRIEs i htfimkRiARRAUnsBd#GUl es. Al so

provi ded are nethods for making ' the nucleic acid

nol ecul es, expression 25 systens and host cells of the
i nvention. The invention further provides nethods for
produci ng pol ypepti des and/ or untransl ated RNA

mol ecul es. ThSRIBE SHNMARY £ THEIWVENTIKIN s t hat
conprise the nucleic acid nol ecul es, expression

o158 R OGP TRLTR, DR s o o
ppsduetice sf polypeptides and/onmiramlateddRNAOmolecules. More specifically,
the invention provides nucleic acid molecules, expression systems, recombinant host
cells that permit the production of polypeptides and/or untranslated RNA molecules.
Also provided are methods for making the nucleic acid molecules, expression
systems and host cells of the invention. The invention further provides methods for
producing polypeptides and/or untranslated RNA molecules. The invention also
provides kits that comprise the nucleic acid molecules, expression systems and/or
recombinant host cells of the invention.

In certain embodiments, the invention provides compositions and methods for

regulated, expression of polypeptides or untranslated RNA molecules in recombinant
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30 regul ated, expression of polypeptides or
untransl at ed RNA nol ecul es in reconbi nant WO
-8 host cel | s, PCT/EP2003/009291
preferably by way of transfection. The present

i nvention al so provides nucleic acid nolecul es and

met hods which allow, e.g., 8apid and high | evel
production of specific RNA nol ecul es produced in,

e.g., transiently transfected, reconbinant host

h6&! defls, Prefiey BiyNgay Of G@AdfattIdHNATME Présed ifveftion also é)rovides
invention, novel, preferably inducible, potent an
nnelpicdacis pmelpshlen ands methodar whish ogllaved egoniaridiang bigh level
or, Nobre ny | [ I | es. cl.ej G:.agi
RGBT o8 Bt So88  AoREE Biiioed . PUT ErSieRE framgfected
révbi@niRésiéelisned at, or accunulated to, nultiple

copies in the nuclei of reconbinant host cells

pr ef écapidingoto T pEReEisyoft tha 8y etiioad P hRTGTAblE dpducible,

o P e RS, ) o R DAY e
aoid| molecelss.i nThhauclgicopdid smoletuleheft thansdesssied sysieins of the

.and .subsequent, translation aof the polypeptide o .
P AIUPh oR DPBEAGUAE Gcemirist o Elnircindhe pucte of
r&bEERt Bbstt Bls! PHEERbI9NoffrensRatly| @allstdcted afimHliah Qklls. In

transient transfection. The present invention further
certainy iedbodimeants RN A seld repdicaten axy dead toethh egenmulatiophelcs high
al | ow i cj bl e rapi Welg) hO
ofiphR bt ROASRSIeEy 58 e IR blflof oo PH BT P hubscqen

trahdlasdnedt thy pblypasiceaifesterese qashuclient acibsivlectles and bxpression
certain_ enbodinments, RNA self-replication |s,.
syfeneeibe ynviepte s partisHarly usefyblos drapgient trapgfssfinat ur e
shi f t We! ' e ' t.aj
crbod eyt i EnirofBboRHFPRUEKEAARY iRkl dlincihods
whésipaltew dmdercibde sdipid ued RIA- ldeq grdduttioRNA spedificrlRNs endlécules
i.e.,.a replicase) whjch onl epl i cates RNA .
PlRSIEELB SPTEGTH RN REr e TR o) efydn certin
ch®OBRIAURRA MIF8QYBhtion Is PRFEMBE: iddMGibATRMAL trRberei by a
or polypeéeptide can be tightly regulated by the Use of
tenpezatpesr shifir Fhesntdi thighe pRMActiep deneds tin Rigtainp einhedimgnts, are

This facilitate in particul ar ducti on
ogfioichoy Wi R o GReRaki: Sehsfivs JRNRAEREhGh Hna polymerase
(AN FepHEAsEPwhith only RpEEAGIRINAaEFIREles ohBrMMeSERINA molecules
i nvention provides for a nucleic acid nolecule

atperprissiverigmpaptusest Moseovsh|il Aesiedohe @moantepfd Aiipehypeptide
. | I i
SFRRESER SRR BEALEpr 35 B L R
pblyfisdrasen Thisefatilithess & paticelas prpdiicsion @f @réwihsihhibftery or toxic
reading frane, said first open reading frane having a
PAlYPE QEREFYSRSGIE: encodi ng an RNA- dependent RNA

pol Yt b &éfreral aspect, the present invention provides for a nucleic acid molecule
comprising (A) a first polynucleotide element which encodes an RNA molecule, said
RNA molecule comprising (a) at least one cis-acting sequence element; (b) a first
nucleotide sequence comprising a first open reading frame, said first open reading
frame having a nucleotide sequence encoding an RNA-dependent RNA polymerase;
and (c) at least one second nucleotide sequence selected from the group consisting of
(1) a second open reading frame encoding a polypeptide; (ii) a nucleotide sequence

complementary to all or part of the second open reading frame of (i); and (iii) a
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30 and (c) at |east one second nucl eoti de sequence
sel ected fromthe group consisting of (i) a second

wop@a/oissasli ng frane encodi ng a pol ypepti de; (i PQT/8P2003/009291

nucl eoti de sequence conplenentary to all or part of
the second open reading frame of (i); and (iii) a WO
2004/ 018506 PCT/ EP2003/0092¢t -9 nucl eoti de sequence
encodi ng an untransl ated RNA nol ecul e or conpl enent
thereof; wherein said second nucl eoti de sequence is
naplestids s¢qhiénok enlcddingarpuraransleted RIN A moleculer @aogiplaseht thereof;
sai d RNA- dependent RNA pol ynerase;  ( second DNA . .
vaesst spid seaw&rwrwgd%\ﬁe%@@ i O@Fra%vp@ﬂt% foGhPrompier(yich is
hizEd bg%-dekﬁmeaé RAGRANG Rlyinéiaf i(BRhi @Bond DNA element
r?ﬁ% ?ati nafactor égpable oflﬁgéggn[zﬁng thel%rigin Qfen
comptisingtaronrigifihof replivatiom; emid @Y RothirdnDNAatelapnent sancoding a

PR o oR SRt nh obrecp e Be i S Bniod R Rien. Thus. e
répl a8 &F Bt Fatbe pRIdrably @8deekizey BleYorigi OfRplisdtitg lefing to
origin of replication. In certain enbodi nents, the

replisatierp ef dbh sequmd prdysuelsotide apd seeong DNA gdgsoent,grespectively,

| C - t RNA polynerase. In other.
Céﬁ%%%?%@% %ﬁ$$hg§£ﬁ§?ﬁ§épendent RNA pol ynerase is,
e. 9. In dertnpmbadiuientss trRN AviepédentRNANstd hefabiAis, e.g., a non-
c%ggegggags%ﬁeﬁe' %Q@@tpﬁfﬂ%pﬁg"g%%gefngg@% rtl,glbodiments, the RNA-
- t Qi ral ur es bibd. : S
R el e TR ARG Ren: RNA
potynsaraseonin yet abert embodimbuntd, te RNA-depBndentrRNA gpodyrberase is,

ronoter which is capable of initiati { scription
i AL ytEpatd ppaate st BN st Rl Sh
of t hgeRMA1GR! 868! Rolceilss At tHRY IBRAHGICH QkRAMNEMbodiments,
and a subgenom c pronoter 5 to the gene of interest,

campriet & S'gvomotses sNhéehcie cafablenfanisigting iiseriptian in vivo, 5' and/or 3'

I . . f -
APPSR Gl  ngR S holBI (AP R

an@RlsuB@hbMic SoaIdtE 5atoethe gérdd ofdsterebly agiwel aeh eéquehye Alnterest
regul at abl e, RNA- dependent RNA pol ynerase whi ch may be
vénelisdrnsiatablecondy afier onrIAmest RNY-denendentiRINA repligaiacn gxpnts.

A DL t b f nt
THRA TR el 0% DURAER' Moot o Rt B oy dyeferebly
regylatelsis) RN Asgepteadant BNIA pebtyinmrassywhiehsnayobe tinedped bgdhd same
invention thys allow for .| arge-scal e transient
o proRsculsn i g \x%?%}lceéebyr H%fs TRy SEtt?%ﬁhgf‘ vector or by a
Reb¥peRRNIES R Nating the need of isolating stably
transfornmed hi gh producing cell clones. The preferred

enbodiheententing nhdeigtpid meletwlehi ckpricksiary sysfems dnd weetor systems
o&ﬁﬁ%%&%sgxgﬁq{ng%/ﬁg{ﬁ tgﬂ%%]ﬁg\%cfo?llﬁe-ssge{lé ?r%lnselelgto{rar}slfeection and very

rapid production of polypeptides eliminating the need of isolating stably transformed

high producing cell clones. The preferred embodiment and hereby the inducibility of
the vector makes the invention especially suitable for the production of cytotoxic
polypeptides, e.g., polypeptides that are detrimental to the viability of a host cell.

In a preferred embodiment of the present invention, the origin of replication
and the replication initiation factor are derived from a DNA virus. For example, the
origin of replication may be derived from a herpes virus and the replication initiation

factor may be the Epstein-Barr virus nuclear antigen 1 (EBNAI). However,
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pol ypepti des, e.g., polypeptides that are detrinental
to the viability of a host cell. In a preferred

weniedissent of the present invention, the ori gpPer/BP2003/009291

replication 30 and the replication initiation factor
are derived froma DNA virus, For exanple, the origin

of replication may be derivée-froma herpes virus and
the replication initiation factor nmay be the
Epstein-Barr virus nuclear antigen 1 (EBNAI). However,
¥l cafiow {rixifAof GadP6ss My 20034 R Zbin othéOvireseb bc B¢ teltular factors,
initiation factors may al so derive from.ot her_viruses
whichy @rg gppabley of frseq&%ng QRHiCEPEMFS Viraln QHBWS #f replication. As

1ﬁ<ﬁ€89&” ALY fgrrthcrre‘éﬁ’ig &Erfé Vi gl }@\'fdAQEﬁbcnd@ﬁt RAPAIfoRihéike is

I idi cat e In a furt er enbodi ment
tﬂhperdmptemmve Rfui\tqmnpeyatmmgulaed tequumvdyuPlef@ddg; the \RNA-

e TelBiragt RGBT R o gphieEp Sy

pref erabl ¥ prrﬁ*eﬁ&mémmhm%t Oth8 - prd3HS inveRtich BFRARE£Hybrid
enbodi ment, the present |nvent|on provi des a hybrid

veelor and aietoy exstom coyshieing dberbivantages o6 ERN msag@& reglication
h
ngl eepa %.?r[{g €S c?fpi{N%a{llrl?s ICRWF#H)I‘J C?C%Y%Eg ?é?(t?()n &F@ %lace

virus Te atlon wher'e I cation

cffitely &l thei dytdphent w}@aoiy & 1 hybriid vé@tmewoﬁldrbebdhaﬁhcteefzw by the
woul d be char acterl zed the 10 mai ntenance
aintEngIce of gpilidrle sppiBnAaf @fﬁﬁ e &bpgﬂmql%cmed@phcatwn typically

ty I
p%%ﬁ{lgc \i@fton! YRMGREA yb}{ *hI@S engtLEB nC 3 @1- lefng{h cﬁ’éﬁg\:npts

ccumul ati on transcripts
contatrangithreg vtrhllerapﬂlceti Thgsk i drah . fullHemth \lralnsdnp‘tsu late- tlengfunther
transcr rethe further exponentja lifie
xPOTRBAL] o aeh By DenEronesr R ek raliaf esine; . the
REGHIEHIGH ORNAS viFRe MidoH$ aﬁaeﬁlo’te%) B R, H’h@%ﬁt&n is extremely

synthesis. The systemis extrenely 15 val uab

vgh@bl@chropmdﬁcttqu ot tpuicypdppaptides iif theh RNRAAVIvESY m@phcatlon is
l:lq?ot on,i 1 controllable or inducible. In a

ngé% eorelpr%lbc frent, the invention includes the

combinad ispecifé eanbddﬁh&ﬁS\ﬂher Ghpvelition -ih€lpddsC eie d(ﬁthbmamorﬁ of a
the cis-acting_replication OI‘I%I n OiP (Oigin
C

Hespesviras mom-replieonginit ée cthg cippcting gpplication ﬁgggveﬁél’ (Origin of

S, a
rBIRAHGH 7) M tist TRSEINCRY ach) YIS NS (Bpstein-Barr
\fcuiug hiuclear egtigeat Bda répdicpiomtriggering cfammt)l eitlaltheh éightlyakregulated
Xpressi on syste Qyt TS, as discl os
tqu@e%w uesﬁe @5\4@5 pqxgg‘féﬁe% systery P‘gvérﬁd agpiifelosed g WO
9JoPdo49sBIasik aNE re\;&f&w’f O afBEBNAL Dt i‘ﬁ%é&’&ﬁ'do}éel vector is

Fext rachr onoso in the formof several DNA copies
maintatried epesbinah)a ¢¢>machr'6rmsenmﬂy)tm phefidirofcsperat Dy cbpies in

A SESLHRE L T L  opic Ty B SRy S e
typically a CMV or RSV promoter, into CytTS RNA-replicons, but they remain
inactive unless cells are being shifted to a certain temperature. Only after temperature
induction replicon replication takes place, followed by RNA accumulation and
translation in the cell cytoplasm and production of the polypeptide of interest.

In a further general aspect, the present invention provides a vector system
comprising one or more nucleic acid molecules, wherein said one or more nucleic
acid molecules comprise (A) a first polynucleotide which encodes an RNA molecule,

said RNA molecule comprising (a) at least one cis-acting sequence element; (b) a
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i nactive unless cells are being shifted to a certain
tenperature. Only after tenperature induction

WO e@Hiotssne r epl i cation takes place, foll owed byPEMNAP2003/009291

accunul ation and translation in the cell cytoplasm

and production of the polypeptide of interest. In a
further general aspect, the BTesent i nvention provides

a vector system 30 conprising one or nore nucleic

acid nol ecul es, wherein said one or nore nucleic acid
finsil reiclebtide scqpupidessen{piiing o firss bpgotepding | fernid blevingha olocleotide

Rl LR e S B e
n804i 18506 PCdIL&EL RO P BARD cohgigtiﬁg;jéts ti) AU RRALIpER reading

sequence ‘conprising a first open reading frame having
fiameuariceding depolgpaptideic@l) ensaguenng compiRerdapdndéner pagnof the

ol yner ase; ..an c) at.least.qne second nycleotide
sEx0i e *EagBE Pt o S B8 iOLID sBERETSenclir ) bfapstates
ROEA OileQIRE or eBPieR@nt fHetdtE, Whsekl Al echfd HR@Eitiddaequence is

(ii1) a sequence conplenentary to all or part of the 5

opereblydlinkserior & REmieH Whish isfregognized iy paid impnzgytopgthes, RNA-
j n r I .
RSN AR, Gh L oo TR BRSO Fle Qi SRAHL B TRkin of
reetdd; yandi (¥ ed thid polpmareitiede enbodihg iasrepBeavigni ingetiby factor
sai.d non-cytqpat hi c. RNA: dependepnt RNA pql ynerase;.
cap@g*;%ﬁfaéwl@%me@&% TEBHEHIPR] Thysalhe 5?33@?%0%¥mnéﬂoﬁct0r
r&%%*ﬂ_z@?t ﬂh@n;origﬂld_c(fc_)r%ﬁic'éﬁbr{ dicR@hY NS | RBLi¢EABNEHFO N GeBond
replication initiation factor 10 capabl e of
pobmogrodtidengnd lsecond i QNA efemesp| respeeiivaly, dimprisinghéhe origin of
%ﬁpchation initiation factor recognizes the origin
IR i cation leading to replication of the second
pol ynihe! pRbhtdh Fitthes eproNfie PN AR mukipRPREIdrV §fs¥ems for
conprising the origin of replication. The invention
pfeducingra pelypérdids osiungraslated ImQlpgude. Ja i gpglsyeetepsystem,
for. .1 rodugi a ] r r . .
0 gy PP G B SpIPRARERIL ofe Bestht bR T ilfbic acid
nieédils] dnd nhitiple-ptorniycleantthel dirar eecone sadtthiod gohucleotide

same nucleic acid nolecule. In a nultiple-vector
elopanisret PESE 08t Ones ol BIXEE AFRMAtRiNUalefo Py JBPlseilFydn such a

o :
SUFHEPoR L6 bl O PEL AP SEAPLAHECRM) S e
cbetaizt aanerigipr ef eeplivatios oifbersforeppire pefefred admbodanents of the

.vectors 20 contain.an.origin of repli.cation. .. . .
TFBH Ghobe Fer BT MR D Rt SriEh 4t ePTagR psagizing
thd' SegIRRYidC ition BicidrahhPbel 6 HRE sARE ARRIORLER! MoRfule and

repliication recognizing "~ the replication initiation
plasotidyr respactivelyons tihés sherBNe¢mdicaseael @nnoblseparite musdeic acid

“%hgim%%Bgagiﬁgﬁ%§¥§h%ﬂagfdit is the RNA-replicase or

When sequences encoding the first and second open reading frame are

present either on the same nucleic acid molecule or in the same vector (i.e., in a
single-vector system), a region will preferably be present 5' to the second open
reading frame which inhibits translation of this open reading frame.

If a temperature sensitive RNA-dependent RNA polymerase (e.g., a
temperature-sensitive replicase) is included within the compositions and methods of
the invention, the temperature-sensitive replicase may be "cold" or "hot" sensitive

and thus will only efficiently catalyze RNA-dependent RNA replication at
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nol ecul e and plasm d, respectively. 25 Wen sequences
encoding the first and second open reading frane are

w@r@aensoei t her on the same nucl eic aci d nol ecBCEEBRZ003/M9291

the sane vector (i.e., in a single-vector systen), a
region will preferably be present 5 to the second

open reading frame which +hhkibits translation of this
open reading franme. If a tenperature sensitive

RNA- dependent RNA pol ynerase (e.g., a 30

tdRPR AR Uifef AB8Vd bY BeloP ki ASRictive tbMpbrdARE M bid RBreferred
the conpositions and nethods of the invention, the
embngisnent. theceppesitiang and mgthods ebthgagveption gempriseg pr infpkve the

N e U DL
tdPhpdrRBRE BRIV IR T Iwhich Zs 4tQEREFRE 1@ Sreatek fRh tRORPHCHE activity

bel ow the restrictive tenperature. In one preferred
eghibted ateit°C etabovenPosirablynte aeplioass andidity @f tenperatures below
I pyention conprise, oy involye the. use of., an. .
AR LR R s e pstrciuy Ppitef a4-C or above.
e . / ' . , 4
FELLH) B m RO REAER BRI, MRS P LB

08¥ hvbiteddfold gdchter aham by fepliBisef stiahy yexhibied rae [@4i°Casreabove.
activity at tenperatures below 34Cis at |east ten

Teaipgragireaeesitiven N Atrieperslsnt JENA pebmarasgs elorivgpd evithip the
PRIy R Sy, LB SRR R o O B

east
abtivielr @ 34PObglalgsveat er than the replicase activity

exhi bited at 34C or above. . Tenperature-sensjtive

RNA- de gepihenesprtathsorusleis agid sngleculescrad qaipressigntsygenpg of the
. t ] nt .o [ t a [ : i bi
REFIET RRAE SRy T BT, AgFORRE, TS B e,

iigtbrderen, toricgnoteine prodsypemwnyerting entymhegioc othet polppdpeidell es
and expressi on syste of the,  in en&ion encode one or
mor ¢ 18 YELRIHRET PRIk PRI b mOlfEbIcs GRd eRBRGEYPT Systems of

thd iRlehfSP @n?J&XAI{: uRfHsBidd, R HIEUFONEH s NG SRZYAR, RNA
or other polypeptide. 15 In yet another aspect, the

nmledudd, CRNAI moleohle N mmbagulex pr mlsaziyoe. syst ens of  t he

i nvention encode an untransl.ated. RNA nol ecul e. such as
. rieSBHER asS sP e B RRRAC R g Soctypgit Bosf Tell
cHﬁh{p%Mkeimr@&udiﬁé)%Ml@ﬁ:- adilEmbIRVERS i08NthélifRenPibAVinte Sost cells.
nmet hods for maki ng reconbi nant host cells conprisin

! ! . ! g .
Furtheroprovidad arpurscembinaesi hosheslls pupdused by tthe intiegagiiangf nucleic
into st .cells. unth Vi i.na .
o BollSfs % hfinusial thae hEXHRER, 8, LAILFEAINY tese
rédontbingt @64t ®Hs ednthiRenk Y eiiré atcleikcracihMmokitiles thwe odmprise an

R%X—’de;s)gnra%nto rRI\T‘FJ}J\ | po?;mgrgges %nd/or the replication initiation factor. The
replication initiation factor, in certain embodiments, may be stably integrated into the
genome of the one, some or all host cells.

The invention further provides isolated nucleic acid molecules comprising
polynucleotides which comprise the nucleotide sequence of SEQ ID NO:21 (pCytTs-
OriP) and SEQ ID NO:22 (pCytTs-OPE).

The present invention also provides methods for producing polypeptides and

untranslated RNA molecules in recombinant host cells, said methods comprising

introducing a nucleic acid molecule of the invention into a host cell to produce a
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reconbi nant host cells contain one or nore nucleic

acid nol ecul es that conprise an RNA-dependent RNA
w@oelogoessace and/ or the replication initiation PEEPR20V3/009291

The replication initiation factor, in certain

enbodi nents, may be stably integrated into the 25

genone of the one, some or—8+H host cells. The

i nvention further provides isolated nucleic acid

nol ecul es conprising polynucl eotides which conpri se

rédoenbinaat dosti ckdl, sexjuanaeingf thSEexdnbihint ZHos( pell t ukrler QondiYions

nd SEQ | D NGO 22 Yyt Ts-OPE). Th i ti
SIS B oRARIS o B8, FOBYPeRasH O PREMSEh&NA qedlealy The
t | . i P . h )
ngbg?cfag 6@21% dm&eg%dgg@lagghﬁ&%} oniphisé GEQRBEAGNGid Eﬁltgpeptlde or

, nprising 1ntroducing a eic
vatardlatel RNAl moletulehe i nvention into a host cell to

produce, a, WO 2004/ 0185 PCT/ EP2003/ 009291 . -13 .

" ecoMAREi T Hfgw_ﬁ?g gw&gérﬁreraﬁl% of Rediolessiy PRhymeptides,
pRashblgelthe ul%gﬁl@te@lorbsipltelsgm o5 Uet@BlogohsO pdtyRpaass, OfhcRiding
sai d pol ypeptide or untransl ated RNA nolecul e. The,
crokinesidymphekines, fymen nesrosifaipctprsy intetferepsniexis dolypeptides, and
recovering. said | ypeptide or untranslated RNA

pﬁﬁf %f%?gg%ﬁgﬁho%% are also provided for the

expr gagh&providbdaremolygeptidespad yipeaislaas RN Apmeleetleb pyoduced
t he régulated expressi on of heterol ogous pol ypepti des,

by kg methads ofdhe BRERRN. | ynphoki nes, tunor necrosi s

fact i f QX t :

convart; muPEhy SR8 broliBl, mARILDGE IETRing ik BRI of 2
pahgeptideraxres) witeaslRidd RiSAenoleade,aohmetwd cbbpbiginghietroducing
met hods, of the inyention. The jnvention al so provj.des
neleliad pelec e U TR P EFblP pdace fecombinait host
ceﬂlawgg%wﬁl% Qfid oHMiAAN bt &% BNRr naltens | @ltu@aédhditions. In
nmet hod conprising introducing nucleic acid nol ecul es

coiftain keabpdiveents, owclein taoidemeleeilescanicpding apgeropere@reasensitive RNA-

heEeR PR peRoren Fuiird SRE LR BeRBE pRERE A ependent

RO€A Ipdiyi @482 Q8! iSERIN te, mOM6d LA ot glionthise8 pdct 9 f efeciatéritignanay
tenperature-sensitive RNA- dependent RNA—poIgnerase

fartleer gemprise phansingttbesarneraiwe.of dhesrecpmbinpnirbest pelherd e from
eﬁﬁ@' ?ll %?H-{n si%e lte?neﬁe?frgre fhe r&ﬁj&ﬁ?ﬁéyﬁg&gﬁﬁj&r}g (ﬁi alfdtfictive

aspe e Inv Ion may onprise changi ng
téhgeritargae mafennsiot tdnyerateeonbi nant host cell cul ture

r ot 1 EETale TbEra 8, mghodat VB BTN i Py intmgucing the
nuERRELA HofechRs HFRRE HvaRiNLintE PRIRLALHE ©r eukaryotic host cells to
produce a recombinant host cell, and then culturing said recombinant host cell under
suitable culture conditions. The recombinant host cells may be cultured, e.g., in a
serum-free or protein-free medium.

The present invention also provides pharmaceutical compositions comprising
nucleic acid molecules of the invention and a pharmaceutically acceptable carrier.

Also included within the invention are kits comprising the nucleic acid
molecules of the invention. Kits of the invention may additionally or alternatively
comprise one or more expression systems of the invention and one or more

recombinant host cells of the invention.
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In certain enbodi nents, the nethods of the invention
i nvol ve introducing the nucleic acid nol ecules of the

WO nveiss06n i nto prokaryotic or eukaryotic host PCEEP®03/009291

produce a reconbi nant host cell, and then culturing
sai d reconbi nant host cell under suitable culture
condi ti ons. The reconbi nantlhost cells may be
cultured, e.g., ina 25 serumfree or protein-free
medi um The present invention al so provides

phar maceut i c BRIBFPRSCRIPTION OFTHE DRAWING! ei ¢ aci d
nol ecul es of the invention and a pharmaceutically

acceptable carrier. Also |ncluded

i nvernigdrs arsélemapg reRgpgsIIaLion §T Y#Reon r&yﬂ@% EGE? rQPE described in
E@LB]?)%JQ e?heoﬁGFp eexPH:‘éﬁBﬁ 'cQﬁetté(ba{nsb@ﬁep‘la{%@d PVt 4B JTBNterest
addrt1 onal or alternatively 30 conprisé one or nore

(egprSsish, oEP@yleéﬁs CMM: héiymm@atqvcms andm@tee, @Uretp prromycin
reconbi nant host ceIJ .of tge |nve

TSGR G 108 P RIS O daTce. sk ER e aricr efgin of

répicatibn; Vﬁrﬂb@l Rubgerbnhi® FrofoR@TIRIP, BV afiyid alfi Rpliction;

vect or %y S EGFP OPE described in Exanmple 2. The

HENpl ,eﬁg eruslesn aptiged t 6FPagresa Hegspwenss Piptamyngpdrfe genes
nger.est

Bpbobf il oty Pidbns Slpitiine S d Broratsen

rimRAkKET ancHﬂIiB nspdpG13il 53 Glu) m&ﬁat&tnaﬂhﬁﬁeﬁMrk i rephitdst temperature

bacterial ori |n of replication; SG prom subgenom c

SE‘PW@%“"W B origin of replication; EBNAlL, EBV

nucl ear antlgen 1; GFP: green fluorescence protein;

nspl -4: genes coding for the viral non-structura

proteins containing the nsp 4 (Pro728Ser) nutation

and the ns%ﬁﬂmﬁﬁﬁs%ﬁvm T ﬁﬁ@ﬁgwﬁw the

replicase tenperature sensitive an

non-cytopat hi c. DETAILED DESCRI PTI ON OF THE | NVENTI ON

The prhepeesenti invemtion andirestedi to sempesitionsgodposthedsghat ashasetul,

th t..are

ot Yo epiar i B B 0P koen s e g e R BLOIRRIR o host

céfis.CFht SompbetiGnardsiéthods oﬁﬂﬁ iffednitiofl Sirdhlsd Rgeful, e.g., for the
i nvention are also useful, e.qg., for the |solat|on

isefiosr anslier pyrifiqation Qdf Pqim%é?ﬂ irabpeptisss adpntmasiaggdRNA
r}{&%{lﬁ&%k tﬁgglﬁhl&edqglhga% L.gs that are produced in host

ccording to one aspect of the invention,
nucl Aczoniingl tonorec ubest aufethepinventi@y. nﬁEﬂma raeid encleaded are

cul es of the inventjon conprise: a first 0
Pé%‘fl Sflic| Bt pueleis a lmﬂeﬁ o @sd@ge% nRWﬁBfeecﬁﬁ?)e? first

pofirfciRbHud Rl effert thlch encodes an RNA molecule, said RNA molecule

comprising: (a) at least one cis-acting sequence element; (b) a first nucleotide

sequence comprising a first open reading frame, said first open reading frame having
a nucleotide sequence encoding an RNA-dependent RNA polymerase; and (c) at
least one second nucleotide sequence selected from the group consisting of: (i) a
second open reading frame encoding a polypeptide; (i1) a nucleotide sequence
complementary to all or a part of the second open reading frame of (i); and (iii) a
nucleotide sequence encoding an untranslated RNA molecule or complement thereof;
wherein said second nucleotide sequence is operably linked to a promoter which is
recognized by said RNA-dependent RNA polymerase; (B) a second polynucleotide

element comprising an origin of replication; and (C) a third polynucleotide element
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conprising: (a) at |east one cis-acting sequence
el ement; (b) a first nucleotide sequence conprising a

wo 2ogisspen readi ng frame, said first open reabPCTYgP2003/009291

frame having a nucl eotide sequence encodi ng an
RNA- dependent RNA pol ynerase; and (c) at |east one
second nucl eoti de sequence_sglected fromthe group
consisting of: (i) a 25 second open readi ng frane
encodi ng a pol ypeptide; (ii) a nucl eotide sequence

SRR SP b, BB bpdlc 05 RS5RA,RE8 sy o

réplicadélg an untransl ated RNA nol ecul e or conpl enent

t hereof; _wherein said second nucl eotide sequence is

oper aBerdingiedanothes {Psto L& hGHINKENLOR. PREIHAN B are
p?@i&iedR'\bf‘hg %ﬁg@gg%ht ] Lot HEGh&son (Bhnpfise ohe e more nucleic
pol ynucl eot i de 'ement conprising an origin 5?
acidphbleatles nwheaeid s@id) ore dhinoce padlginacidenoiadaleslcemprise:\B) a

004/ 018506, PCT/ EP2003/ 009291 - encodi.ng a

ff%;ﬂqlwﬁ °gHdq Fierea Wgwﬁfeae?%s aea}%@é! BOBFUIP R RN fplecule
coRbHsiAE! gh)NatOfeast’ SR cBRHCkiAR - seiRE HidHeritO (BN MAE nucleotide
aspect of ‘the invention, expression systens are .
sprusneaieamprising @it epen igadisg drames sad first @pemreadingdrame having
conpri.se agne or nore nuclsi i .
o\ TaiR® s GnEe, TR K A rePeRebf BT PElirRdses and ©
&0 phé s€ond Auckofidd séqupadey sulstteidirblethe! gowm condistitly of: (i) a
encaodes an RNA nol ecul e,. said RNA npl ecul e .

seeomer PRI Epading) frame | @geding nd ROPERES: ) sk guelsetdde sequence

: ' | ' ) o S .
e nort Rl alfor 4 65 o CHE 0BG |efipe TRIREITR: HROGHY Anlllcfride
séquenee baooding anauntrankletetli Ri€Asmgleeuie @r enmpltinregt drereof; wherein
RNA- dependent RNA pol yner ase; d.. at 10 | east one, .
Sl B RHUBH I8 o> BB Ente CDEPER, Skt g § hOBRIpWEh is
r&dB8i788 b Gafdl RNGLdep@ndch® RN pBRGRrastadBNY sédodBolynucleotide
encodi ng”a pol ypeptide; (ii) a'nucleotide sequence

e%'cmqmlt em?pﬁdng an@g'ginl oforephcatian; ans¥ (G)trcthinderelyraigktiotide element
| eqt.i d L
BBt iy el dnttith o SeRh HBRLE Uit S PENERET srig priein of

réfIRaE6.; Wherein said second nucl eotide sequence is
operabli linked to a pronpter which is 15 recogni zed

by sandhrnexperspendepemRet Bl inventiane; sadb)firy. se@wfdand third

. 0t | I rijsin r of ..
PR R0 L AP Do BTGl S0l ot
Areadively, said €ipdt] e@dbndand thirdi ppliyrmioclebadd elements altdyeeash be on a
recognizing said orjgin of replication. In_the

S@gl dusietn agidsmalesulst  tiRecsTiRie r?ﬂ@ﬁ%m%’é%’ dsafd rfgrtst, and second

pggaga@o@&dem&ﬁ@ wilGhePSH 3@9@1@9&%19@ algideﬁﬁfétﬁle@l}ﬁlee%@ third

n a separate nuclelc acid nol ecul e.
polynucleotide element is on a different nucleic acid molecule. In certain other

embodiments, said first and third polynucleotide elements will be on a single nucleic
acid molecule, while said second polynucleotide element is on a different nucleic
acid molecule. In certain other embodiments, said second and third polynucleotide
elements will be on a single nucleic acid molecule, while said first polynucleotide
element is on a different nucleic acid molecule.

According to another aspect of the invention, recombinant host cells and in
vitro cell cultures comprising recombinant host cells are provided. The recombinant

host cells of the invention comprise: (A) a first polynucleotide element which
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Alternatively, said first, second and third

pol ynucl eoti de el enents nay each be on a single
woemkeissoaci d nol ecul e. I n certain enbodi ment SPCERPZTH03/009291

first and second polynucleotide elenments will be on a

single nucleic acid nolecule while said third

pol ynucl eoti de el enent is oh®a different nucleic acid

nol ecule. In certain other 25 enbodi ments, said first

and third pol ynucleotide elenments will be on a single

encelegian RIAI chohmohilec wdid, RMAI nelesaledcapgmrosigg: (a) at least one cis-

pol ynucl eotide el ement .is o a”%%fferent nucleic acjd
RN RATTCH RICBRE APh 2ofHE AUSABIMR FAHERCE SR Byt open
réachd Rihé Rl ﬁfblld Bbé%?lteiagi% ﬁm&% WnlitleBiRicORqdentt BEERing

nuclei c acid nol ecul e, ile said Tirst polynucl eotide

an| Bhéndependomn BNd fpobymeeraseniande(@  alc legsthone cigcend 3@cleotide

Accor di t o .anot.her aspect. of €. pventi.on .
SPEEBRORIG D VRSB RRRY e DL RSB ep reating frame
cBEMRd 8 b pemERItinAmicldbtidé s€fichse edreplpmenthtled. allldier part of

reconbi nant host cells of the invention conprise: (A
the sqcprd open (asdingdmme af 6)candn (i puslegtide Geayeneg sereding an

{ 0 - yn] i :
g RN RS o npRER InPCHARR S5 (Foond Hhilcoride
ssq@uen e opkrabbntinkdd}o a pionsiternwhichoisi theogreepde bgesaid RNA-

conpfri Sj a first open reading frane, said first ..
dsaeé#e?tegﬂ'%w géiyweh ) ﬁée%o‘%ul%‘%%’&‘f‘i?ﬁ’éldg fittgomprising an
oFiRGPEH RYlicAdnRMY AePL MRNEoIRMR1RAY TRInASE ;en&ﬁﬁjncﬁ( & YepMcation

| east one second nucl eotide 5 sequence sel ected from
iniHetigy facior capablesifireapgoizing(said erigie obregliogon. r eadi ng

frame, encoding a,pol ypepti.de; .(ii). a nucleotide .

e queireeritif ananPE ARep ot e ghldplioh, FRGHOR, 4 wrariged, fo
pPRRRIngE &l | lRgulbfiRdTBh fexpiclsiorfiod G ﬁdlj&p@tiﬂ@ re@ittaielated RNA

sequence_encodi ng an _untransl| ated nol ecul e or

nedespile meihe mgdodsaccarpiagdpnthisapepesteebilee Hiyené iceraprise: (a)

. e . : C .
RS AP SRR 5P o SOt L e oo
hoB)cell t6 peaiude patoombihaohogdeeck adad) celarprg saidw@cambinant host
origin of replication; and (C a third pol ynucl eotide .
cellebnmetiods of g 1aventpn F‘E‘Xtﬁ%‘?‘?r CPRPFGECRYFTINgSpigrpolypeptide
of AR £ RNACAGREAENY said origin of replication
Accorélng to anot her aspect of the invention, methods

ar e pxasvidiregtd amothqrasgent iofighe arventgny | katsi avg prdvaded comprising

i f | tid t | RNA 15
Rt ad rinteoplin SmbsBe sy Sy ad Jot e s s o orerfiRe
| nvent i @RamO8MbdERentsAbaill rstee&ﬂus}i)éag readMeClr@hé tA&i i included

mol ecul e or an expression systemof the invention into
veithim ghstcosplobitipns prdomethedsofrtbe tnvghtiemis inedranglatable famgpat after
b) cul tyring sai d nhi.nant haos el l. The met
oy or fited Kbt Rocu TR RAERTIn i8I 5P sbpd R favte
foRharPRRAteflded to mean an RNA from which a protein can be made.

The RNA-dependent RNA polymerase that is included in, or used with, the

compositions and methods of the invention may, in certain embodiments, be selected
from the group consisting of: (a) a temperature-sensitive RNA-dependent RNA
polymerase, (b) a non-cytopathic RNA-dependent RNA polymerase, and (c) a
temperature-sensitive, non-cytopathic RNA-dependent RNA polymerase.

When the RNA-dependent RNA polymerase that is included in, or used with,

the compositions and methods of the invention is temperature sensitive, the
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or untranslated RNA nol ecul e. 20 According to anot her
aspect of the invention, kits are provided conprising

wo bm4nsshei ¢ aci d nol ecul es, expressi on syst enBCEREPZ003/009291

host cells of the invention. In certain enbodi nents,

sai d second open readi ng frane that is included

Wi thin the conpositions and I'fret hods of the invention
isin atranslatable fornmat after one or nore

RNA- dependent RNA replication events. The expression
témaperataresdeasitid BNA28epandentt RN A polymerastatiay baveemplicase Bbivity

f whi ch t ei .b - d t

atgasrs rRB e WSO 4R FRE ive NI e bStreh Holdy g least
&ﬁ?%l‘dt hP[b%staﬂPxﬂft)“%lhoﬁsleQJt thhe fblﬂVﬁmdaﬁnﬁﬂ?)foldl Rt least one
certai n enbodi nents, be selected fromthe group

hyndrsd sfpldngnoat least) one ttWémhthﬂIdeg@éWSIthﬁWéhe replicase activity

gﬁﬁggﬁgﬁgﬁg EM 0 O? %Zﬁfe télgz)?r%supoge ﬁ‘vg qﬂ&& d%pendent

RNAP6lyaicwdse -rfie@ﬂidvta Iré‘;ﬂmaMﬂGiﬂz e thathAt Regahdebld greater
RNA pol ynerase. Wen the RNA-de endent RNA pol yner ase

thamathe; eeplipgase (ReEYitY rexhihted st g2t h, They W@R?WSSSFIP%‘%YFS RNA-

SR A BRSO

répditperaativite (saganéthuds dRdéted tgrekitevit inRhiAappdt\BHEC as ebavey

h t t t t | 34
hi oA nF SOUR SeBeilent KL polfners3¢ Mt ds ne i fbi o g with, the
cbﬁﬁ&ltloﬁsvﬁﬁtrﬂetﬁ@dsdof tAd 1ﬂv@ﬁ‘t$5n Itn y.Tih ¥eftlh @mbRHirh&RS be of viral

forty fold, | east fifty f . at |east one hundred
ofigind, Fmr emnplea@te RINS- ctdp@m%h BN‘A) Ipaly@reé@aeemay tharpftaighaviral

Oé’ﬁﬁ-h‘p S%?e?ﬁ:c F&Péld o? ﬁ_led n%g:xét’f)’d'c A& eDend ?ﬁengeﬁmRNA

35 @eriNRy fhai @ slﬁcmls OGS aBekriliki Fyrest visdhCort dhdAuraSvirus.
| east five fold greater than the replicase

TénétRNAtcgstp@adﬁrprﬂ\b“d palynpyse mRebe dppeadafremer Yins pelpged from

tl%&? ec%ﬁgigt?ﬂ% ﬁ%b?ﬁln%ﬂgs; %{Sa% ’Vl @ﬁfk‘hﬁ%xfhya virus, Easter

egaink ehégphilomiyelitisreirhg dS)rtOMOd@le\Gtusp (ﬁetahowusg Kytjflegahtx)lrus

at 34C or bov 10 The RNA— pendent.  RNA pol rase .

M%’@rq ¥irigc %P% vighs, 34 t Hrusy ﬁb‘Ug jxyR_ virus,
RAbhe MR A H% IUM4S DErh O "WRBYm  kiuiRE retl‘n@élﬂlalomyehtls virus,
odlnents e of "viral origin. For exanp t'he

wwxam warusieWneRWlarp eduine cmphaimayetimsovfmal(b/iﬁ&i)l arad Ross River

origin. In specific enbodi ments of the invention, the

YRIA- dependent RNA pol yrerase is derived froma

Si ndigisg oYig[iI_ﬂléf réplo8idr Hat ROmMERMed | |11{ Ut ed att\Yhé nucleic acid

Vi rus. he RNA-dependent RNA pol Xnerase may be

mdequlesdthe regpreasions wystegs mmﬂfqnémi migthags ofi phe invention may
(ﬂ:ﬁlu?slcfg hﬁl% OfroEeb%{l O}S{gltan%rs’d a%ﬁ%@%&g OYgEaBﬂﬁT (e.g., a yeast, insect

unya viru
or mammal), or a virus. For example, the origin of replication may be derived from a

DNA virus, e.g., a DNA virus that allows for episomal replication. The origin of
replication may be derived from a DNA virus selected from the group consisting of
Herpesvirus, Epstein-Barr virus (EBV), Papillomavirus, Polyomavirus, Adenovirus,
and Hepadnavirus. In a specific embodiment, the origin of replication is oriP,
derived from EBV.

The replication initiation factor that is included in, or used with, the

compositions and methods of the invention is, in certain embodiments, capable of
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equi ne encephal onyelitis virus, Fort Mrgan virus,
CGetah virus, Kyzylagach virus, Myoaro virus,

wob@dloetsos g vi rus, Miucanmbo virus, Ndunu virus, PEI/EPIA3/009291

virus, Tonate virus, Triniti virus, Una virus,

West ern equi ne encephal onyelitis virus, 20 Wataroa
virus, Venezuel an equi ne ent®&phal onyelitis virus

(VEE), and Ross River virus. The origin of

replication that is included in, or used wth, the
operalifd @s ac pAsmitb hetntb®ce thdoe X AL asddohsresly sh€n@rm "plasmid
conpositions and nmethods of the invention ma

! . be . .
mpdRPRAEE factn & ieaKed jomiean arfaEen srRichaSupaRES %@tdl&mbuﬂon of
i %ﬁ% £ SheBau }?tey @@l%tupoh !3§1?8fvi%gh.o BRI I EBNAA, this is

virus. For exan% e, the“origin of replication may bé
aclgevedetdy fthedninding BRGevprotesn toethg.episamdAdy atr the stinattime, to the

|1 ows for episomal replicagiap..The.origin of
cREspIPERE ] R eIk OB GHBRIOTNATG RPISEme b dlgughter
cENOMHe ])Blgfaﬁb'xpirﬁt@ﬁﬁin%ét&gmﬁ be HEHRQASYrh ¥ prokaryotic organism, a

Epstein-Barr virus (EBV), Papillonmavirus,

ePpdrydtivactiganism (Age moxeastu ssectandnasepaldnend vioes. For example, the

speci.fic.enmbodi ment he ori.gin o plicationni .
<SR ion SpTER P ol Bl ie PO RS 2ot PPN
aflawt @br EpiadmdlSrepRedtiatle dThe replicatitie thitidtioh, fattoe may be derived
conmposi tions and nmethods of the invention is, i

in .
from 8 INAevrips deleetsd drone shagonp spnsbineoeaerpesydigs, Epstein-Barr

/ 0 - j . pl ' :
PR TP s ROBRSUA M R RS Mg 1o o
spadifid enbodimeftadieaeplidasion midaitefatior iethe EBNA&dtmotein, derived
mhiﬁh supports the distribution of the episones to
from Qé(ught er cells upon cell division. In the case of

EBNA-The o'i‘i%irxs%fi repliAGiBh GHE thd¥pliioR imiHAth faktof Bt are included
protein to the episone and, at the sane tine, to the 5

ighoronsdowith, thh eetppsitionsiiandg neshqisoplethe dingentiobumpyninoertain
t he .epi so to e ughter cells.,The replicatjon..
eI e Aeritcsh iy B ShE PrazBin SLhF ATpr SRy dyfefibively.
tR¢ BAGINSHD replicaBidk HnNOht GelicdBoh Sitifeordfactor HBABE .derived from
i nsect or mammal ), or a virus. For exanple, the

dilggrenteoagdnasins oTiviuaes on factor may be derived froma
DNA v, ru ¢ Qo [ . [ I
O e iy B e bRl S e SR e
foelidr\¢6ehpiCe 4 foarthaoBihckbtids elsmkris ivberel aiid fduethgrobymmcleotide

consi sting of Herpesvirus, Epstein-Barr virus (EBV),
cheaRpsint COMBIISS dsSeleolPy SIRkATr &Y SRHE imagker kngyn b hit may

b're_:'glg?(? rfﬁ'éﬂl&iﬁg,:er#. {‘mﬁrkelgsotﬁ | {JnFersBBQghRY antiBil%ﬁchs; An exemplary

t

catl on”i l'ation factor 1's the EBNA- rotein,

sdlectioreiarkkr sronEBhAt chhfersarebigianceofo puephycat Abernatimetly, fselection

reEI ication i gi&li atian factor thﬁat are.included . .
markers may be used that confer resistance to hygromycin, gpt, neomycin, zeocin,
ouabain, blasticidin, or bleomycin, or markers such as DHRF, hisD, trpB, or
glutamine synthetase.

The second open reading frame that is included in, or used with, the
compositions and methods of the invention may encode, in certain embodiments, any
polypeptide of interest. For example, the second open reading frame may encode,
e.g., a cytokine, a lymphokine, a tumor necrosis factor, an interferon (e.g., beta-

interferon, including human beta-interferon), a toxic polypeptide, or a prodrug.
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15 in, or used with, the conpositions and net hods of
the invention may, in certain enbodinents, be derived

wo pamioisses same organi smor the same virus. PCT/EP2003/009291

Alternatively, the origin of replication and the
replication initiation factor may be derived from
different organisnms or viru$®s. The nucleic acid

nol ecul es and expression systens of the invention may
20 further conprise a fourth pol ynucl eoti de el enent,

wher qhl &abst foper trBadifd Yidsed QR4 feinchided®in! oeOowgedi WRE, the
a sel ection marker. Any sel ection marker known in_the

campom«;ns and mesheds dfithe tyientgon may enchar joegestainembediments, an
U.HE 2 aréd! RRA fho ? i[ b']:% %ary untr%l{f %\YA n%o%c%?ets' 1ﬁaude eg.,
IS Oone con rs-resistance

amlah@senad R\ moleﬁ:ﬁleeﬁttmm moRicklel an [’mNAhﬁol&Sﬂd ahdil atrlbozyme
confer resistance to hygronycin, gpt, . neomycin,

Otlgraiseful pngransiated RNA pmelsqules age knowsp ingheafyci n, or
mar kg5 Suiﬁh_l%lc‘taBHRgx gﬁilacign érng im@its, Hhit aFddBon provides

synt het dse e secon ing frame that is
compbsidens amd noathodsedhicht zlilovt Her tleoppdsttioron$ hagid amounts of
code,, i.n cert

nEt ‘g O{'“Q eg‘ilﬁ%/ BTOE fi;glélp}'{q%(ée‘?lgfuppmﬂéell lransiep fhsfection with

sﬁﬁaﬁmfﬁacléoﬁﬁess e mdhlgﬁ %}o&lﬁﬁi@h N@siflfsa e’y , MBYmEMe Qe of 34 self-
e.dg., a Cyto I ne hok I ne, a tunDr necr osi s

répiiceing  eprsomal ePNéy cnluasm;d gcombe@@l witht & fRINdrdependent RNA
cl udi n man a toxic pol ypepti de,

gl “&rﬁ%‘%ﬂﬁg e B A P 005/ 605901 " 16

The $ReeRSoMPEIIng erdédrgpdsitRime antlahethsds o thediaderition, afay be

used with, the conpositions and nethods of the

regwated pisaisehtyif aseqsersy- Syehauediss regulatiorFarbt achigysd, e.g., from
|
HERECRPh i B Ry LATRAIRAR pOORELE LN o

répRdates DREAL | rRoleauries RNAfamml (addliltien&inB.NA rinblezylee. at Permissive

O her useful untranslated RNA nol ecul es are known in
IGTARCTAECS: Thus, in certain exenpl ary embodi nents, the

i nve%éce{aiﬁm/meﬁes&@meﬁhsﬁ Oﬁlﬁyﬁe@QdéE‘eﬁﬁlQ&suﬂﬂlﬁﬁted RNA

al l ow for e production of hi'gh”amounts of specific
niNigculas| ey be prostucetl e ttansient dsnsfeetidnsexpsumentsajue to the use of

W PO BB (s of FERHB ehE THSE “geogine =
p‘i’&hm (JaofaE@mdr A DN dgRindertelepid¥ie Pthas Garl r@dé?ﬁl z8&He Wrighh of
NA- dependent RNA  pol ynerase, which anplifies the

TﬂﬂlNAtlQﬂ, tharetar resultingnrepkicstion of theiphkgmithe conposi ti ons
and r’ﬁl ex%ises?mn S sqerhg%? %e %Qﬁntmy up Certdify gﬂﬂbg{ii?r%ﬁltsé gﬁmprise

preC|seI eéCl Sé regu

ali¢thadighd BN@d vedtorg that fcmfﬁb used to create transiently transfected cell lines.
Said alphavirus DNA vectors may carry genes encoding a non-cytopathic replicase
and viral non-structural proteins, thereby being able to produce high amounts of
polypeptide. An induction of expression is achieved when the activity of the
temperature-sensitive replicase is switched on by reducing the incubation
temperature of the transfected cells from 37°C to a temperature lower than 34°C.

Protein expression in the host at 37°C is, preferably, below the level of detection.
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the use of a tenperature-sensitive RNA-dependent RNA
pol ynerase which only 15 replicates RNA nolecules to

wo oooamossddé t i onal RNA nol ecul es at perm ssive PCT/EP2003/009291

tenperatures. According to the present invention,

pol ypepti des and/or untranslated RNA nol ecul es may be
produced in transi ent trans2@cti on experinents due to
the use of nucleic acid nol ecules conprising an
origin of replication and DNA encoding a 20 protein (a
DENOPTIONS @ DNA- dependent replicase) that can
recogni ze the origin of replication, thereby
resulting in replication of the plasmd. The

expr 3%% If Fov§’ Xg tdgpiﬁtlgﬁs :«L’Q? dn d’eﬁqg B%EI}A{H% s%ﬁfegtarh er Wthh the

enbo vectors t
ulil&ntd)a‘sﬁcbrismleﬁfoel&tthe pfeaﬂfthmhhynt ransf ected cell | | nes

Sai d al phavirus DNA vecgtors, ma rry genes enc d|n
non- Ayt Bk WEE ol HClei 298 Aleqe 4F oRapFn QuFigious

nﬁ;leés@degs(nbm?ps bR B9aabtss, P cemm%n@ ke ATBE BAYS length

i dé. An I nduction of expression is
vidh map dnwhhara ﬁihleleagimpwl)tpypmie orha fragment of any length thereof, or

era ure-seHS|tg¥ H{IC&%%»IS swi.t ched on QX r" d
TR G R8-GOHE ?B?F THP ALY SPciffecld molecle,” an
"gélgﬂlﬁl&ﬁfded '¢8lynSclb6RIP bAGirkc," antl ePBEhatibsteiel Q¥aEntt RaFy be

Protein expression in the host "at 37C is,
uprdeintarelighgeabbiel ow t he Ievel of detection. 30 WD

200425%1§se96h gT / 'EEZQeQ%/ %i'rus"' £ ers%F%xyr sz @%§ﬁ viruses

foll Wi {ions are prOV|de to c

1ﬁdlitlilieﬂ(i’tf1t}{fﬂtﬁeeg’enum&ﬂahvﬁ*&he Ddsonigtidns rof tlﬁ?eomsmﬁafs of ¢hidbgenus are
the present invention. 5 As used her Ie i.C
RTREr

ca@m@e%m Stravss and Sirayssy Aot Revo md: ) eB¥arpRles of

AP, ﬁgg§ a e
any Féﬁ%%ﬁma%ﬂic &E ncod% h% IA‘Ienélu{lg] B@&ﬁﬂ-wnm
(abhsspe ptifude G}miktmgﬁm)a:gmuﬂ, Kxfsteangquirengndepbdlemgelitis wirus, Fort
whi ch ma € pon-co used herein, .the
moTG] i Bfiah e %é?lag%ﬁdwmspd\qwﬂm SippaphiddicBrg virus,
@&hmu\%ﬁom%u%ﬁﬁt PiGha VirSd) AlonBR! WRIC |Tﬁﬁ¥ti ieus, Una virus,

elenent" may be 10 used |nterchangeably used
Westannequite eneepialomyshtiyivies,' Whdtanog Vlcu%r@/lnéblstﬁélSR@N)

Sie? ?%;ﬁt'VE@sz?l@?h%%pgeﬁgeé%QS RO PhARAY LS virus (VEE), and

RIS genu
RReR&¥epFué.n Strauss and Strauss Nlcroblol Rev.
58:491-562 (1994). Exanples of alphaV|ruses are
sel ecksased herein, Hie teimy |rdisa psediin getarsnee 19 afraglec‘ééwus that

tlYé Bficentration of the molecule being purified has been increased relative to
molecules associated with it in its natural environment. Naturally associated
molecules include polypeptides, nucleic acids, lipids and sugars but generally do not
include water, buffers, and reagents added to maintain the integrity or to facilitate the
purification of the molecule. For éxample, even if mRNA is diluted with an aqueous
solvent during oligo dT column chromatography, mRNA molecules are purified by
this chromatography if naturally associated nucleic acids and other biological
molecules do not bind to the column and are separated from the subject mRNA
molecules.

As used herein, the term "isolated" used in reference to a molecule means that

the molecule has been removed from its native environment. For example, a
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15 Cabassou virus, Chi kungunya virus, Easter equine
encephal onyelitis virus, Fort norgan virus, Cetah

WO R200u®18586/zy| agach virus, Mayoaro virus, M ddl BOIEB2003/009291

virus, Micanbo virus, Ndunu virus, Pixuna virus,

Tonate virus, Triniti virus, Una virus, Western

equi ne encephal onmyelitis viels, Whataroa virus,

Sindbis virus (SIN, Semiki forest virus (SFV),
Venezuel an equi ne encephal onyelitis virus (VEE), and
p%ﬂ)ynlaolssud%i oted poliypejside AstundBopréseneing litihg aheahis not ”1solated "

rified" used in reference to a | ecul e neans.
RUE ccHheaRl ¥rat°feeﬁgepr PA pﬁ&}rd@é&wa{é@ frRym the ?qqxgamﬁ &gaterlals
REE RatuP sEASRHisophdl | Yorthe:, ré@h@%@ﬁ@&%&b@%@@o%&h@ﬂ ina

it inits natural environmént. Naturally associ at ed
weotoeardl esnsidendduidelaped| fopelx pupesesnefcthei wesot dwentiomi dwlated

ally. d 5 ifacl.ud t
VR rRolERSs b8 RER aimotip JONA mbliraor fadftisees Pigp and
VAt Rrofedlel.i t BloRitdd Qucleld! héitl Cableetlledffuithe MRl UbBithetically
For exanple, even if nRNA is diluted with an aqueous

psedugehmaiksmleng Additenadly, westarmoleeileneansynedhimyrecominant host
na% & lﬂ, ﬁsisoﬂtgd D-flﬂ,%sf bgtdalpbfsolit@d"Smglg&ﬁggéﬁe%? (?prpdr{ﬁed "
ura

cl'erc aci

bi ol o lmli heran, ahel pRSisel lowodr Mdﬁdcmblet"hﬁhaﬂhsd:ﬁnn aefdrence to
are separat ed fron1the SUbi t nmRNA S%H‘ no] egul @s
@g%&xwewqqle% &elery to) 2 les é?ﬂpfeﬁﬁé%“i by isred ’hé’émc antly

?wgpihgﬁ Whg JXBRRshehNAE geﬁ@‘?s ARk &y Cin ngfedb@}ﬂ LSRR §fle fold

romits native environnent. For éxa
12063 /0p 18 5orerdily EERORBIe(Hode Ineth@ls wed yinulkd &dlovmdeg examples
pohypeptlde naturally present in aliving animal is
i sol at ed, but the sanme pol ynucl eoti de or

pOl Y PePided DeRBR AR pRdsd 1iABVIdIE" GORYY Bl thiicEMIA dr@hrisms and
of its natural state is "isolated." Further,

m@udm’dmﬂarpdmmwdr@n@M$ e Prefomechimnicallplan organisnas avgr animals,

consi d d for the 1qe sent
ToRSehErsed pRoratdteeSrrlstnpRLE dreEFed it qBaRialy vipd, mos
pnﬂbﬁaim@hﬁhﬁmgepl|cat|on products of DNA and RNA

mol ecul es. |sol ated nucleic acid nolecules further

i ncl Ytfeusednianeini thel teym Lot dueans| awy emperature sensitive, non-

[
SHlhionaibe 156 PRSI EB L3I grogons) gromote
taldrivé tlﬁauiraaisambtldmndfenBNe\sfrmaeﬂe hucléie atiunbletwd of thsinvention.
the phrase "l ow or undetectable," when

d
L R R T SR G ARCAR AT A e
FEQaﬂj R¥ElD) ebnigRies R'SQ’”erﬁio?é? olrsheebécttﬁrpcsytm f tmﬁbmo

ower than’that seen when the gene is maxi'nal
D) nodntzadng @. MV arrometest Whien eofmblrditoriabwenitrusts wsthnmifyth are

I‘;l%}?i%h%é/ Hgﬁgg%&an?!%lgs, bt¥1e)§ régnera fyh(c)éjn aiHSae%I\jI{/] ﬁrgr%oter, even if the
abbreviation of the combinatorial constructs does — for the sake of simplicity - only
refer to pCytTs and not to pCytTs2.1.

As used herein, the phrase "cis-acting" sequence refers to nucleic acid
sequences to which a replicase binds to catalyze the RNA-dependent replication of
RNA molecules. These replication events result in the replication of the full-length
and partial RNA molecules and, thus, the alphavirus subgenomic promoter is also a
"cis-acting" sequence. Cis-acting sequences may be located at or near the 5' end, 3'

end, or both ends of a nucleic acid molecule, as well as internally.
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section. As used herein, the phrase "individual"
refers to nulticellular organisns and 15 incl udes

whoedar/opdsant s and ani mals. Preferred mul ticel | uP@r/EP2003/009291

organi sms are aninmals, nore preferred are

vertebrates, even nore preferred are manmal s, and nost

preferred are humans. As usé# herein, the term

"pCyt Ts" neans any tenperature sensitive, non-

cytopat hi c i nduci bl e al phavi ral expressi on system

cont aishised Herdininde iphrat "RNARIepsndeRORNA polymerdselerefers to a

transcription of NMRNA from the_ nug|leic acid | ecul e

petymasase; Wiieh catalnzesthe pndustignyef %@ﬁ%%ﬁ%@@giﬁn@%@&“
AEE RIS 1MRYs B&Rd herdh syrolFmY¥EGY WithRf fefrd "rdphibhde!"D

nﬁ?f 1§ colntegi?n? ng a rRSVsypr o?r[gt er§or the vec{%p? ©

pCyt PsAiséd hSER, the phGise "@)n-indextie packpged RMA motsenles't refers to

en inatorj al .constyucts. with tTs are
e AR MioleRils Sl Seriialth LBaGRE by B tound ofpost cell
MM R Ehot RMRBehit. tTheseZRolRONELHE BudsOThEdtivieBut only for a
conbi natorial ‘constructs does - for the sake of

sigighepinifesttioys entghingo arkeseeell angaye 1y gpeblp of reryodeyrgriy form
4::AS U . herej the phrase "cis-acting" sequence
a%%lpglr% “t%%gthodlglpgfdglegbi d sequences to which a replicase
bi ndsAst asedalicadiyZ thet fefm RivAnsieipeinn'e ndfersetol the girbdurtioh of RNA
RNA nol ecul es. These replication events result in the '
molegulesdiamy PN tempdates gatalyzsdddR N R&’Eﬁb‘“‘ffé?etsi al RNA

mol ecl f8q ﬁ&giné %H@:;ﬁﬂ%ste hRNH -BERHEM RIS ARGARAADE event” refers to

pronoter Is a cis-acting” sequence. Ci s-acting
psagsen edichmasultie thofametomof or RNAamokehde BSing ad RNBA molecule
end, ar both ends of a nucleic acid nolecule, as well
aégt?ﬁﬁé¢nally. WD 2004/ 018506 PCT/ EP2003/ 009291 -22

As usedufargirdln, theeeRh"38Qor" Riferdepande pblyf¥eotide construct,
pol ynmerase" refers to a polynerase which catal yzes

tytieallyr aesmidrorod vams,Rigedniel Bransmt igeagticameteniel tRmahost cell.

le. Thi ' d.h ' i th
APRLBE) e P S BT SRR B O .

ev&® nordf gefratdy pack agrealaRWasimil e oulvesor raef wed liddeinSmay be

packaged RNA nol ecul es which will essentially undergo

cempyse%mf ertBeroN Ofor %A Rigfarably.iif vastor gh ussddhessia ingamposed of
hogeni c. These nol ecul es are thus "infective" but

only for a single infectious entry into a host cel

and ate wsal hesabtte ofrmr éhetodblpongy dequdmoe’mrefedditd | @ nsekond

I nfectious particles. As useg erein, th? term ,

nuglegiide: SSIPERCSPESeBt & 8 MERiof 19 t@‘r JHERESHn 1B tegRgn hefggologous

sBRlREAH £ EFRMo N ERPLAE 65 R &qigRd dA¥od@dAy a heterologous

pol ymer ases. ‘
DNA sequence contained in a vector of the invention. Heterologous nucleotide

sequences can encode polypeptides or RNA molecules normally expressed in the cell
type in which they are present or molecules not normally expressed therein (e.g.,
Sindbis structural proteins).

As used herein, the phrase "untranslated RNA" refers to an RNA sequence or
molecule which does not contain an open reading frame or encodes an open reading
frame, or portion thereof, but in a format in which an amino acid sequence will not
be produced (e.g., no initiation codon is present). Examples of such molecules are

tRNA molecules, rRNA molecules, and ribozymes. Antisense RNA may be
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As used herein, the phrase "RNA-dependent RNA
replication event" refers to processes which result
wo nootlogssher mat i on of an RNA nol ecul e usi ng an RNAEP2003/009291
nol ecule as a tenplate. As used herein, the term
"vector" refers to an a pol ynucl eoti de construct, 15
typically a plasmd or a virEds, used to transmt
genetic material to a host cell. Preferably, the term
"vector" as used herein refers to an agent such as a
uBlrasddted bafdin SyMEd iMBkReP rafimeP |s¥qiicdcds Cad &Yl @nverted to a
plasm d, A vector as used herein may be conposed of
translpfeblesrpse siramhiompyliele p aplypeptideyepiogiceds used her ei n
!. S C 2§ ﬂer% n, t as%,gt eyastﬁt% J%ﬁ&ﬁ‘bé“ refegbet N hich
het érol"'ogous sequence" reters to a secon nuc e
réeﬁl(ilyeaﬁi@zbf es&aﬁon at ode \tﬁﬁp@atuﬂ:f but batalyaeetht sane reﬁbﬁon slowly
term" heterologous sequence” also.refers to ané .am no

o dp it FROGEE IFBWCE Wfic SHEEKARPIE Oh { SRR YYEHEISiBKgenzyme
{Iet er g\q 09 og%éh Rfcbded bg’ thé %W{Tmecw?ewhﬁlﬁ%% Ir&dily detectable

s nucl eotidé seqUences can encode
repicyseeptivite st tempardmrn&)bécwlﬁgc raod s loy enqpdetestalilej astivity at
3h§$ cell 25 type in which they are present or

ecul es not normally expressed therein (e.g.,

Si ndDA Sused heretr iR p}ﬂis@'\igbﬂﬁ);swebﬁ mpeRAureCredérd to tdi@eratures at
phr ase "untransl ated R refers to an RNA sequence or

whitheanuenzymisihes redaivslyrtogh teyals oif gatalytie getiviteadi ng f r ame
gL ¢ € ir}%soﬁjs%g o%{éu? Qﬁé}pl{\/\r/ﬁ&d*rQerctNeat%peﬁfuégo{e?érg th {eg%r ﬁ%ﬂss at

am no-acl d sequence
vﬂﬁéh ale8neriad lwedr @legectabloleivels bf edtalgtic e:ablﬁmy iBoth "hot" and
Jpresent). Exanpl es of such | ecul es. are

RelLexmsiive TpUals w8 kae T aad. i aF?%‘a“thﬁé%mP%ﬁWes@ﬁ)é Be higher

oMW draY, ;T,Pae%%&gbgg}gz{ Q8508 PCT/ EP2003/ 009291 - 23

untrans , 1N some instances antisense
sequ eémzesddwnem,ethe dever'teedmbmaat host aeB! a¢fa1tsl to sbpstecell into

Ve Epie o A Ages SR Mand BT BT peliptSfised

an  engyiRd Weienl) the @afi"teplicatcdl ARG R fARRC tfeR 18t R6@in or a
tenperature but catal yzes the same reaction slowy 5

WAnmqumceamcodmgaw@hh%rprwtemp&raatlm rable fin respanig eanoprigin of

gﬁt 8@%1& es&}mg S pe%&/' b of nf mlds & V\,H n%ﬁfi’i &g%% %f pe{p?Eaet on.

det eciaghlsed herRR, ltlﬁ‘eﬁl&ﬁna‘bhgiﬂ 615/ replicdtRA] e&faisuioes UNB& @W]uence
34C and has | ow or undetectabl e activit

thatdg reeagaizad byherephicaion ingitionsfastor of ér%@f\atemlease leading to
réﬁfcg{lgn ot g?}%ﬁﬁ@tcﬂﬁﬁﬁnﬁé the origin of replication. = The expression

"recognized by a replication initiation factor" is intended to mean that a replication
initiation factor can physically interact with all or a portion of an origin of replication
sequence, thereby causing or stimulating molecular mechanisms that ultimately
cause all or a portion of the DNA molecule comprising the origin of replication to be
replicated.

As used herein the term “inducible” means that in an inactive state, the basal
activity of a system should be minimal, while in the active state high levels of gene
expression should be rapidly inducible.

When the terms "one," "a," or "an" are used in this disclosure, they mean "at

least one" or "one or more," unless otherwise indicated.
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10 which an enzyne has relatively high I evels of
catal ytic activity. As used herein, the phrase

WO p@aigseé i ve tenperature” refers to tenperat UPEFERL003/009291

whi ch an enzyme has | ow or undet ect abI e level s of

catalytic activity. Both "hot" and "cold" sensitive

mutants are known and, thus24a restrictive tenperature

may be hi gher or | over than a perm ssi ve tenperature.

15 As used herein, the term "reconbi nant host cell"

ref eNUCOERC ACSD MOLECULEBS ANDI EXPREBSHDN SN TEMSIC| ei C

acid nol ecul es of the invention have been introduced.

As used herein, the term"replication initiation

fact naﬁlegl%ﬁe%refdoerﬁb&m&ﬁg Df%he 6pres@h%mﬁw‘aﬁe based on the

encoding s a protein that 1s able to recognize an

veartogl wedin thegpkvioagly dasdribed| pﬁgﬂiscﬁxn)eqssmo aystom QYO 99/50432,

S ntai.ning this ori i cati.gn.

ol B3CThite O ARHE 1S Bk iePiofbight BY affEfinif i bnufedy These

vEQoR IV eonSEIMaNaS trdnl@ibedSin’ BSedRIlZ @6 f¥die’ RRINA 3hdl6¢ules

initiation factor or a DNA replicase |leading to

hp@pg “cmpp@hre@dma frames ml aes(@mmrcmdw@ frapaespmhigihrmasr or may not

X g b . ..

TRERY i ok Py RTEP 20 ol EPBRARG eperatng sensitve

réd‘h@hseaaﬁdé al he‘tabldgbus ighhd iofitinteresf. acllher ﬁmmpphymﬁdmg Ifsame is
interact with all or a portlon of an orig

tieglpted 4P Bivdps g8 qRidAcderendeal dEyAc &nﬁ&%r " fhe second open
rSodt e{‘rgtﬁn NehBBINGCH & %zﬂ:f"?f‘t@ﬁ@e5%0&%Blgrghétidé§to?l1ﬂtere_st, is not

cau or a porti e conprising
ttahdated ugiilafet ar lepﬂt ionaRI\Undd:mn&kmt RN répiimbtich evast. used

her elé[rl]‘ the1 term ‘Q % " mean thahpl n an.i naclt [ v?.
st at eyl ads meleule,of reopres it jRyealipR gRpYshdrer afia, at
léﬂspbx@iecoﬂﬂ‘hﬁ&edtﬂetsgﬁleﬁ% ITHR seécHdemitldilde §@c§3ﬁﬁceofs piEBRbly

0 expression should be rapidly inducible en th

opelahiy tiokes, 'a propioterr whanh ISar@OEB@@Id ity @hi BNeh- é@eaéqm eRNA

RO o Lhs Shprd Faako O oo Theesiinth pitimshl; B8superise

a- 2bodJehdn feadink Ordvhd, KBRS MiVRoBIPRERBhENoB YRS as well as
Certa| n preferred enbodi nents of the present invention

elraaqss. o Kot festangecthe rsscanderpaleptidp seghengs suay gomprise a >
pfERGE RAfP 8 bl RXBE b SYRhEM GYRNA! AOURE, s and/or 3

osur € y 1 ncorpor at ed by
sé@feﬁlﬁ@l’mﬂb]llmg reiphicativhi ofethy RNA Imaﬁecu\l/ce(ﬁ' ang 3arcs actmg sequence

onstltutlv transcn?ed m\?ﬁgst cel I
ol ad 2 NG Of AUTEH SN P A A A DD g o least
ope L flﬁﬁl@hngvefn'i a hé’?ﬂoﬁ hls”@éfa@Eednﬁ(/ ARt RNkAedéHeﬁH’éh@ eRNA
rom t sane nuc c aci d nol ecul e, "encode a
pobymperasst whxehsemgcctdedsalternatlvely on the same or on a different mRNA
molecule. The sequence of interest may be encoded in sense, plus (+), orientation
downstream of a viral RNA promoter. Translation of the coding sequence of the
gene of interest is inhibited by a 5' sequence which, in the case of the single-vector
system, will generally be the replicase sequence. In the multiple-vector system, a 5'
sequence can inhibit translation by having one or more short open reading frames
with associated stop codons which lead to the detachment of ribosomes. Similarly,
any sequence which inhibits the traveling or binding of ribosomes to the sequence of

interest can be used as a 5' sequence which inhibits translation (Voet and Voet,

BIOCHEMISTRY, John Wiley & Sons, Inc. (1990)).
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replicase and a heterol ogous gene of interest. The
first open reading franme is 10 translated to produce

wa@arooRmirssodependent RNA pol ynerase. The second OPETEP2003/009291

readi ng frame, encoding all or part of one or nore

pol ypepti des of interest, is not translated until

after at |east one RNA-depeﬁHent RNA replication

event. The nucl eic acid nol ecul e of the present

i nvention conprise, inter alia, at |east one second

nucl e@btlée nktiibdeftt reventing eandsticiue! aadlédlizlesequdiesin most

preferably 15 operably I1nked a pronoter which is

bradegient isyatamp ynvahvarntbe dessBionctft thiuspaysars Heft datisentredirection.

T%?scr%gt%o@ %‘fllﬁﬁf)ﬁﬂg tﬁa%glgﬁ&?% bés@d ﬁrtB@ Hnﬁgt%oﬂil'apﬁ s'fatlon will
en rea or ot

gemmhlgobmlgia)csmqamwe @éphcaﬂcﬁr efslh,ls msnu;sed ] steend R)]Nhemto a plus

eIe nts. For |nstanc§ t he second .nuc).eot i e se

2 78 &Pan Seading. GABE AR AWARER OENEURL 1S fransiated sense
s’trEB(f {s8for8d %yrmhgsfeﬂl@efnoﬁ%d' Rrods VR, e &m '\‘%Ql@/ @F rr%os&ﬁ)es' and

sequences enabling replication of th nmol ecul e
paniein3ynihiess.ad\si si@“slemtélncéy e ﬁ@ﬁ@é}z) produgiion Qfsar@mo acid

nce of interest i,ch is tra t bLe n f
sSidnec T prra? S vat o svRopf e RpReil {8 € ona
n6éalley &f dn RitienratiGhAwEieR avidefbul RV the %mmbas(ﬁf Miseﬂsel RNA
encoded alternatively on the sane or on a different

spagance Frdp @@sl@gemﬁ@cm@ﬁh eTlyis, thetsepensk onpgyrepsting frame may
LG s STV AR P 2 MR in

f&ﬁfﬁk&@@ﬂaedfabbbe ancge)qﬁesefonl aftthe aﬁtoded; amiro dmid sailublyceavﬁf still
sequence which -vect or

i.n e case sSin
Og gt é}ﬁ’e%helpr@@f?élpﬁl )?nblé‘tr?"??iat?éﬁ?qs&% éqSL?QH%e i flesired,
thd? bleBhig c\!u? ‘BE 9@51?[ & ©ThaBt will nSEHHRNEL ﬁ:?rfbldt@ fdrQrbtein

transl ation having one or nore short open reading
sinthess Fav ebdamksdm RNeédcat wpdesigniod so wiat @éh ihigadon eodohds not
det achnment of ribosones. Simlarly, 30 any sequence
PR i nhibits the traveling or binding of ribosones

t o t e S6CUHANRGIBTide sddubice ThayCateriiveseast aaditRdnblly comprise a
sequence which inhibits translation nget and Voet,

anm}*@\aemve egesiding/am wyragslged RNA moleculeogrpmplengsnt thereof.
004/ 018 0
F[%)F 86%]1 5[919 (10 efE 9 %ng%ﬁ‘gdgﬂf E‘YE’ d’%‘ QL0660 BFL WA & utence

|ng rans |on 0 uences I n no

Jpitied igdntiah nsaysdneode RNWOdedesnctdwhich s hdithier tanddied nor present
sequence in_an antisense direction. This neth?
i gRiaBHENARYCHFIH Nt FrnRles ofaish ugiansiated, RNA molecu eﬁa{lclude

[
R RN ?ILadl fes, \gffdd niftEiA! a}(fd Q'mo¥ RECUT A Bl dnEidelaBR flumber of

|s m nus Yand RNATnto a pl u
ritioranel sétpeneey vaith dciﬁaredrceaxﬂytwgachwam armkmwsre irsthe art (see, e.g.,

LNl A b BB 056, 5 i 1 R
RNY/S4 94:13777-13781 (1997); Lavrovsky. Y et al., Biochem. Mol. Med. 62:11-22
(1997); Chapman, K. and Szostak, J., Chem. Biol. 2:325-333 (1995)). Further,
ribozymes have been used to "knockout" the expression of a specific gene in
eukaryotic cells as part of a ribozyme-mediated, message deletion strategy (Xie, Y. et
al., Proc. Natl. Acad. Sci. USA 94:13777-13781 (1997)). Additionally, alphaviral
replicons have been used to express a functional ribozyme in mammalian cells

(Smith S. et al.,, J. Virol. 71:9713-9721 (1997)). The regulated expression of such
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protein synthesis. As shown previously (W 99/50432)
production of am no acid sequences can occur even

wok@a/oigsec gene of interest is inserted into theCDREE003/009291

nol ecule in an orientation which will result in the
formati on of antisense RNA 10 sequence 3' to the
subgenomni ¢ pronoter. Thus, —2%e second open reading

frame nay al so conprise a sequence conplenmentary to

all or part of the second open reading frane
ri88Syhdspasd atiey an@didlaPRBBS hidlecafes! Rethen adtliadthendcope of the
acid sequence will still occur. Wen t he production
pessertinygtipins| at ed anti sense RNA sequence i s desired,

the %’@I{{Eiefcgél? Iﬁ@l‘g lﬁgs qg(% IeQPx%QSi@P gﬁ&hs OT t% llJlVé?lan also
serve as a For protetn esi s.

cexpripd @, sdcbmd @N%moallaothxh: drsiegh @dmpdsingain amlglmloif |1apl|1<mmOn

codon j s not resent ond nucl eotj de sequenc
Crigtrgpiatioy Bief St bs o ah e yeseehp w?lg@ndnauge e those
¢ %@%ﬁ@i@d $RAH n_gﬁﬁ&r}%@ieo@gﬂﬂsrﬁg‘ sikabyie! @ %g yeasts,

nol ecul e or conpl enent t her eof For exanple
imsettecurl m&nmlabk and/gr yiruwedsicBor dxamiplea as origint ofoepliatian Hhes may

e e

Itd HeMesiRk] £PipllbRavirsX afpldesovaius SHC Hepddnaishsat Bickertain
BNA nol ecul es i nclude t RNA nol ecul es r RNA nol ecul es,

embadimentsz theesiginoforgnkicagien it és wrgAvdth Tihﬁ inyentien {frisDNA Virus
R UIR0R oy V@(,oﬁéam%fréaﬁgu&gt Ay pjef@ﬁkfi Holfin@tC tieNgMBin of

elc cl ds Res:

reffdicatichr i8 Y2ri (edoPéhh Epile-Bir vﬁ'hs €éiBY), Bugicas, dlgt, briPAcad.

25 SCI. USA 94 13777 IE1)l3781 19972 Lavr osty! Y et .
§ig| molegyes @Q FXDESS! 101( fﬁ%ﬁ‘)‘s ﬁﬁﬁypnthn also

Tl qustsis
g&?t %‘9 i OIY}mCICGH@Eﬂ% eﬁbﬁt‘ encgdu?ng rgﬁﬁaﬁér?f?@a)tron facﬁor The

bozynes een used to "knockout"
repticaiss imtatoh factepedll foe ccagare of mecoguizingytbe iorigire bf sepdisation

t a?<|r1t§ 1ncrb.1cf‘egtw1 Z){lrlm -pg%di aqtﬁgf poﬁzﬁéﬁegg?elsselblg%?stgrtl{ a"i"ﬁeg¥h1rd
pgl%'nﬁaz&kela&%@nt( 61991%) ihverdl fnhPratdde, e ? phayplicatios éhitiation
u

réplicons have been used to express a nctiona
faqt@meywed ifienmprokary s orgahiss, epl@ryatie Ggardsm4p. g, ygasts, insects,

Vo8 e Lottt ke ak GORLEER ERSR HAt

n{dyb&mse@ siithahelpREdie inventiomizsdnatral R0 vl fasn b &N Aivirus such
thus wthin the scope of the present inventjon. The
apueLe .acHsmeawwm é@@ﬂ’é@%&uéx‘ﬁ? Adleneyirusy ot @apideradngyigs. In

Céllqylﬁ g&ltlbg othe(f ahé& 1r@t1§ﬁ)ﬁ Ipf?LtyiE] Hgéde\gfﬂll gl% invention is

an origin o I catlon.
chpably aﬁopﬁratt@dlsl a:ptasmrd trhaatterzace faetans dd avxprcfertetleembodlment
tlg)er rGeSp 12§t10|nn1\r/1?tlr;1ttllog I}aclt(r)]rcfsucijenvec? fr%m EpstelneBarr virus (EBV), such as,
e.g., the EBNA-1 protein, or a portion thereof.

The replication initiation factor (e.g., a nucleotide sequence that encodes a
replication initiation factor) and the origin of replication that are included within the
nucleic acid molecules and expression systems of the present invention may be
derived from the same organism or from the same virus. Alternatively, the
replication initiation factor and the origin of replication may be derived from

different organisms or from different viruses.



10

15

20

25

30

that are derived from prokaryotic organi sns,
eukaryotic organisns (e.g., yeasts, insects, or

worowmmissye and/ or viruses. For exanple, an ori gPer/@P2003/009291

replication that may be used with the present

invention is one that is derived froma DNA virus such

as, e.g., a Herpesvirus, a2Papillomavirus, an

Adenovirus, or a Hepadnavirus. In certain 10

enbodi nents, the origin of replication that is used

W t hlhhe éxexpitry @mbodinzenDVA thi¢ inventidiatucidic ave folecules are

epi,somal repllcatlo ) eferr nt, the

PEpVidich vich ArgpFanstasiesh 'bvsmfd ocingde Wﬁ]r%? rgypys (EBV)

st Lfeﬂées(lﬁ%Wecto?y Glthas; eg Ghose Qhdlided WRhRUAL SC?ﬂ%Céygtem The
ecul es and expressidn systems of the Invention al so

resuitpry seermplaty muiclel yanide Insdedudies @lfeﬂnentnvemmjdlang @pable of

t fact
rEEiSH PP abet S Rhopies 2piaaral mrePuS e FiyRmed host
cBnd.gin of replication that is included within the
nucl ei c acid nol ecul e or expression system The third

pol yrithe| @fm@@l@e@m@ﬁ@mwf@@h oy bartrdused g thacisgers of the
pgflygisa%/ | C 61%)6}}5 Q I l?:'lthkragﬁeo Br t\]:vgl tlé?ﬁenQ? t {' “E“:f)gteit{ B virus,

aryotic org

(@ﬁaé‘dl@ne drnsgalics WlﬂlalElIBlNAr 1 g&m’mﬂﬁéh pendﬁtqﬂasrmd usaaﬁtenﬁme The
exanp a replication initiation factor ths .20 q?y
oeslmg%wpmtwntw B 2 §Bracung searenesandsnesds 19 Re dnseged into the

Eﬁ[ﬁﬂ Getdy é%mléfhc%ﬁ‘ﬁ:u[iy Sorthinthg tﬂﬁ origidof reflication are able to be

r pesvi rus, Papi | T omavi r us, Adenovi rus, or a
nir:bmadnd\m celds eXpnessing rthearerpheathudlnltmmps fa«tthIEWh@bl neg(mnuzm the
initi n factor

oo b BgAe gt e dedom S E RN ERR D 6ER RRigT can be

p!r@vlaedqmﬁ Bt &IErihaBEduencd M heRhhE PlasPId bidani Ratpréided
factor erived from Epstein-Barr virus (EBV), such

imgrans bS C@ tngfth@n e 1ecpn@trquln:atn¢g on np@-.rqph@ntlng plasmid as
Al ek ALl Y vaftidisdl M ibaCH frepfgEaNA-1 gene

enco

ftomh tih adite@atelaopp. rBurﬂﬁﬂnétbelrﬂcfdr@irﬂerﬁf)ocﬁmBhﬂs ciabieOthah bA¢E copy
are included wthin the nucleic acid nol ecul es and

o sy s98¢n6A exRressangsthe repliatiqn indiagien fasiaine g oRB Ny 1.de provided.
P%F tegérﬁﬁg e ggﬂ@hf@@g&g@g&fﬁg BeKr roidedoh HheSH oY bHSmids,

Inrtiation facto
veltegeih meng rsbmi ror @fl of @pise phismids mmyadzbtldeaﬂly\cedlphse)the origin of

different or r fro |ffer nt. vir
SR AR EBIG BN PEPROBE 088 for Uepierting LG éﬁ%fably cell
1feb el oL gnf setqtlgnc'e MHEEBNAD] YR/ ﬁl‘t%rzﬁgdl ‘%{Yﬁ)ﬂ %Léeﬁ&ne The

are provided, which are construct by i ntroduci ng
preskiereaf s OaPranBEBNA/] sqqyerecﬁl\t) the seme plasmid remtlers replication

SRR LR Sl PRSP LR B 5 162
188> €QYRSS Vited, hELI RY &1L | Niyupd @13%@@@19 gf985), U.S. Patent No.
4,686,186). U.S. Patent No. 4,686,186 describes the transfection of cells with a
single plasmid containing the EBV OriP, the EBNA-1 gene and a gene encoding a
protein of interest.

Although such cell lines have the advantage of stable long-term expression of
the replication initiation factor and durable support of replication and maintenance of
OriP containing plasmids, there are not many EBNA-1 expressing cell lines

commercially available (ATCC : 293HEK-EBNA1 and CV1-EBNA1). Alternatively,
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5 replicating as non-integrated autononous epi sonal

nol ecules in the transforned host «cells. The defined
wGeeguemsses, which may be introduced into the vECT/BP®0®609291

the pCytTs system conprise, e.g., either one or two

el ements of Epstein-Barr virus, (OiP alone or

together with EBNA-I gene) %hich pernit plasmid

mai nt enance. The 10 origin of replication OiPis a

ci s-acting sequence and needs to be inserted into the

phisasds Hatvalehdy caey tienEBNAPI geind aisd therdeat of mgereli ia cis on the

origin of replication are able to be nmintained in

s¥B¢ [CRises raEe 456t te Hanyfest| Gellaapd rompnarsiat Vesioms aehas pCEP4

i e h [ r
(HRARReD SR PAERDIL iR U UrRY GERONT S 90 paitutive
eppressiicdmlf poiy;mpsdeg/carryumg)@ué‘l angd EBNAsleqlm ¢hrecepisomad cohsruct in

cBa BHETBARs BIPT T & TR ARAIAAUDRT ePREF are Yot applicabe i

RO WheRl deﬁﬁbkl’a%oﬁlg@ﬁﬂfﬂeg n@&i toWRldxpRSsddy Pproviding it
fromstably transduced cell |ines expressing EBNA-1

gene Tofquyrknawlddge gt md@dlblﬁowressxswmétpﬁnh@mg thecleatuggisrof a

r e than
ST Py BB BTRY o e EaBAET S8 penive o
ubBNAtaled IRNAT @qu&ﬁﬁ of ffterestX &iopl &, sEBNMtaiRN®NA molecule,
functi on may_ be provided on one or nore plasmds, 20
trgasFash by mumple temparagire shift, bas nop besn desersbadds nay

addi beﬁpﬁﬂé th D€ tﬁcfhgvaﬁlog'aﬁle frectt€R hg@%& QPid Afcules

whi ch plrasm s are used for trans ecting c I'I nes
viief e a’ahgmbedl to produvesa hRMA ialeeule thavinggqwe npen mfading frames

EBNA- 1 st abl r n |t enone. The
e e@@rﬁ@ndﬁa%ag gt wﬁlaﬂ %ﬁrﬁﬂ ayrepicAin e anaey 1ppen sfading
SWhidh LEARRS 8 rﬁﬁﬁbh@@@séqﬁéhcelo?ﬁﬁeﬂ:@p e’FH@Hﬁclé}E‘ aEﬂ&%olecules
ost cell type. (Reisman, D. Cel

ob: thel &Mnﬁ@n 11&312@@11@852) ;proma)tgs seqnence mhl(é)] dnquam‘:msenptlon to

Pafise PRAA polEaded baving cofifisoRapdies ph hSPoeen Tkagite Frames

Tae!hRNW §dyuences ioTdhe fipdtaspeh de BlaicNGe tphefelaBY GhnsRited to
the EBNA-1 gene and a gene encoding a _protein of

proshuee aseplicase reauiged ©udhe exdressionpddheBNA sequengey gk thegscond
Sl AR RL G G TR e R SIS BbL e

l’}@elﬁt&ieﬁ bé m¢res. bf addifidnPthe apttatsiongiphstigidof réphieation and a

are not many EBNA: Xpr.essi_ng ceII l'i nes
%mlryenea@aeye%awwﬂeis opignEErepligioik. EBNAL and

pcT/ ERUTA PBOORE 2 SRS mAyE AL S ihfseribed from the DNA
vEBMaddig'end RINA- depmd;penRN:ﬁ rephitaiopsivents ngaysoconr tohanplify the

rfﬂ%&% %%ggrggtragpgg gg%c{y%g o jgéulé:sewi starand polarity which is
the opposite of the first mRNA sequence.

The second open reading frame of the nucleic acid molecules of the invention
will preferably only be expressed after partial replication of a full-length RNA
molecule. This partial replication of the full-length RNA molecules is driven by a
promoter sequence composed of RNA (e.g., an alphaviral subgenomic promoter
sequence). In addition, the plasmid encoding the replicase and the gene of interest
will preferably replicate during division of the host cell due to the presence of origin

of replication and a protein factor recognizing the origin of replication.
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(I'nvitrogen) are avail abl e. However, current vectors
desi gned for constitutive expression of polypeptides

w@20009183g6 Ori P and EBNA-1 on t he epi somal conspPCT/EP20031009291

5 cis and wherein the expression is not regul atable or

i nduci bl e, are not applicable in cases where

cel | -toxi ¢ pol ypeptides needto be expressed. To our

know edge, an induci bl e expression system having the

features of a self-replicating DNA epi sone and that

al | owshilehthe gune efSigicedst My de patodpe by ithtesamie RNA molecule as the

untransl at ed RNA sequence of, interest from a

RONA-flepeagdent SN ArgPLIRRE Profeai this geneay alsg deeagodsyl by a separate
APLRIGITPET afthise 8 fifivenllds ABthePCBRVIRE CHoRF Usingle- and
rtain enbodi nents of t%e Invention are directed %o

mlipleivectasi siystemise forl expresshigch gene dfr mtegesti béwesver, while all

roduce | ecul e havi ng fwo.open readin .
ol Rifbetscd rg erathy souBnag SUaMnG! FHARE i b ESAC SaEYling the
rdptRhii e Riatioh $acidtAhiiebe OPEBepafACpRSMid srafi@blyviit€dtated into the
encodes a nucl eoti de sequence of interest. The nucleic
gemdiroe ofithebodtesll.15 of the invention may contain a
pronpt er. sequence I C rives.trapscrinti .
prog§&85WﬁEﬁy ‘Fé¥§?%%&%§%Fﬂga%%agﬁé%Eé%dgﬁgéégo e first gpen
r&ddaly fraaeithe sédoadBsicleollfesainbite €l dampetents of the shinesiucleic
open reading frane are preferably translated to

agidonpleenle, thepriein oF rerlicationand ge inpiationfaeles dihussalt gE the
C . i f: .
SRR RIGRS 2, HIRRSTsoRen MG SRR wlf i
ampliic2dnped yeeghedlinsa ghgle ntdeieatid tholeadel (itd ,dPNAtdTRNA).
vectors COPI in an ori%{n of reglication and a he
pol y N PaRBIGPESUSHIT Nl RE (5 INgPRIQ SPRpFEarrogdine the first
oFb‘ﬁ tGing RS of Q@o-ﬁbf&hs HRNAL Rl 8R4 & oRd 9ubIBSHe sequence are
ranscrirbed fromthe DNA vector, additiona
cBRiNpontapeofdffereRNudap latid andlequlesy dtese maltipde-yegtor gystems thus
anplify. the first NA sequence, and. t o produ Rl
Fesgiiist Nip on A OB ook TRl Sxh8e) i riPfease and
IRPRES bE ifferdshRah i dash HERRMvoTEd WM E-ferdl eniteio nididd pRlecules.
readi ng frame of the nucleic acid nol ecules of the
Haweven 2 yectafs| maypetain ab pygigef yemdiaéqtpr essed af t er

part ivgy.. i j ul | - . e

o L\ 58] R, Bl LEDBLY S ipin of
nﬂ?NACﬁ:dr?Shd sudlkic Wed nyleaule pf theidwventise ghe proenatanis pseferably a
of RNA (e.g., an al phayiral subgenom c pgronoter, 30
cgaﬁm@wee}@\%% rPABaFRS O] RIAROBT 8€d d oé?rﬁam? h¥irus (RSV),

i e.: o i t H 4 2 .

BB AIZ R0 o A5, ol PGS Bk i
(MRSABNghicoforticaidi metadlothienslin, cHeripen sampelexa vpuottbymidine kinase

(B85/1R01 dE6R TR0 DB LHIY poHouke “haifiary Tumor virus

(MMTV), human polyomavirus BK (BKV), or Moloney murine leukemia virus

(MuLV) promoter). Additional promoters suitable for use in the practice of the
present invention are known in the art (see, e.g., Lee, A. et al., Mol. Cells. 7:495-501
(1997)). '

The nucleic acid molecules of the invention may further comprise a fourth
polynucleotide element, wherein said fourth polynucleotide element comprises a
selection marker. The selection marker may facilitate the cloning and amplification

of the vector sequences in prokaryotic and eukaryotic organisms. In certain
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Wil e the gene of interest may be encoded by the sane
RNA nol ecul e as the RNA-dependent RNA replicase

w@e@ueisspe t hi s gene may al so be encoded by a SPEEEPR1063/009291

RNA nol ecul e. Thus, the invention further provides

both single- and nultiple-vectors systens for

expressi ng a gene of i ntere3®- Moreover, while all 5

pl asm ds used preferably contain an origin of
replication, the gene encoding the replication
embbdinghtsp thef etection maykebevitircoafes eqzmtatce tcp) hasmpdund or class of
stably |nt§grated nto the genone of ost

C?rﬁpawgsnfgac a5 8B @ptibioliet &M SRR RN ’&ﬁrq‘eggl?uéﬁ‘b Bg used
gindBlelc&id HodcuRReRd &BAALIDE s§§t@}H§3 of tﬂ%epr%ﬁ:@l@ 'ﬂq'entlon is

nuc eotide sequence are conponents of the same nucleic
ofi® tlaectucdnfuﬂ ssistapee th eumm;g:um z@lﬁem@meim atleotioramdrkenemay be
ti factor Thus onents
ity hte iost Faghice d mPmyEio s SENBYEnaleyin, ovabain
bladti @RS tor 1601y 38, MbH maAKeRk | sfubl@aelsl DHRF, chignirpBNed dlitamine
single nucleic acid nolecule (i.e., DNA or RNA). In a
sythetpsst e- vector system of the invention, sequences
enco
sub- g’g@ gpé ?s ét?)léo gﬁﬁﬁ dﬁlf aaﬂ{ﬂgcglé%lngﬂm ?eo ! arger for positive
séléﬂlb(ﬂrmebaafeﬁal Hdst Cﬂlm!mlezm E. afli chigih efeeplicaticd Giec, GdEd). A
nnlecules These nmul ti pl e-yectqr, syste t hus
cersidretle npmBert { Spaneacrn fcerBe adiigonel sleciianmapgFs and origins
of ¥EHR &Rih B35 5y D8 BBRRIOS. Jr 2l CEaS! MoRRC
each gg“%%%%ﬁgd By %fffgggnignuclelc aC|é mol ecul es. ULAR
CHoweis A LaBOR¥EEROMANTRYL, Codt editiorarCad iSpring diarbor Laboratory

PSR Hiser Faney T orobD: St ReR 1 Pl . CORRENT

PREEOEHE IRMSLEFDL £EBIG 0oly, 1di H.MWeley KoSonst 1@, @09TNL er
is preferably a constituti ve RNA polynerase I

pr ondie ;nu(lglcgmd mglggul%mgbmrqgsqog§y§tﬂgs/pf the invention comprise

o 3 RIS R e Berb € el € LR Byt said et open

réiduofiame i 1eeing, a matlabﬂldﬁ baqne@aenencuern@es ralicmee . ovj AU RNA-
thynldlne ki nase (HSVIK), human |nnune defi ci ency
demndy ROV ePGrimery t her fitst rpgleptde MSRNARCE hifa%n In certain

CH]% X%{%Eg C% (’1@5\5) m’icp 5 Lg‘g%% ySC éﬂCQ? alnﬁ :jmo% se% €nces

Vi rus Ponot e pronnte S suita
cbmmnmga subgeﬁcemplpannotexe of the pr esent invention are
the art

K .. Lee. A et al., Nol.
Sor ) e Ty iebrdet Fuy yioTrierases bfloodd b péed Dbl dwesent
119fen¥19§ nﬁa&vl?ent)f Qﬁal”&YglflUrfﬁbeRl\@QHEHénaﬁltq{Iﬁﬂuﬁdlﬁneﬁge may be

pol ynucl éoti de el enent, wherein said fourt
dpovedy La:g e ditoinal evinmis espdested dropr |tlses greup semsesttngonf nﬁqcb@em virus,

T e selecti mar ke f itate the clonl

15P% G SRR Ui G R BT R P R By, For
nidtgart Wieag, YokthE vafug ARlySYBgachNvie®y, tMhybaro virus, Middleburg virus,
Mucambo virus, Ndumu virus, Pixuna virus, Tonate virus, Triniti virus, Una virus,
Western equine encephalomyelitis virus, Whataroa virus, Venezuelan equine
encephalomyelitis virus (VEE), and Ross River virus. In a preferred embodiment,
the RNA-dependent RNA polymerase of the invention is derived from an alphavirus

such as, e.g., a Sindbis virus, a Semliki Forest virus, and/or an Aura virus.
In certain embodiments of the invention, the RNA-dependent RNA

polymerase that is encoded by the first open reading frame of the nucleic acid
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WO 2004/ 018506 PCT/ EP2003/009291 -30 enbodi nents, the
sel ection marker wll confer resistance to a conpound

woronaloassse of compounds, such as an anti bi ot i CPCHEP2003/009291

exenpl ary sel ection marker that can be used wth the
nucl ei ¢ acid nol ecul es and expression systens of the

present invention is one tB&t confers resistance to

puromycin. Alternatively, selection markers nay be 5

used that confer resistance to hygronycin, gpt,

mtﬂemm;l rf Aeodnventionawil nbe &lmatdypdihic ENAbdi@emyem NRNA
mar ker s such as, DHRF, hi.sD, trpB, or g§uta
p@izfm%iease her RN Adspendente KN4 pofinsrase @ ,aﬁlrs?rem\rqlm be a

tiﬁéér%@%m@é RRFA fd@ﬁenﬁ@ﬁt‘ RNX olﬁﬁér%‘et 'I?lrbthé? SRR ﬁflérﬁé the

t cel an E.  colil ori replication (1.e
RboA Htpendant RN A polyntbeasabhay be nibeon o}ﬁols@hpae feogerature- -sensitive

ng, addi.ti onal sel ection nmarkers and ori gi ns of
Rﬁ%ﬂd %ﬁ%ﬁﬁgf\é’%m WA n the art (see, e.g., Sanbrook,
J. etwRén the RUSA-depbddERURNR pdH:frblabiGhat's leABSIBADGRNe first open
MANUAL, 2nd. edition, Cold Sprlng Har bor Laborgﬁgry P

reading framst of e nageiraacibrmolpeles Ofi dgojnvepiien e la, tempegature-

g Osf%v"]_ﬁﬁ\ﬁ'fi %Rgggl\rgﬁg K wﬁ% é% Wgé#ﬁgerﬁhlgﬁ@@]ymerase

na@i de.p0| Bowdl esplivast expvies sit oengyesdtews flowhedidivat ilom or
nprise a first nucleqtide sequence conpri

upfiﬁ%tg%talasewpk@éam@vw &P SaPTdabeYest Lo rertainy e@gpﬁh@ems the
tdih s'eﬁgtl@e WA Q%kmrﬁ%g Eﬁyﬁl@ﬁﬁg' WAl %e one that has
, epen The

replicase, e.dg. RNA pol yner ase.
réplicase zmun/itg(at BéﬁC wdmphesl atleast\fjvei foldclomenithan the replicase activity

gggpd'nggﬁé, al so comprise 5 and 3' cis-acting

&he and junction sequences 20 containing a
subgenaried RERARING whidhSorffVa aeReRdpathicMnO9hY BRY AS&Sthat
that can be used with the present” 1nvention may be of

am mathe msp@qne (Fpethrprelingresidenat mRNNOp JR§ ierepkeedraith jpeserine
OE oah eugltnI 551 1fle') E@@%}o%swg ukilel e%etﬁef ! o”h¥ctﬁereg&er URe replicase

bassou ViTu
p%teiﬁumueytapathﬂrcuweﬁmt el., quiife enaepaay qrmﬂ); Dr$ga et al,
Vi rus, gan virus, Getah virus ach
Kialess) 2086300987 oA EaOuTeBhar GG 451395000 BUBOR). In
a}lllhftlléﬁ n‘hﬂéﬂgﬂs \ﬁl{fﬁe 151!r3<d{f3@d &{ouﬁie rﬁ}%{éﬁf ?oééh%{ﬁm signal of an
rinti virus na Vi rus, stern equi ne
aaﬂraepiﬂaiepmesé mthich diintinish tMﬁat)abﬁ&levrlep]umn bie reez umbdifying the

halo elitiis virus VEE Ross. Ri ver
dﬁ%ﬁfglow AT dhe, replicateaeneading GIeHRRC b%tﬁselpﬁze g¥oekg@nand the

nBN%uPQRM{E%B&?& Rl VirBl%)g&QY@@SQ 881 gﬁ%@ rived from an
al phavirus 30 sUch a$; e.qg., s virus, a

Senl iMutaffonsewhichirendsr aanergl‘l@se aannﬂumalshnqr mgy be introduced by a
number of means, including site directed mutagenesis. Additional mutations that
render an RNA-dependent RNA polymerase non-cytopathic can be identified by,
e.g., random mutagenesis and screeﬁjng using methods and techniques that are well-
known in the art. As will be understood by persons having ordinary skill in the art,
the identification of additional mutations that render an RNA-dependent RNA
polymerase non-cytopathic, temperature sensitive, or both, does not require an ability
to predict the structural or functional consequences of any particular mutation.

About 20 years ago Weiss et al. (Weiss, B. et al, J Virol 33:463-474
(1980)) established a persistently infected culture of BHK cells. The mutation
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In certain enbodi nents of the invention, the
RNA- dependent RNA pol ynerase that is encoded by the

wo 2oogiisspen readi ng frame of the nucleic acid REQ/EP2003/009291

2004/ 018506 PCT/ EP2003/009291 -31 nol ecul es of the
invention will be a non-cytopathic RNA-dependent RNA

pol ynerase. The RNA- depende®t— RNA pol ynerase nay,
alternatively, be a tenperature sensitive

RNA- dependent RNA pol ynerase. |In other enbodi nents,
rédpensiBblAod ehs nplenbtyRblhas obegnereaaelynalentifedr (Dryga, S.A. et al,

T N LT TR e

tiafl&kiptisn SRCRABEraRYe shits W dsSber?iR by Bage A8d PraSx2h (Burge,
the nucleic acid nolecules of the invention is a

B. Bhde Pfeflieriom, doRs i Hitalegy RMR Bedend €66)) RNAdpssHiped inamere detail

t RNA- depende ol : , have
rappreal Gt & o8 PemerLe RN B i andt ow

or 1QeHipdRhaet sdsRivitgPldsy angy abd i dontetred! R CeimpbObg. the
In certain enbodi nents, the tenperature sensitive

il ntie mutatien oy mephsenevf the seplisate. ¢ Rigferphly, mutations
L ESTRE A EhE ALl MraC R pd ol s MR in o

prteihein roeehphashaditativnsgrodn En(Leoind er ab Hdnrady bopadhiel1 (1990)).
henotype are those that 15 are in fhe nsp2 gene .
Fog SYAMPlE A IFIRSFA G- SR Yt BN RO DG ST B cogrods O EpngingqCly

Bt dF Aspaefo Bfu. oAdéitil)Sélfr:,", NRy ' RRdrdHRdatiof v Bich HR8d Seplicase

known I'n the art which render the replicase protein
antvitycietmppriture-cerfsidvesmndte wkd jn the praatiok of 88 id8ntiv7i4 Methods

f&égr%g .ga?rniﬁaenef‘lﬂ(t jaglgj'rgg\{ %%eél Lol é’%‘zigp%ﬁ%&%?ﬁg )d;escribed by
Pasrké AN, (Bitdeat AN SPRBKREN, | ViFSIdUS@d04-01 9(1D66); NWuk AT and
| ocal i zati on” si ?nal of an 20 al phaviral replicase
Rigffeskorai Hirod SA:2d 6,228 1(19060F Oleer megshedsovilldye, appregiated by those
di-fvi t.h dj stribution of the replicase-encoding
Oggﬁdﬁ%%%g%gel?\%eeear#'t he cytoplasm and the nucl eus.
(R kKRwhig mbstaltempeyattufd-gyitivd Smatadts3Gie ("HIP6)sensitive, "cold”
Mut ati ons which render a replicase non-cytopathic ma

spesitiver eigtierars ple knowvmere grg- mieter, Pned ¢fdi/tyslei gids Res.
ﬁ!éoﬁ%@%@@@&?ﬁﬂ%%?wﬁ?d@eﬁ%?i 1TY138%1898519 }Do%ﬁns, J.et

render " an epéndent pol ymerase non-cytopathi ¢
aad. Bizol dErfi0SAi%064 (199979, BatfersoanBorer aiif dgBivé sCherandV2:27612-

[ i ng nmet hods and techni ques that. are. well- ..
RREGHS R, HEe dtnperatiisamsioke AR ST BOLF b GaNSBG sensitive
aR@ ¥ ROw Il é’dtz{l?ié/RNﬂ kdplit&idnhéhlfat tempebfuded @ithérf Aot bPBelow

of additional nutations that Tender an RNA-dependent
redttictive temperatures. In one embodiment, RNA replication occurs at detectable
levels only at temperatures lower than 34°C. In contrast to all previously known
regulatable DNA expression systems, the basal level of expression in recombinant
host cells containing the pCytTs vector in the inactive state at 37°C is below the level
of detection using standard methods (e.g., those used in the following examples)
even under condition of transient transfection. This low level of expression is
apparent from the data presented in Table 1.

The production of additional temperature sensitive and/or non-cytopathic

replicases has been described in the art. (Lundstrom et al., Gene Ther. Mol. Biol.
4:23-31 (1999), Lundstrom et al., Histochem. Cell. Biol. 115:83-91 (2001)).
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pol ymer ase non-cytopathic, tenperature sensitive, or
bot h, does not require an ability 30 to predict the

wareoissn@l or functional consequences of any PCT/EP2003/009291

particul ar nutation. About 20 years ago Wiss et al.
(Weiss, B. et al., J Virol. 33:463-474 (1980))
establ i shed a perS|stentIy—3hfected cul ture of BHK
cells. The mutati on WO 2004/ 018506 PCT/ EP2003/ 009291
-32 responsible for this phenotype has been recently

M&emdrf\kf@lﬂre(s&d @@ alpBavirused, tied results\dbtadtedgyt ode 8ypédf@havirus
(1997) Anot her mutation allow ng the regu| ation_of

cp eTtEiRRR used enaredichthegrsulis obtairadap At lRifavirpeesyghat is, the
AP YR 1 R gk A Firr

cmaﬁhlcbﬁd ohe diphayirdettgpd maﬁf bg/ wéedng identdl . or( xteatega SBnilar

et S 43.1188-1 .
Spdrii iy s Sy Ry beeRRRE rltes e SRR Aty dnis
abﬂ&* Q4 waiik® nan}fr)arf" t@“t‘h@tHléH‘ 1év@1 bh §ecﬁ}%ﬁée gRnft fygf)b%eﬁ%d among

i case. Preferab y nmut ati ons whi ch con

atmmwsageupmes esiscidllyan dedrisplgsec-apeodingessanenase (Weaver et al.,

el ERsR] GovD Sonh P & Wi 7201 FRe 1B By

TN B007 908 PBI6). ur e- sensi tive phenotype may be
conferred_ by changi ng fy 153 of nspd4 to du,
Addi fn gerein 9mbg¢1weat5htéae Hetnaeleatida tearence depmeprising a first open

AP, T8 RN KSR Il 5 0o

nutleatidengeqaenel (tentprisitig@. gnew seendeopenu readsgnﬁ'amb vamcoding a

d bed Pf ef f
PPPEEPUE G, COVRISH OTaOND GBS (SIS 2B Uiy 1 such an
u%ftﬁcf% ek Qé&nd\ﬂuf:fébtldeg&qagﬁce%g%' §akBOBIth cisARE s@iﬁle'ﬂ@éisand a

be appreciated by those ‘of ordinary skill in the
5élr€tg10rMWhiCb mlubtts tremgbasroatafrthe sespuende qfentwtsanﬁbe ﬁm nucleotide
"hot" sen |t nsi t

SRQUENELE %agle so codgg hmrnuc 1C aé:{d %olecu 3\%}?1 %gtle cren ﬁlan the

sB&smd m%ﬁ:oﬁ@é%'s&gﬁnéelg@(%gshcamh h&d thans@tiomlof ithe) secGﬁH lnucleotide
Sci. 111:887-8 (1998 Doedens, J. et 20 al., J.

sequeste 17 1thposwlByeors1 oM @at berregHatae by tgmperature if a

t%hﬁ_ga s%Hémgg ﬁxgﬁ{ﬁ%méﬁ RNA é&@%‘ze}e}s ish v,lik%

ure-sen replicase-my B& o]d or "hot"
sens lAddﬁﬁ)naﬁﬁdltdthS thdt IréndefaA[RNA-depéhdepPRNea bolgmenisé yron-
at tenperatures either above or bel ow rictive
w@@a@.‘%ttemegrat%swaw@mdb%nean lqeawe ?i & g€, random

hnd'GL B APUEne IBURLS R KAl SR WSown jn the

contrast to al reviously known 2
artegufkatvﬁljl be mﬁemtqodebﬁlmo&yshaeng othmarpasgall inethel adf the

RBSaT MR REIE 958, SEULE, SSTRRAMRAY ra
ﬂoﬂ@nér&‘s’éﬂon-cytopathlc, temperature sensitive, or both, does not require an ability
to predict the structural or functional consequences of any particular mutation. The
identification of an RNA-dependent RNA polymerase that is non-cytopathic,
temperature-sensitive, or both, only involves, e.g., the generation of random
mutations and the functional testing of the replicases that are encoded from the
mutated nucleic acid molecules. Such screening methods are routine in the art.

The nucleic acid molecules and expression systems of the invention can be

also used to express of more than one gene of interest. For example, recombinant
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of detection using standard nethods (e.g., those used
in the follow ng exanpl es) even under condition of

wo ec@apissne transfection. This |ow | evel of expP€FEPZN3/009291

is apparent fromthe data presented in Table 1. 30

The production of additional tenperature sensitive
and/ or non-cytopathic reptfases has been descri bed
inthe art. (Lundstromet al., Gene Ther. Ml . Biol.
4:23-31 (1999), Lundstromet al., H stochem Cell.
hBitotells 1ddm: BS1AdsfeA6d With nire 2084 /0Bd 8hlfeic acid molecule of the
PCT/ EP2003/,009291 -33 Moreqver, wWith respect taq
lwepnmuwhf@@g oneppucles |Acids replecil, sacqdss dw&h g geplicase and a

f I

p@‘g@ aﬁ}/de nte aep?l e;acﬁ a\g/i} irf%cg%g tagl_ld%tgging’&s %nﬁg ch&x#d! ddfitional
poypsaptides oﬁtnmesto&mn]arm, mties nithations cemﬂferrirg rroaapd}dt@;aﬁécity and

t enper at ur e-sensi t / or non-
PR S b el B AT e SHepai R0 RePdsso P suitable

nﬁhmdn@r g tP%m% 8LUeape NIt GIVel BNGOm RpPy ﬁmycbea;nhgegarate
replicase’in a different al phavirus. This = abil

nnelet asit] miotecplgs.t Addisionhlevatiagihng would bﬁarmwu'eméﬂose Skllled in
¢ tity observed anong al phavirus genones,
léesfgci ally in their replicase-encodi ng sequences.

( V‘Fl@é/ﬁliclﬁé a@ild-molechles\ofr 1Bk ifenfids nfa3 3] l@Rin pSEkagihgatignals
J. Virol. 71:818-823 (1997), .Kuhn et al.

J.
vxhwlmduec;othqg:@gkagg@o( f@@@)t}leleq@eq inte oriral jparticles. These RNA
nSTOQRTER e pliEedd it HIELROL b GiRETHE Vs OF QEREHS! Relper

rst open encodi ng dep end
vRNé\RNA yKEHImﬁ()anﬂrmbranaﬁ o8 anade weithetht |delveelsmqm o€ defectlve

helpe B Agmalteih (fkhoads Pareilodnt o hod B-Badb US9aDabese
W&llﬁ%@ﬂﬁ% EortRh 6GHh &R dusiied ﬁ&ulrécﬁﬁﬁa{@ﬁﬁoatﬁ)ﬂ &f the full-

secon eot | de sequence may carry both cis-actin
letiugacses piordpraddd, Sid subgemminiRIeA prothotor mluences which drive

o i ion g B TR o o EOLAAGL Tyl sfby g both

RECA dmoRkgley!| \eltmaﬁkhgug didnbRr and th@ adefédife 1@ Ndlirus RNA,
e

nucl eoti de sequence plication and translation of
atnhevgzdcmrdstm@ueloptoa@ns sHguefigereplicationsand pmplifieatiosr gf the

he re y
N T T
sttﬁ@tdral Hotbid t SiavalthenkieRlet arintis tRISA fa@hsﬂ@aclagmg signals, these

RNA- dependent RNA pol yner ase, non- opat hi c,
nQlpgdasATe p@t ga@h%geéulv@ asgfmipled Nmoeanﬁa@suvm parfiglgs pypduced

11?1 s ﬁ'aqsn&ﬁ_k/ l{lﬁiaﬁé&sp LGt me gEEE Redsterest

hni ques t at "are n the
avui,l genbnallymmr%quﬂlcm/regemexbfm tetmparatgreesedsmm ;egslaitlbh off gene

! grgtss%xtb n"géqse aﬁlll dent iyfglpp%a]téegﬁ? R%@\mo eculed do nortncj:gn Eliinosre]auences
encoding virion structural proteins and, thus, undergo only one round of host cell
infection and are not pathogenic.

Non-infective packaged RNA molecules can be used to infect a culture of
suitable host cells simply by adding the particles to culture medium containing these
cells. The preparation of non-infective alpahviral particles is described in a number
of sources, including "Sindbis Expression System", Version C, (Invitrogen Catalog
No. K750-1).
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25 pol ynerase non-cytopathic, tenperature sensitive,
or both, does not require an ability to predict the

warooissn@l or functional . consequences of any PCT/EP2003/009291

particular nutation. The identification of an

RNA- dependent RNA pol ynerase_ that is non-cytopathic,

t enperature-sensitive, or both, onl y involves, e.g.,

the generation of random nutations and the functional
testing of the replicases that are encoded fromthe
300neitexemgplanyl cdpplicatmai df rnthisesystans . is Sdicdrtesk te ehe nigmperature-

met hods are routine.in the art. T nucl ei ¢ acid
ROt reestion g OB packaised BRA HEEhrsn e pagkased
RI€A AoRRults efhal Ob&XRb&SRdOby NBI Burthb@N 0P NResBNehcPlding using

interest. For exanple, reconbi nant WO 2004/ 018506
reCMHERRO 0BH00EIE0 tontaighbre diderent oueleigeadid aneltedesede.g., a

wi.th nore {han e .nucl.ei ¢ i.d ol ecul fi.t .
Hb A RbRelnar of R R iaf§ el S5 bfiushlge heter
viras RNA &ec{h@xﬁﬂebﬁﬂ&%xaﬂﬁle@on@@ﬂ thpepiuciiec @fid moleetkes wikeacode,
addi tional nucleic acid nol ecul es nmay. encode

ecebd P | N A mojrsulep ahidhd eentains i packaging sigmahispaienges, \iR@yFEnces
| - . .

i Q5 SORLEHI MrRoRSXLAARO LR Be gope o v

Thel yiheptnudisc heid myolswil¢ abille comaimtsequencése egeqdifly calpidfiral

Sse%éﬁiagtpggtgﬁaa ogxfngtrég;l ggqqﬁagcﬁglgg?ﬁgéagg%gggq ?)pomoter. Using
sﬁa{@H 4 sitéi’lli‘,svir‘ﬁlpﬂérgclgg c(ﬁﬁﬁﬁlfn%%llyt RNtARSRcSIKE Witk PatithgideEenals

rt. The nucleic acid nol ecul’es of the invention may |
vdllde produced rat peokissiive tenspegatates in Tecomhindnt diostecsilst Hlds is so

ackagi of . RNA molecules into viral particles. These.
HRRASE PP B SR S pietia g it R PR B gy PeERSive
t¥hp&atuded €ANditibSal QaristRing Gff itheattnt RRJuld Bé bpgsarddilo ofie skilled in
signi ficant inprovenent was made with the devel opnent

thffartlef ecti ve hel per RNA nol ecul es (Bredenbeek, P. et

al ., TLI'C ééc&?d ] uéZot? Sge' g?éc% {th? ?ég)iAclu&gﬁevcbﬁhin% nycleic acid
mol ecUled “¥0hfar R Cl ss ac i Ng sequences, required Yor

nic@pdul@aind exgtssidnesysténs 36 theeltgehtidn angcld, ptd. pa second open
product, and subgenom ¢ RNA pronbter sequence i ch

repding frameen@sz@pésasp%lwpwldsheg SELANG ORSAJERAIAE JEARRSs May,
FEgRATRL e BapEALS (TN Ao U SR B
viRi\variety phawdleaidesequestasudtinterist gadiesixpsessdd lpwihe ancleic acid

replication and anplifi ion of t defective hel per
PSR e B B AP PR dFLIBESY (e Dut ae
bt [ilnRd &) s&duleHEds haddikl RhfphbRinesSichoRinefQokias, RAFyMéS, Pfodrug
RNA | acks packagi ng signal's, these nolecules are not
conei YR Enzymes, aaigets e‘guqh stigniate Tmgsineyrespanses, single chain

B PUBEEHEC e SRR PRSI,
necrosis factors, and various proteins with therapeutic applications (e.g., growth
hormones and regulatory factors).

In certain embodiments, the second open reading frame (the second
nucleotide sequence) of the invention may encode, e.g., a cytokine or lymphokine
(e.g., B-interferon). Hematopoiesis is regulated by lymphokines and cytokines which
stimulate the proliferation and/or differentiation of various hemopoietic cells.
Representative examples of cytokines and lymphokines include interleukin-1 (IL-1),
interleukin-2 (IL-2), interleukin-3 (IL-3), interleukin-4 (IL-4), interleukin-5 (IL-5),
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and, generally, other sequences required for
tenperature-sensitive regul ati on of gene expression.

w(ab@g®18306- i nf ecti ve packaged RNA nol ecul es doP@DEP2003/009291

contai n sequences 25 encoding virion structura

proteins and, thus, undergo only one round of host

cell infection and are not3fat hogenic. Non-infective
packaged RNA nol ecul es can be used to infect a culture

of suitable host cells sinply by adding the particles
ihterleukin-6r @L6dintsticakint 2 (I- T intbdsakin-8 €I1L-8), ihk@leukin-9 (IL-9),
preparation of non-infective alpahyiral particles is

la‘éfsl%l%lﬁélbée (1), intetbakimdl G- Sy pterieukimb? (k. interleukin-13
L Sf Clster[GHRAPEE @B BB 1 2 O 120 bR o 1O

int3ge\Rire 12 XBEixp T a pyanajpelicoal onyrstinfulsthigsfastps (@31, granulocyte-

directed to the t erat ure- dent production of .

ST POV SPHATG A RRKONG SR BacroRhEE ColoBksGadating
1Y) 23 ifRMeldgs.Pr oduced by a nunber of nmeans

i ncl udi ng”usi ng reconbi nant host cells containing two

di f f dn eegrtainucdrebasliments) s eseednds open greadiag Sframe| ghe second
acidf%?lecule oﬁ t he iqvention and a n éleic ackd ted
IRGieRUd SIRHEY R eI K e 98 ] FRse Rl JUERTE) 1 §ofccrete
atRaHAP bRospAR@se)f cyitblaenio ek ghds @G, erod faste&Sntbrotein), or any
encode e.g., .an RNA nol ecul e which contains
nyEbREef Ater Prtins with therapaitic spglieations (e &nbvm@an gnslin, human

cgﬁgﬂa%%qggﬁgkﬁn tenperature-sensitive replicase, and
t gene of intéerest. The other nucleic acid nolecule

wi | | Thentualeit &id)meiceks and exprogsial pltewisr@lthd thvention can also
structurallgrot i ns domnstrean1fron1$h al phavi rus

b e i EXSPSTORISFOlogRSn GPaUETith SROQYIBE ey Ojey Polypeptides.
QRbLE! oLy BRI el OBORNGY TRREHY CbMi BelhEK 3RS or

signal s be produced at perm ssive tenperatures.
metabodisonbi Represehative cxhingles Tofi $oxiss socluéke cHugeda toxin, ricin,

| phavi r al. ructural proteins wll .on roduc .
pRIgEe i, Tl i P PG e B T s
thyiRidaROKRaWO YHEY VITR ) ap iRt othét emBodikichtseof ithis ihderftidf, the
art. The second nucl eoti de sequence that is included

hgiergipgousisequenes encedacd Arodms QaYPBIRS gAZYTBS pAdadryg converting

. t ] ' ] e . e
U Pt ARS8 T, g By P gl o
Rupeientaivt exaniplanate MSW, TK, allliatihe phosphhiisgguanine phosphoribosyl
interchangeabjy, be referred to as_a nucl eoti de )
tepgsfgres® and episH lin-ds amidase gExgnaples,of hath gyiotoxig pelupgntides and

AEMETSSRSHe LR B0 IR0 BEShh dud [ ikt
RGIWERH7/66010THES 73 6t8e rand sWith26/11d@72. Hut additeon, a vast array of
signaling molecules and membrane proteins are toxic if expressed at high levels. All
these molecules may be suitable for expression using the system of the present
invention.

The second nucleotide sequence of the nucleic acid molecules and expression
systems of the invention may also be a nucleotide sequence encoding an untranslated
RNA molecule or complement thereof. Exemplary untranslated RNA molecules
include, e.g., antisense sequences, RNase P targeted sequences which induce gene

down-regulation, and ribozymes. Smith S. et al. (J. Virol. 71:9713-9721 (1997))

describes alphaviral vectors used to express ribozyme sequences.
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not limted to, sequences encodi ng | ynphoki nes,
cytoki nes, toxins, enzynes, prodrug converting

We@emyessp6 ant i gens which stimul ate i mmune respRCIEEBR2003/009291

single chain antibodies, polypeptides which stinulate
or inhibit immune responses, tunor 25 necrosis
factors, and various proterA% with therapeutic
applications (e.g., growth hornones and regul atory
factors). In certain enbodi nents, the second open

r eadiThg nutleiveacid helezelkeadd expressiont sydensafuka dfkntidn ¢dnealso
i nventi on may .encode, e. i ne or | ynphokine

A yt
beeisgd fo exprefseristealynany mgﬁﬁpagﬁf%@ggmg;or&%@m% Bayegipt as yet
blgé(rgﬁ%?{fﬁ&?ﬁutaﬂg efdddel 37?1 ; Ytigd se?qgeﬁ‘éeb rI‘]dhl%lrfédtig,efor example,

erati on and/ or erenti ation of variou
chaNYo pibraztes or debtl s:ll cliRemossaest aEkamplexdsuble polypeptides include

cyt oki nes. and .| hokjines include .interleukin-1
SEar ) Oiein A SECIRER. BT iy SPleh FORFHRGpL (Hoggrologous
sk ﬁ&éseékgyiréiséh by khethectdRtTthe Ykiention @hxll-'eﬁéode_\/ﬁl)épeptides and
2004/ 018506 PCT/ EP2003/ 009291 -36 interl eukin-

RNA- gipleciilgs frdre ukdmbumgn |spgoies (qigerqtherk mamengls,| plents, fungi,

interl euki n-9 (14-9),. . interleukin- 10 L , .
oot ey | (et N Bl Ty pcode via
nhéthstahe pidtdins (e, HIV-gb350) dmiiedllpelyprateibd (6.l -Siddbis structural
interleukin-15 (IL-15), interleukin-16 (IL-16),
Drote®e)- euki n- 17 (1L-17), granul ocyte col ony stinulating

f act %uc(eg‘ﬁ&s@qge ore@%%g)ﬁeétormg hQﬂ&é%id b18RMes and vectors

stinulating fact macr ophage col ony
of ttheridvantiorgwhichaesult {IMHESHpduaiod dfre Grsfar progein.| For example,

certain enbodi nents, the second open reading. frame )
SpEth SCRUERSHA AR TEPB0 ATHRD S8 SRRMSICGY WRID Ryisad B rgtein

RPERE Dy HEEME b thi&REHB T 0hRY One oS RGFEfuBE ol KRrhdiristics upon
phosphat ase), cytoplasnm c enzynmes (e.g., green

the expresstamrogucst diheje amimozarid d@uenaehanclede seghences which will

roteins wth therapeuti.c appligcations (e.qg., huma
(St P end ittt 195 288 FooR R Sfgh 0k 1 ferdhseRRD o o @
sabdedlul® | OfiphRmedN k. £X Iﬁieeﬁﬁdla&%.sﬁicﬁr@nﬁf) 4@ sequentdsi fuither
can also Dbe used to express heterol ogous sequence

ingledriseayeneps whiski facibts parpicaties (e.g oy sk Hisi "¢ag"). Depending on

ISR LG PR LA et
a@XAcTMiE Sequinded xiaysorinio) nud ée Steagel frem tloxiraslation iproduct.
¥ SR PpRiSins plrpI ESIUGR pigietns WP G HEO RS 6F (SRS Prdprived

fﬁrﬁ ma?i]oﬁg I'(‘fﬁffer@ﬁbgfgtémﬁt SE)QJmeﬁlgg of Is0UEH f@on HRRein are those

et erol ogous sequence encodes a prodrug converting
centaymieg démainddiof Psewforermis rgotoring g riensdt ov ang® acid sequence

\%Sglg E%’sﬂ)qnwné gff}niittyttjore a 2011 S facd trgcteggc()ir %és%gia{elatv%thaa tpgr)t(iiclc,l:lar cell
type, and another amino acid sequence with a preselected biological activity.
Domain II of Pseudomonas exotoxin will translocate across cell membranes. Using
this system, fusion proteins can be designed which will bind to specific cells types,
will translocate across the cytoplasmic membranes of these cells, and will catalyze
predetermined intracellular biological reactions. A system of this type is described in
Pastan et al., U.S. Patent No. 5,705,163. Methods for identifying amino acid
sequences, which bind to specific cell types are described in Wu, A., Nature Biotech.
14:429-431 (1996).
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20 Representative exanpl es are HSVTK, al kaline
phosphat ase, guani ne phosphori bosyl transferase, and

w@enioidshé n-V am dase. Exanpl es of both cyt ot ORCT/EP2003/009291

pol ypeptides and prodrug converting enzymes are

di scussed i n numerous sources including

PCT/ US97/ 06010, EP 0716148:3%&nd WD 96/ 17072. In

addition, a vast array of signaling nolecules and
menbrane proteins are toxic if expressed at high

| evelThe nétleicid heikeulslaad ekpressigy sysensuoft thbligvehtion may, in
expressi on usin he system of the ressgmg?|nv nti.on,

cqtiin ERROJEMeNTS| BN SONBH e SERELIST ClemEnts, pdditional
ﬁlﬁfén%ﬁag cﬁéraaraﬂ ﬁ:’é@ﬁ&?&s'sgl“ccuéﬁ/&ta%‘?s of the invention may

e a nuc eot | de sequence encoding an untransl ated
RNA Mdrkers| fer ghe csdnpﬂlceneﬁtprokveycﬁwf anCExehq;'ly@mg/ cells contammg

unt r aps! at ed, RNA ecu e 0 incl sens
vEDbloME R ehp aben i S o oo i 25 syt e B F0RSoin
ARRSClind O Wi §NiH! AbdrAYein ARPeromie 8. zedbint PuSbai®t bRkticidi
‘ x %?1 9713- 97golm(1?%d§:9 ﬁ%e%s@cr? bes aluphaz;w ral e

ro
bi@my@rrs apsie&altamyexp resisfanceh yeﬁ@te/ekxu esglestion \gmrkers such as

oAIRE! BABLORR S FARAR 068k 2] BB SRAGRE! quences

ressi on’ sy s nven
v&hélﬁresﬂemuﬁglﬂ cépy mxjbee aﬁlpﬁﬁt‘:éti:bal dry alat kngoh ywpthptaitdmd include
|nclud|ng ones whi ch have ngt as yet been identified
IBU?OEﬂéﬂeﬁﬁﬁﬁeﬂﬁ%9“%@6h%5@wa§Vggaﬁences cont ai ned in,
for exanple, cDNA |libraries or host cell chr onosonmes.
Exanpl e of such pol ypeptides include 5. secreted
proteins and proteins fromvarious cellular

gous sequences expressed by the
ﬁﬁﬁﬂ%ﬁéﬁﬁﬁwfﬁéﬁﬁﬁﬁéﬁt on can encode pol ypepti des and
RNA nol ecul es from non- human species (e.g., other

mammal s, plants, fungi, bacteria or V|ruses) These
het efldkoipyertione nehusse smathgds f t making nigeerabinpntahost cells and

&%}’ a&? gﬁé{octe %Pr&d(lggp%sd {he %g{‘% (r)fg Iﬂ)e%lon Fo j(ample

NI GhRddsd6f SRS WeRatisn r@ynﬂ@ee aﬁ&edudiﬁg tdne @M@lh(ﬁb Cnl.ﬂt‘rdld acid
nol ecul es and vectors of the invention which result

malequies o exIesioprsystems daseribpd pereineingp appist €glhnph evariety of
dPif tsl%g%llﬁp(flgﬁt EGAD BN Qgr? b@EBJ %uc‘%g'\gﬁlcﬁ%gﬂ P{:ﬂﬁe WI&B acid

are tfused to a protéein enc a gene of Interest
navlecubasrdndrexpression sysveres bfithetinoentionc epheotiséss forosxampbs) are

15 the expressio roduct . ese.amno acid seguence
KiRBP U8 SE R fiLe BoNnTABR v §ipdbis Higee oragRie HrsHyctured
Iﬁaeﬁmﬁlm%ipuilw&a'aﬁl phiffidn defis Gas wéll SEGIRL Gt éam(em)H J.

or to a ubcél lul'ar conpartment (e.g., the nucleus).

Nguk Kaaeerdostath: 04 5@ §udn Leskef Cr.théen. Virol 35:335 (1977); Stollar, V.
in THE TOGAVIRUSES, R.W. Schlesinger, Ed., Academic Press, (1980), pp.583-621).
Thus, numerous host cells can be used in the practice of the invention.
Representative host cells that may be used with the invention include, but are not
limited to, bacterial cells, yeast cells, plant cells and animal cells. Preferred bacterial
host cells include Escherichia spp. cells (particularly E. coli cells and most
particularly E. coli strains DH10B, Stbl2, DH5, DB3, DB3.1, DB4 and DBS),
Bacillus spp. cells (particularly B. subtilis and B. megaterium cells), Streptomyces
spp. cells, Erwinia spp. cells, Klebsiella spp. cells, Serratia spp. cells (particularly S.

marcessans cells), Pseudomonas spp. cells (particularly P. aeruginosa cells), and
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i ncl ude sequences which facilitate purification (e.qg.,
a six Hs "tag"). Depending on the amno acid

waeeguemsses and the function inparted by the fusedi/EP2003/009291

sequence, the added 20 ami no acid sequences nay or

may not be cleaved fromthe translation product.

Fusi on proteins al so includ®-proteins which have

domai ns or regions derived fromvarious different

proteins. Exanples of such a fusion protein are those

S@Wn%ll@lspﬁ cRB(partichlafly Ps@pEiafipngs atk St ayxphi, cells)doRRiferred
am no acid sequence which has binding affinity for

aam@émosg ewwélqdéclwpbpelb%éraestamaéHCW% o39RAY3 dnglapogaster
I t

of &, SSpbdo cét&ge%u%ﬁ%d??g% a4 st ?é’ll@&x&cﬁTﬁ@Héﬁ&%e{#i@h tHvé cells),

na&emdemaahss (pammﬂxnlm @i Idlegansinedlks);atamaaccd& amplhibian cells

nmenbr ane Usi n t hi st e| i on roteln can
RSSO KA WS BRIKY ¢ t@aw o apd ampga el ? Tmos

thlchla}l&m?ﬁqgaCH@@GSSVEIt@ BMKO PIFAE Htiker TEAWR 81RSarff human
these Cells, and catal yze predeterm ned

celts)r ePcr@fctradl aeasbhost @glls:aﬂclude é@tcd@n@nyws syrvisineskells png Pichia

d st a o U.S. . P nt...NQ,

P88 SoBE, B R WA i s e e o
e GHRINE SN o\ﬁ'fhet‘dﬂolbgm '\g&yﬁtﬁﬁﬁbi ibecAist | théy hase alliee potential to
descri bed in Wi, ture Biotech. 14:429-43

glyrosdyte hm@ewmwsme ipEmampenEBlgh tbyman g@élSiN\éatson E. et

uc cu n XPI. e t fakh

o cGFlefbRfiel) TR ISsE ng BECOR AR RZR! MPr al,
BE@’W@d‘hr@H)gge’BaSDC(l%%)ngeumﬁllgfengmaéred (Retttiet Warealal., Biotech.

functi naI j sti¢s_suc sel kers
%ﬁ%% .r(%1 tef P’eﬁP’ %éﬂf%t @5%‘??31&5%“0 grow in
sEdK YOI iukE b %eﬁ%@h@éu@bél&oﬁ vectors the present

I nvention are wel known in the art and i ncl ude

pur omiiample ﬂahowsyhdt |tlmss¢xmnq§1cm $yistem ofiherredent invention can

hygr onyci ap ci |asticidin

ARy it rBHKO el S DR RIS, Mo, W hayg previously
d§ﬁbﬁ§¥dt&f‘thﬁﬁih@@'@Wte&ﬁwo%%mehtﬁan dddkbnaPEells lines such
gl utam ne synthetase may be used. Nucl eotide szauences

agiiOr Keleand QOB 17 (Bogimespyl. minitseer Bigteshi 154224 3r(280®)-

o o T B o kR, B i
belGEfoductd ttd ﬁosT hells g ved know [tevhaRusebhinds tiof, misdmtgion,

reconbi nant host cells and reconbi nant host ce d% )
efscBaRRIatony s frapsteqtionetndo dengformafion. nasmplapy, mejpods include

L, BOSTRn, SIFbEILB Rfion, caton
lipipmedmtedntragficion, sdepe rlodbog hed ballisiinirsroduttost bethods for
té: \{ﬂat;(id%tc’}{og fof exogenous DNA sequences into host cells are discussed in
Felgner, P. et al., U.S. Patent No. 5,580,859. The nucleic acid molecules and/or
vectors of the invention may be introduced alone or in conjunction with other nucleic
acid molecules and/or vectors and/or proteins, peptides or RNAs. Alternatively, the
nucleic acid molecules and/or expression systems of the invention may be introduced
into host cells as a precipitate, such as a calcium phosphate precipitate, or in a
complex with a lipid. Electroporation also may be used to introduce the nucleic acid

molecules and/or expression systems of the invention into a host. Likewise, such

molecules may be introduced into chemically competent cells such as E. coli. If the
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di fferent reconbi nant host cells can be produced which
contain the nucleic acid 20 nol ecul es and expression

waeysensoof the invention. Al phaviruses, for erRenpPm®)3/009291

are known to have a wi de host range. Sindbis virus,

for exanple, infects cultured manmmalian, reptilian,

and anphi bian cells, as wet#0as some insect cells

(Cark, H, J Natl. Cancer Inst. 51:645 (1973);

Leake, C., J. Cen. Virol. 35:335 (1977); Stollar, W
veetorTisa VifdGAN InRlyIeSpackagal ibwittesi imgedl,lceﬂdnto aﬁmklmﬁlg cell and

Pr es 1980), 583-62]1). 25, Thus, r ous

e kgt Ve i TR TTRRd st EalIse HEBbe (4 aick Qaefy g fechniques
sheiE fEThabluen ARt nueklid acill HAblefBYs DRSS e&ioMs 1 thd'Rivention
I nvention include, but are not |imted to, bacteri al
uniellhcst ophimare el knowm and rowtine tarbosgnpfrakillcisl fhe art.  Such

ef erred bact eri cells. inc che hi
eSc ques, Ay e(f&'ﬂi u?’%%}h.f ?lorEexam e, ﬁ]l ##i'gﬁ % J:]T’oéﬂtgl Molecular
m@mhg Call[bbiatdry Mahial SRARIBAS aﬂBCBmeg b{aa;orpw €83, Spring
1, DB4 and DB5) 30 Bacillus s
P(apmrtlra«berwrv;}’r@s meltﬁiq 16. 20 61989), b%lr Fu?ﬁ Yelefigy CURRENT
| I
P%ﬁ@é’c?%"i}&cl%LE&%Rl Ifx‘BLbéerJr%g%‘}':}g @6%9%6 esfaﬁég Ife. (1997), Chapter
16pavitsenylJdD.| qtaﬁs Recomittiags INA cid 9., NeselmthnWiidsFrs@pan and

Gioon 315906 (ROR eaobitighesoh Lo J5odtibn s Cdonspphew York
\f(,eljllP%bﬁE}ﬂ:ﬁ P@@b)’?‘r\illﬁchsaret Mﬁﬁfa@f'k*é o @h@ﬂﬂn)slaﬂo)‘dwﬂy manuals that

I's). Preferréd aninal host cells include insect
dcmill meﬁcmmtnupacst aod | veiitly afr owopordted rhel safergaest berein in their

cel l.s erda Sf9 and Sf21 cells and
e‘ﬁ”iegﬁ%%\r ﬁfeé’ﬁn lfh?g(% 1s), nematode cells

(par ch@lihaéﬂti)ans aBoediAiRfed a6 re€ombinitaidbst e¢llsScomprising one or
anphi bian cells 5 (particularly Xenopus | aevis cells),

m@gmﬂclﬁ@rﬁ%moiﬁcu]@ﬁ @r FEprARianasysteats| of therngention.  Also included

r 0] él'é g kyln&érhlg)gﬁ u rragr;@m %’Csﬂ\{ﬁ@}‘*&e rr e%ﬁ_!%é gg}? }%glglplnant

hostl kélls. ncMetiedSafes hprodminge Srec@ninarsti hestceéllss aadceell cultures
Pichia pastoris cells. BHK COS, Vero, HeLa and CHO
cemprising the ssmerare wellingwaip thsie for  the production of
het er ol ogous pol ypepti des because they have the

potential to 10 gl ycosylate heterol ogous proteins in a
manner simlar to human cells (Watson, E. et al.

OB B WA abbets o (o

genetically engi neered (Renner W et al., Biotech.

Bi oen 47:476 (11995); Lee K et al. Bi otech. Bi oeng

50: 3 e(nyglgs)a)mct moch@mueﬁpresse®mmsfm@eanﬁlera¢qan@r§ h@&thells of
2 shows_ t.-hat

t@g( br],vgg é?rb Sl% 'é?%d rr% € g%)rdlé%té o3 of {/o(teer% 9 otl}Eb%Rtldes and RNA

malB&iléson. g | nurﬁhﬂﬁsl@fé]d RN&HQO%BIHEKTH@ hﬂeShothffetthv dhventi®n may

have preV|oust
comprise, e.g., introducing one or more nucleic acid molecules or expression systems
of the present invention into host cells to produce recombinant host cells, culturing
the recombinant host cells under conditions suitable for expression of the polypeptide
or untranslated RNA molecule, and recovering the polypeptide or untranslated RNA
molecule.

The invention also provides methods for regulating the expression of a

polypeptide or an untranslated RNA molecule. The methods of the invention may
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denonstrated that the pCytTs systemworks efficiently
in additional cells lines such as CHO Kl and COS-7

w@ Bmensssas et al ., Nature Biotech. 18:429-432 (2OD8FI003/009291

The nucl ei ¢ acid nol ecul es and/ or expression systens

of the invention may 20 be introduced into host cells
usi ng wel |l known techni ques4bf infection,

transduction, electroporation, transfectlon, and
transfornation. Exenpl ary met hods i ncl ude

cOinpHsdexd.| &) inediwtigd ohé @ﬂsﬁcﬂetﬂuomc hcfldnﬁbleaﬂes or expression
transfection, m ¢roinjection, tionic qlnediated.
sy#tems Peteiipyention infp e hosherllng’ pa B3R rF?%.r{ﬂPleam ost cell, wherein

shidt ﬁlﬁqjéi'&tabfanmowéhfég’%? dxPFessibh S yitBhs H'gﬁ'lsé’ré ffst open reading
exogenous DNA sequences i nto Ndst cel |'S are disc ssedzi
frame? hatakg aenuclébtldet seduencel. eﬁcodi’ag emttemperaﬁ;r%msaﬁe RNA-

cul es and vect rs of .th

Th
A RaRt R A nd Spbrae B irotnd 3 mecomtOinar i tall iidsp suitable
cvmﬁﬂa RhBRfonf UaldeicS chafdifl MR RelpeRturdl @E V&AMt host cell

/[or proteins, peptides or RNAs. Alternatively, the
cnh@tieefr@maéi)da rpgne@m/@éerapmtme tx presisichve dgmpasptyrepfor (i) a
yention nay be int %gH |nto host cells as a

r%ng“ﬁ ?BP%amgﬂihlggnwgv C|un1 osphate precipitate,
or imha p%é)seﬁtom)ér&i@nvul§o’1pxav11dbphﬂthoﬂls €ort propeuing pelppeptigles and
may be used to introduce the nuclei¢ acid nolecules
Raﬁé/raﬁle@aéa? sl WtWétC@ﬁ@némgt wEofveiRg one T Mets Aucleic acid

nt@&tules {‘%WE:%@SA Hemg%fefﬂél ehtion k?ﬁo 1%(:5199 ﬁ?ﬁgb% &lls,

em ca ete t cells suc as E
eR Pandlinz1 86 QﬁllPﬁIT 4 EBQ—(@@Bﬁl@ﬂ@Q&mperMe\mdtlncubaﬂng theise wel]s at a
[ ackaged_in vitrq or introduced.into a

t m be
plﬁg’elﬁ%ig‘? éqaf‘“ nd I ¢ delgiedy aspset Rt U VP grovides purified

polyRRStHes %ﬂd IRN AR Iﬁ(ﬁlaéu‘fes PioMERd aBcoMIfg t¥ Ad RledhoBE of the present
technlques suitable for introducing the nucleic acid

imysniom| es and/ or vectors of the |nvent|on i nto host

cell s, are..wel no and routine to t Se of

the. TPLSEiE onahY SRR LR & Ptk Ju) b, gbginet ther
fRonRthel caltufeupeitafadf bylysin€the 2k combidne bstaells. Gl oni ng,

a Laboratory Mnual, ng ég Caol d Sprln Har bor

Col d Bphipapfidesipradiced anseam ther 9uqﬂ>¢lés'@1 R0 e%essendlsxgésswn
SRR S APl ispcpaytbg Jcovefiipnd, PHERED, fronk el Shbniin cel
clk@es by fbhpteknodh)in Matastoimcludidg ameafonaim ,sulfate precipitation,
R SO S i e T By
h%fb?ﬁoﬁlg 1ge fion chﬁ)%a\{@érgphyh\c{%lﬁu%bﬁﬁﬁf ﬁ}gﬁyaroxylapatlte ‘

are | ustratlve 0 abor ry manual s
chhmnatogteplw | anidhédsgh tpecthmaneeslignd vhpmlatogr@hy Methods for

orat.ed by.ref.erence herein in their
Ao BT GLeFE PR AR GROc LTS, OGS (G Fefili- i o aPEoCELL
Eibi(%?\t,%aﬂ&nfc@%@ﬁ?lﬂ%ﬂﬁmhﬂ%%&)ﬁ' |'s conprising one or

Untranslated RNA molecules produced using the nucleic acid molecules and

expression systems of the invention can be recovered and purified from recombinant
cell cultures by methods known in the art (see, e.g., Celis, J., ed., CELL BIOLOGY,
Academic Press, 2" edition, (1998)). Methods for recovering and/or purifying RNA
molecules include phenol/chloroform extraction, digestion with DNAses followed by
precipitation of the undigested RNA molecules, and column chromatography (e.g.,
oligo dT column chromatography). Further, RNA molecules can be separated from
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15 nore nucleic acid nol ecul es or expression systens
of the invention. Also included wthin the present

WO pwenissed are in vitro cell cultures that conpei/BR2003/009291
such reconbi nant host cells. Methods for producing
reconbi nant host cells and cell cultures conprising
the same are wel | -known i n—#he art. 20 PRODUCTI ON COF
POLYPEPTI DES AND RNA MOLECULES The nucl eic acid
nol ecul es, expression systens and reconbi nant host
ofie)r | Sellflar tnfvgeriadv asih; othemaingesters eguélmilniuhﬁt}ﬁdj@dhmé-iphfnol-
of proteins, polypeptides and RNA, 25 ng ﬁules
chloryars | BRRipdRUAGHICEC HN oShomerntkit ABtls Sechp ndral.  Biochem

B?W%@HB@ lggy conprise, e.g., |ntrodUC|ng one or nore
nuclei c nol ecul es or expression systens of the

presdht overahtdenculro frosss eeipleying Iplcmjcaeid molecules and

reconbi nant ho cells,.culturin the re na
eGP Sl e QP Lors et Hisitios °§xP§?>@%ﬁ§F s gpdor
uhf}EnsPRbd FENAI %lec%[esue&{ aRshmpeheMd MPlaeGHly 8Nioreactor
recovering the polypeptide or untranslated RNA 30

configuatians (Pige Sturedriilo rpeaﬂusesi mmbra@fs endlesedd sngappulated cell,
f[l]lrl](ﬁ ﬂqda%%& a1hN§Xx§%cﬁ%r8L scﬂq, frrrglgh%lpggtéw ? APk LS thousands

of Tive6)t tl@ﬁeﬂm)yac\i@nﬂ%éﬁé Qﬂﬁﬁq&raﬁﬂﬂtﬁ@ﬂﬂl@ :Ho@t(&ﬂgihe utifized (e.g.,
conprise, e, é§a) i ntroduci ng one_  or. nore nucleic
aaehqyagmiee@@ﬁee%y, 2 CORPRIBELPTSY, to SA{TaiFS thiy Profuctiopnd AXprgsrion

p\'l/'\%&u%t an@befac%?Até CLf efc@feﬁﬁf&& bf aaaaﬁ opggjtsresgﬁ‘)hlproduct

rein sal aci d or expression
syst dile iaoapionss Asd dtrectted)p@mher pmdluu@on bf potypeptides ppraRNA

el S entere siehn g femers s e
LRERHNIRANE oS Ffee bl 18H}0RFm SWiird Bh8er WHbHISNE restricting serum

condi tions, and changing the tenperature of the
aceecss nbsehating florstuspraision geathu€HO ¢edlnhineg jaye @lmdmvlslsh gxg able

erature to a trestrictive tenperatur
1p BEY e T o8 At 8 Bt b St (b Mo ot Bl motoss
/BopIesenNt invention also provides nethods for
produci ng pol ypeptides and 10 RNA nol ecul es, said
net hdasth @r@mlmgpmf differcatiiepiogess paragicterpean brivarisd dn order to

5 B LMoo PR 0 DU oy S
hasteefle bﬂ‘t}&vaaltioﬁnpléfe@é facwraindluda m&nlaim rgmipbdten, i, | sxygen

at a rm ssive tenperature. In_a relate ect,. the

OReFBHENSh ﬁw iPERSSNGSLAT NPT, Bk o3¢ € Pt antoppa dependent
cgyéégfefé;%ﬁﬁcp bRANERD ARSOhE iNEobRatepdRiD oSy edprbiefhs may be
altered by choosing the host cell in which these proteins are expressed in and the

conditions under which the recombinant host cells are grown.

PHARMACEUTICAL COMPOSITIONS

The invention further provides pharmaceutical compositions comprising
nucleic acid molecules and/or expression systems and/or recombinant host cells of
the invention. The pharmaceutical compositions of the invention may comprise

nucleic acid molecules and/or expression systems and/or recombinant host cells of
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15 invention. Depending on the nolecule, which is
expressed, it may be obtained either fromthe culture

WG apensad@nt or by |ysing the reconbi nant hostPCEEP®03/009291

Pol ypeptides produced using the nucleic acid nol ecul es
and expression systens of the invention can be
recovered and purified fromf¥econbi nant cell 20

cul tures by nethods known in the art including
amoni um sul fate precipitation, anion or cation

thex atvantimn trhcm’ama@mrapm, iplsolphoceithud (phgsiologically acceptable

cgl%rxeg %‘@ o]gr Y F}Héap%}ﬁép egggtlwceo [ﬁg]tpe ract admlmstratlon of these
pmﬁ‘i’t{a‘ééﬁ‘tic@p&;dlﬁc%ltlo%g Wfdi’ Qkﬁﬁfiﬁé% re‘f%‘t[lﬁ1 lﬂ)@‘i’es@@hfo@ AF3RpRptide

I'i quid chromat ography.” Methods for purifying proteins
imrtssessefl abethimal mlmir dusmannpgenic @néeinteaded to dangtipn as a
oGy, A d| tion
gl SN G RO R PR S S biea gt ST g
rédepitRhdmt akdsé callseoll % ANEnti6X PMES Sty Syghess Oﬂhatt Feicode
i nventi on can be recovered and purified from

rebpepiisien o tRN danplegulps maaiedyontherimmgoinan Activgefiction.
15 Rttog B il BN pydRRAEE s o

iisesldedrto panel aftjnbmgelﬁ[\lkfﬂdat incthese uhsfa-‘ncéncl ude

phengl / chl orof arm extracti estion with es ..
Do e e AT angiesuley st et SRS sen iRgarecombinant
hHE’tl E414! &6 theafiFeRRInU IR GIAEATE %rzﬁﬁhﬁls{e@ecg to anoﬂnﬂgi?dlﬁl in a

col umm chromat ography). Furt’her, RNA nol ecul es can
phepzacalogitally o mcmtamﬂM/call’%OG PAT/ EPEPBBIm0 9391 said 420 be

.0t her cel.l the single-ste . .
BhetFioaine oAb FoeBRy Bkac i) RLBH B SPEPEAR Bt recipien
it giaGAID e tuther CRRNBEMPSHitiorA Bl tiRAGERhtior \REll . beBhdah@sRred in a
162: 156- 159 1987) he overall cell culture E ocess

"thepsipeyiioal]y nelfective ampuntiio(eeg:ulans ameunt Shety pradiseor desired
pﬁﬁ?slgl%nﬁ: of feCBe invention for the production of
por ypepti

and/ or untransl ated RNA nol ecul es can be
i rrpl Gﬁ[mélﬂdl bk fuinders@bd dly Yonefof brdinaackidl in theaftj ghemtheansleic
stirred-tank, perfused, nenbrane_ enc

I d,
a@%emﬂ&ﬁ adiog] PXPressiOn; TR KT ErargiTan) gt cells of the
ltﬁeaﬁ&ﬁ f;%) a&ﬁ&ﬁ?l Gad &5 agflﬁﬁmduap AL By bE @%Bﬁlﬁggﬁon which

ousan ters osen’to accommodat e t
costginsr mhtenﬂ:)sffetfs taﬂﬁthHiLS,t oc ejther| substantés iwhadh @e: glesirable for

.anchor a pen C 02 .concentrations), .to Ln.ze .
PRGN GIOAG ELIBY o CERBECSTOh ERPORER Aol ghabie o fise in
pkéfatihk Eaﬁ&ﬁqa%ékhﬁﬁﬂé&ﬁﬁos’it%_@\é% iéro@méd R i frie bl 8 rc8d including
expr essi on product The invention is also directed to

RMN@de’HABMAg.‘EUf;@Ay pf@p&ﬂ@és(%ol RAA ed., Mack Publishing Co.,
(1980)).

The pharmaceutical compositions of the present invention can be
administered by various art known means but will normally be administered by
injection, infusion or other suitable physical methods. The compositions may
alternatively be administered intramuscularly, intravenously, or subcutaneously.
Components of compositions for administration include sterile aqueous (e.g,
physiological saline) or non-aqueous solutions and suspensions. Examples of non-

aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils such as
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nol ecul es of interest using mammalian cells grown in
serumfree or protein-free culture nedia. For

wez@apisspe by | ong-term cul ture under conditi ONBCT/EP2003/009291

restricting serum 15 access or selecting for

suspensi on growh, CHO cell |ines are sel ected which

are able to grow in serumf4%®e nedi um and/or in
suspension (Zang. M et al., Bio/Technology 13:389
(1995)). Further, a nunber of di fferent bi oprocess

ofie¢ affphid fnjeaabloergadld efters Buch ae Ethtyb oleafet eCartiefs or occlusive
glycosylatlon attern of polype product s produced
E?)?SIPE%C R)alﬁ?rea%kﬁb@?tﬂnéémf aé‘fei CF AYASRN ahorption.
Thes gy AGEQSibih i A elTE He Ui AFRA! t 2R TadiHual X Gihber of
concentrat?%nf %ggk or prgsence o%ﬁagltatﬂon aoﬁ% ﬁﬁxero
ctllorams icdcidnolonlag eeqliia'pda tlpmovideaahérspeuticallys efiféctive amount

"8{ %IEVS?%PQUEQ %?Fééfp %é%%frt% ‘y@batl’l Sﬁr‘]’&ﬁ% {\13 IfOﬁy@eﬁggqs or RNA

nfdtéduldsintéhdedio bR egse ROl HMfe ALEoPKPIRIFEREI N and the
condi ti ons under which the reconbi nant host cells are

grown. 25 PHARMACEUTI CAL COVPCOSI TI ONS The i nventi on
further provides pharmaceutical conpositions
conprising 30 nucleic acid nol ecul es and/ or

‘Kg@xXpr essi on systens and/ or reconbi nant host cells of

the invention. The pharmaceutical conpositions of the
invention may conprise nucleic acid nolecules and/or

expr St : .
004 TR AR BRI 58S WoHlpERflk 1> tsokid nleidReid
necdeduila3atxpression. gystemisrand ok né¢donbinant hbstacelib s itel ingeminl yThe
acceptable .carrier anq in a therapeutlcaﬁgﬁ(g%éectl

kifho) ﬁ]?e IRRIQR FAeN i CPLP I o P IBRTISE 0T R cqpponents
sOIBEBP FHdnh YRS oFBRY: conSistifX BFRIE orl BSH! Eodtiln&%( F{E gs SbRBs, Ofials,
a polypeptide in tissues of an ani mal which
mhcmarsgemmtdesanm )uome on dede vectprsnend armers ralckotldes one or more
vacci nation. | t he n cleic
PHAHT 0 PR P e R T ot R R 7 gy host cels
(& gl h&st @E11d thet mBY BOEdRpete YorCaptike FefvRRCARM nbRtukss ostEone
pol ypepti des or RNA nol ecul es required for the

ot moag beffers.of an active affliction. The administration

of a 0S] Y} t i

thus 1A BETEIL CRpaRRTRESS bPBrdlhory Rl [ B ceRBatt dls that
otee seuitablet andificatidld he aaptacibas aci 'dhen'ﬁiefhbldk eamdalapipﬂmations

expreSS|on systens and/ or reco n host cel
descaibpeh hghoin & QRVIoUs ABY miYIBF Hﬁ tlemaiing figm e %ope of

ﬂkﬁ Givehdo@! or! Shy? emBOE ; g qtég%ﬁalﬁam@gc G0t BCEHERT A Yresent

conposi tion’is sai
invention in detail, the same will be more clearly understood by reference to the
following examples, which are included herewith for purposes of illustration only

and are not intended to be limiting of the invention.
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"pharmacol ogi cal |y acceptable” if its admnistration
can be tolerated by a recipient individual. Further,

W0 b@4o0ssposi ti on of the invention will be adm PCEHER2088/009291

in a 15 "therapeutically effective amunt” (e.g., an
anount that produces a desired physiological effect).
As woul d be understood by oh& of ordinary skill in the
art, when the nucleic acid nolecules and/or
expressi on systens and/ or reconbi nant host cells of
the invention are adm nistered to an individual, they
may be in a conposition which 20 contains salts,
buffers, adjuvants, or other substances which are
desirable for inproving the efficacy of the
conposition. Exanpl es oEX¥eVBLEdl s suitable for use in
preparing pharmaceutical conpositions are provided in

Sc1 Ences (oS RUCTIENOF T MR et Gr Y ogo) )

25 The pharmaceutical conpositions of the present
i nveMargpulatamsbeand sdquencmgep£dDNA waare ocssried touk nlgwwrstandard

neans but_wi Il nornmally _be adm nistered i.njectian, .
PO ASEOn T BRBSRSO PR SemrlPiied 15: Pohsusingh e folSwing
oﬁg&ngﬁbhhgﬁs may alternatively be adm ni stered

i ntramuscul arly, intravenously, or subcutaneously.
Conpolientspbi: %@%@TTG TMACAGAIGG SEQIPU¥e:3),

non. BB LT GAaTaTo ARGACCRGE B IO 4
non- ofigoLaepis3:SOGTSIICT FTECOTORG ETEASWYATTCAGGGCCGAA

CPOl et élene | ycol, vegetable oils such as WO
ﬁﬁé/(’éﬁ JONPEY 82003/ 009291 - 44 olive oil, and

i nj ect.abl . i
o PGP ST U R gt RoalegbTcoTos sk
IDND®ase skin perneability and enhance antigen

absorpti on.., Wien.reconbi nant host cells e )
i ey SKhlel TEXIICHON; HES ISHD 39{ ¥ istsorndo pubtseqyeat gloning

DAl ens A %lp%@%ﬁ&ﬁn&ﬁq‘I"bReFleaEQm{%r\Q?ﬁieq?erﬁrrned using either

therapeuticall'y effective anount 5 w vary wth

obigehspat (HEQ IANO 3¢ ancholigd-uspdl 3 SEEHHANG:6hor alige-nsp2 2 (SEQ

A 8 Bl o BB AR D &0 O RaRON e o fforwas yggd and 5
ng e theRPldtODNA §SinReP8i HasgkTt & A0 8Pkh&d NG 11188-1191 (1989))

I'sol ated nucleic acid_ nolecules, expression systens
veasdussd e et bk réagtion gmixtuse.ofontpiamgngewnitsopt Trgeor Pwo

ol PR Y o 388 YA BRA! 5Bk were
determined photometrically using the GeneQuant apparatus (Pharmacia Biotech Inc.,
800 Centennial Ave., Piscataway, NJ. 08854). The polymerase was added directly
before starting the PCR reaction (starting point was 95°C). The temperature cycles
were as follows: 95°C for 2 minutes, followed by 5 cycles of 95°C (45 seconds),
58°C (30 seconds), 72°C (90 seconds) and followed by 25 cycles of 95°C (45
seconds), 68°C (30 seconds), 72°C (90 seconds).

The two PCR fragment were purified using Qia spin PCR kit (QIAGEN, Inc.,
9259 Eton Avenue, Chatsworth, CA, 91311) and finally digested in an appropriate
buffer using 20 units of Sa/l and Dral, respectively 20 units of Clal and Dral. The
digestion was performed for 12 hours at 37°C. The DNA fragments were gel-
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selected fromthe group consisting of one or nore

containers (e.g., boxes, vials, 15 tubes, jars
wW@npuloesspe et c.) one or nore vectors, one or NOPET/EP2003/009291

nucl eoti des, one or nore priners, one or nore

pol ypepti des having pol ynerase activity, one or nore

host cells (e.g., host cetH#6that may be conpetent

for uptake of nucleic acid nolecules), and one or

nore buffers. It will be readily apparent to one of

pafifled eGahesKleh; Bi6 10 dn¢. o1 GA0arkhrr Wayf Vigta, CX) 920R&IUSA) and

suj tabl e _nodi fications and adaptatig s to _the methods

finaly Ligped dne ((Gedoalhdigestedand pelrmuynfie | BGT 4Xépnga - ef
e 2 11 R Qlt {n ]

P BE s 41 DB g El A SRR X obiahed vector was

checked bh ENA kequenesg pf theiwhodahiP@rgenes detail, the sane

will be nore clearly understaood f ce.to the .

ol | JRF e BP A A% anrorbetiay TER R tegpllowing

oBPsRREBEIQE illustration only 25 and are not intended

to be limting of the invention. WO 2004/018506

PCT/ BH2o0spODIP-GIG T AGH GORNRAICA GTCONATIHCGT ORI AFAGIEEQ ID

bﬁﬁﬁsTs VECTOR SYSTEM Mani pul ati ons and sequenci ng of

were carried out by standard 5 procedures. The

nut abolige-asp42:NSRITAFCE A GGECATGTHA OYGRCR CGTOTATIE (SEQ ID

follomng oligonucleotides: oligo-nsp2 1:

NO:BAACATTGAAATCGATATTACAGGGEG (SEQ | D NO 3),

ol | QORI o AR R IR e R0

atd CCCG (SEQ I D NGO 5), and oligo-nsp2 4:

5' - GAATTGTTTAA/ DN 6]

The LRGPP B 10 )oh AEL A0 LATHORSAETTGE Skl JEND:10)
and %Q%ﬁ‘%ﬂ%tres‘iﬁ&mnnﬁtes R Plor tid Bist aflysidhhd tHR' Bnal cloning
underlined. PCR reactions were perfornmed using either

steh (Sphlgbipnk prd SplpER wideNiDed) TaredPORi rgactionp wege ¢BHEI oDt as

NO oligo-nsp2 2 (SEQ.I 4 d ol i -

PRk Bhod s GBRP ek Ror 1LGER T NeE Al 4E8RERE e D
: -A | (8EE IPNYO!PSIin &-nspd @ nd:10).: ,

Sy ne s O D My o

r eactBodh PR« pradactscwereagakipigiad @pd ttherbuserhip assemply PCR to

ag‘ngjlrlll Lawfie QP4 \/\ggr\ng %?%hea&gerﬁb@ ﬂ&‘ﬁ,%ol 6 the BR: primers

entratl ons
(3 and 4) and about 10 ng of each PCR fragment was used. The reaction volume was

100 pl, containing 4 units of Taq or Pwo polymerase, 0.1 mM dNTPs and 1.5 mM
MgS04 . The PCR conditions were as followed:

95°C for 2 minutes, followed by 5 cycles of 92°C (45 seconds), 58°C (30
seconds), 72°C (120 seconds) and followed by 25 cycles of 92°C (45 seconds), 64°C
(30 seconds), 72°C (120 seconds).

The obtained PCR fragment was purified as described above and the eluate
was digested with 20 units of Spel and Hpal in an appropriate buffer. The fragment
was gel-purified and ligated into gel-purified Spel/Hpal restricted SinRep5 vector.
The correct sequence of the obtained vector was checked by DNA sequencing.

Overnight digestion of SinRep5-nsP4mut and SinRep5-nsp2mut with
Spel/Hpal and gel purification of the nsp4 fragment and sinRep-nsp2mut vector.
The nsp4mut fragment was ligated into the SinRep5-nsp2mut vector. The final step
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20 determ ned photonetrically using the GeneQuant
apparatus (Pharmacia Biotech Inc., 800 Centennial

w4/ 0186 cat away, NJ. 08854). The pol ynmer ase REBERPINIE9291

directly before starting the PCR reaction (starting
point was 95C). The tenperature cycles were as

follows: 95C for 2 minutes;4followed by 5 cycles of

95C (45 seconds), 58C (30 seconds), 72C (90 seconds)
and followed by 25 cycles of 95C (45 25 seconds), 68C
was Rlopdrpahel a3p gehd tntoI0e SEUSINESYS veldner (Bmiei?&%kf Pa@‘mémf Virol.

e purified usjng PCR kit (Q,AGEN, Inc.
6g %@9@%(1R9é})ulémg§lq& %’?’Eﬂ asmtrl@mff)b%aﬁ% thejrgsulting
e H;@E,t buffer using 20 units of
V%a?f gsﬁ Dral , ?ﬂg{ilz)% Yy 20 units of al and Dral.
The di gestion was perforned for 12 hours at 37C. The

04/ 01850 . . .
PCT) ls30B 8k 0ok SETAD NP o) i e Qiftrans feulfpl clggine sie
tﬁa\‘fl"-:vectol= %@ﬂ@ Shy! RS“Oafllr’om\gite?t@ rep%ed 9988 CMIBArorddEr, an SV40

finally"| |gated|nto Clall Sall' digested and
1@ec}n segnérice edinsluded psth@ggplmon @ ermyromaycie resigignee marker under

<PRLISAF R AOERBIT dn ALl b s FEE TSR ARG sChen be
cldhed WMo bEyITSRBECENEN G 17 hetheslidwiagsvayn nsP4 wer e al SO

i ntroduced by PCR usmgthefollo %
ol i gé}hg@p%@qtgigg EVt-§knEQR 1.5- C AGATTAATTAACTCGAG

ol O HAITIRNIG  SHID AR i,

G(ECC(EO}G(IGBB(I}C(HIGC@@GW§MHAAT-3OXSE@®TN@WTA@@&M

(S Q | C%% @C&@%”% %%C%{R% IB_)S steRhiéltroduces a

defif |rﬁ‘£l R 4iRNnk) TY Q:nfn@dl fpe first analysis
anéd}glltﬁhe %lilsnal cﬁ‘éor%l ng ﬁcéﬁs glg Sphlla rDI‘%Ipal and Spel)

are Jﬂnde(EM\hed)mdrmlsmeOdwdtbma@embleé RGRruseniz thet fodlowing
%8? bﬁg above using either oligo-nsp4d 1 (SEQID
0 N %ligo-nsp4 3 (SEQID NO9) or oligo-nsp4 2

( SEQ5tEMNG. §) ATAA GAATCOTRACEASRT GOOSA TOAGCES! [BEQ ID

PCR products were gel-purified and then used in
NgsEBnbly PCR to anplify the whol e nsP4 gene. For the

sssolioBR |30, Pl e ai eBrimiera s gpscr
CERATADAGATCHIE (SBQ ID No: 14)

5’CMVSin: 5’-GCTCGTTTAGTGAACCGTATTGACGGCGTA
GTACACAC-3’ (SEQ ID No: 15) |

3°Sin: 5°- ACGTCGGCCTCAATTTCGCG-3’ (SEQ ID No: 16)

The singular restriction site used for the final cloning step (NgoAlV) is
underlined. Two PCR reactions are carried out as described above using either
oligonucleotide 5°CMV 1 (SEQ ID NO:13) and 3’SinCMV (SEQ ID NO:14) or
5°CMVSin (SEQ ID NO:15) and 3’Sin (SEQ ID NO:16). As template DNA vector
pLNCX (Miller et al., 1989, Biotechniques, 7, 980-982) and vector pCytTS can be
used, respectively. Both PCR products are gel-purified and then used in assembly
PCR. For the assembly PCR the outer primers (5CMV and 3°’Sin) are used,
resulting in an 3089 bp size PCR fragment. The obtained PCR fragment is purified as
described above and the eluate is digested with NgoAIV and Eco47Ill in an
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100 I, containing 4 units of Taq or Pwo pol yneri se,
0.1 MM dNTPs and 1.5 MM MgSOH. The PCR conditions

wowrsd/0ass506 ol | owed: 95C for 2 m nutes, foll owedP@EB2003/009291

cycles of 92C (45 seconds), 58C (30 seconds), 72C

(120 seconds) and followed by 25 cycles of 92C (45
seconds), 64C 25 (30 seconﬂlz‘) 72C (120 seconds). The
obt ai ned PCR fragnment was purified as descri bed above
and the eluate was digested with 20 units of Spel and
appabrlhte buffeappmhprfragrﬂexhufsf gel- pu’fifedfmt;rhigmlbd inas gel- purlfled

fied d t d t fied Spel/Hp
NeagiPHiosalisrimse YaerpsdinelnEis foupe' e tenaesoe RSV
pH}ﬁotQPﬁ]ﬁJd}@ﬁS YRR CNRP B dderpequenci ng. 30

Over ni ght “di gesti on of gl nRep5j nsP4nut and
Si nRep5- ndp2 iV 40nirttion Sp@nplﬂimll ba Ry dtonpwe¢tbi paldNel.1amp

f the ns nt Si nsp2mut vector. The
EGR) ?£%{tﬂﬁﬁ‘g{m Qx4es Sf%%“&g’op%tso t he Si nRep5- nsp2mut
vect FVIntFOLFORAAIS> BEPCHORNOECOMIAEGATCTTTGTGA AGG-3’

PCT/ EP2003/ 009291 -47 was cloning the nsp gene into
(3@ IDgYPHi’hRep5 vect or (Bredenbeek, P. et al., J

ot 2 svintidi RERS SUCEERE AT é@nﬂ:iﬂ Vec%"ﬁl‘ﬂa%"rcc 3

restrlé?lon endonucl ease

(SBQED YOMBYs (SEQ ID NO'1). 5 Vector pC,yt TS2.1 (SEQ ID
NO 2) contains _a different g oni Slt? t han
vect or pOltFECR epndgtians sap he € 90%3? @ﬂl%‘ dOb§ e r@wtes

f&li&ﬁ@f 30 @%1§V4§1)4°C"@45 Lecoraslt SH&E (3(§5séc8ﬁ‘ds5’ df—zdd (%Otsggonds)

replicon and a puronycin resistance marker
and follobedoby tahe nfivAelongatomstep at s72P6t ébe a»deledrPG‘ZRd‘ragment is

pgéé%n}l%n%%h eQ}; SSJ el%ﬁ[gtlcftéh%@%ﬁg s&%%d%tgrtl %vgr%g -E%atsworth
qul @mwzl ﬁﬁ&llﬁﬁﬁe ﬁédl PERFPRprRemt 1@&&%5%@%%@9&dmg

D NO 11) and& LI nk- Rev 5' -
b@fﬁ@w(mao@mw&@;&(}umwpd\nnw BysA Idmers@dlhl}ermeélateﬂ The

PRl S0 123 7y oL bF ki B i G Aedizee

T IStVi4oligtred BrhwdngodiRed béldnd Betri@tiplel@iingslieat el ) . 15
The CW pronmoter is introduced by assenbl ed PCR using
the fol | oviongntresiucg ohiec | REQMYER : Tesistgpge marker, vector pPUR

o O e SR AT SRR VOBior PEUR i

digested with Xbal and the lineraized vector is treated with Klenow polymerase in

order to get blunt ends. Religation of the vector destroyes the Xbal site. The resulting
vector serves as DNA template in the PCR amplification of the puromycin resistance
marker. The following oligonucleotides are used:

5’SV40PUR: 5°- ACGTACGCGTGCGGCCGCGTTAGGGTGTGG
AAAGTCCCC-3’ (SEQ ID NO:19)

3’SV40PUR: 5’- ACGTACGCGTTGGACAAACCACAACTAG AATGC-3
(SEQ ID NO:20)

The singular restriction site used for the cloning step (Miul) is
underlined. PCR conditions can be choosen as described before with an annealing
temperature at 45°C. The resulting PCR fragment is purified as described above,
digested with Mlul and ligated into Mlul digested Intermediatelll. The resulting



10

15

20

25

30

20 CTTATATAGACC-3' (SEQ ID No: 14) 5 CW Sin:
5' - GCCTCGITTAGTGAACCGTATTGACGECGTA  GIACACAC-3' (SEQ ID

WOl004058508" Si n: 5' - ACGICGGCCTCAATTTCGCG 3" ( SECY/EE20MB009291

16) The singular restriction site used for the final
cloning step (NgoAlV) is 25 underlined. Two PCR
reactions are carried out a$9described above using
either oligonucleotide 5CwW 1 (SEQ ID NG 13) and
3'SinCW (SEQ ID NG 14) or 5 CWSin (SEQ I D NO 15)
vatidr pCHTR2.(1SBRQ ID NO:2§)continst thenplisney ciNfesisemice marker under
PLNCX &Mél et al., 1989, Biotechniques, 7, 980-982)
canigolaf dhgy V% Tan be used, respectively. Both PCR
products are gel-purified and then used in assenbly 30
PCR For the assenbly PCR the outer prinmers (5 CW and
3'Sin) are used, resul tEi%MiPFrE% 3089 bp size PCR
fragnent. The obtained PCR fragment is purified as

desm et oAboYerian FEMPERA TERE SENSITYVE S 1TY $ VS NeRAWTH

and Eco47111 g 88 PRI TREIEBRETS 3/ 009291
-48 appropriate buffer. The fragnent is gel-purified

and ligated into gel-purified NgaAlV/ Eco47!1] )
r est rihis sxptgmtwesnaenerated in prdes tof wridly ssnerpter egll pepations,

ich Bl 2P o ftoP et [ MR TP RRTRRNy soyiated
pOyers syeehmis cpmbMad withrthe efisqrhallyi fepbcpeiny BBV sygtdnine

foll ow ng oligonucleotides: SVIntron-FOR
5' - GCGCGCGGEECCCAGAGGATCTTTGIGA AGG 3" (SEQ ID NO 17)

VI Nt RFRERYn of vz HECOSMAR A the HEN A origi
SEQ 1 D NG :TL18 le The "PCR condi ti ons can 1ber choosen onigin

ofigepladationd@riPY4rkecor i erinpuctisn wifho teowpticdtipn3iditmyioh dector
Eg%\&/g4c (45 seconds), 52C (30 seconds), 72C (60

}rds) and followed by a 7 mn elongation step at
72C. The obtained PCR fragment is purified using the
Qa spin PCR kit (QAGEN, Inc., 9259 Eton Avenue )
Chat dnerden to beable o gibelone ither the origia qfueplidatien pERpstein-Barr

fragment is, digested i.n the. pondi r
BSOTRAL e FhET TR, 03RO RBREA A% A e v
shibdlefigiethiated lcassttis int aeshufilel vart@f fromhewhich ahéy ican easily be

controlled by restriction enzyne anal ysis, i X
trappleEpdarfp AUENGYF Ts syskan a\jthoos Withew yasious dserts Combinaterial

cBﬁﬁhﬂ?s'%ﬂﬁ ﬂ@ﬂ'ltﬂ BlefitiGile@NhNde %xtaﬁlples such as pCytTs-OriP, pCytTs-
SEAP-OPE, pCytTs-SEAP or the like generally contain a CMV promoter. The
sequence of the pCytTs with the CMV promoter is given in SEQ ID NO: 2
(pCytTs2.1; see Example 1). For sake of simplicity, however, the mentioned
combinatorial constructs are abbreviated by simply stating pCytTs. The Epstein-Barr
virus origin of replication OriP was amplified by PCR from pCEP4 (Invitrogen)
using primers PH 51 and PH 52. The forward primer (PH 51) corresponds to
nucleotides 261-280 of pCep4 and the reverse primer (PH 52) to nucleotides 2221-
2239 of pCep4. PCR was performed using pfx polymerase (BRL) according to
manufacturer’s recommendations. The resulting PCR product (nucleotides 261-2239
of pCep4) was then cloned into pGEMTeasy vector (Invitrogen), which had
previously been digested with Eco RI and treated with Klenow polymerase in order

to get blunt ends. The resulting plasmid was termed pGemT-OriP. In order to get a
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To introduce the puronycin resistance marker, vector
pPUR (C ontech Laboratories, Inc., Cat. No. 6156-1)

wo soooshé ed first. Vector pPUR is 20 di gest eBCEP1003/009291

Xbal and the lineraized vector is treated with Kl enow
pol ymerase in order to get blunt ends. Religation of

the vector destroyes the Xpad-site. The resulti ng

vector serves as DNA tenplate in the PCR anplification

of the puromycin resistance mnmarker. The foll ow ng
sobdl@gmblect asdticdastaniag (3R and ERMAP\gene, 5pCep4 was digested with

e g e e S T S

gé&?&%@d By T4(1§1EQ ;Bd?y&@azmreim%ms rrﬂgtﬁaag&ndhe Sak 't&h'sﬁﬁcl&hédemto

used for the cloning step (Mul) is underlined
PEEMIT ¢aisy wsctoanﬁlnwmqghmby@nclabadj e@drqublerdbwefdyg@tqm wﬁh divo RI

n t enperature at 4 f I ti,ng-+PCR
<5 JRlet Wi “BUeP BT S0indke dh, ke, a8t B BT Th T pine
clstiuceRehs | ﬂeﬁﬁécﬁ%GeﬁI'DOMBJl Flbgetiead plashadsredhat el brigin of
The resul ti % WO 2004/ 018506 PCT/ EP2003/ 009291 . -49
repdiceténn glope TEGemT-QEE) (op tRegther) with the i raRliqagian joitigHee factor

e Ty e e

ROMTousSESTEMNIGH (6 THEYISL fecREPLIGATING BEBNRSSYSTEIMY
naters o 01 PSSR S N i Bbn el it SBERRL RS TS
Ol GIERP [ NG 210, ShdGHPIOPENSEY BINOL DFIHEHTSAFNG, pCytTs-
BGS{H, pCt] 78 &Bdnd el cERD Acctisnsese U bastdodty Nok basd the
N0 G oo RCERTI DI Sy, Bdafie e%ﬁfhe 0 15 B gying
LS PCRTNINSIGHE e/ R GFp. IR Mg 1] BEPISNEAROKE and

one eit [ fcation of
pay‘éltseEFQB}BE. Shimilatly upleTerd’Q}OrtPoga&ﬂh q:CymI ¢-BGFReOriP  were

SRS 3b S B T S Bl 1 st o

p LB Bnd PeyiTS HGIEAREpiP&Ay. transferred into our
tTs systemWw th or wthout var| ous inserts.

Co rrb lmitielo expdrimentn stere) pegfompadn witllya Tonsteust iionebich e shghtly
r{gA fotm o Bngshaa%teg Ssul%lone:d 191%/ pa—yth EGFP. pCep4 (Invitrogen)

was digested with Dra III and Nisi [ and the 1923 nucleotide fragment (position 200-

2124 from pCep4) was then treated with T4 polymerase in order to get blunt ends.
The blunted fragment was then subcloned into pCytTs-EGFP, which had previously
been digested with Not I and blunted with T4 DNA polymerase. The resulting
plasmid was termed pCytTs-EGFP-OriPd.

B. Analysis of pCytTs-EGFP-OriPd in 293 EBNA cells

We first analyzed whether the introduction of Epstein-Barr virus derived
origin of replication (OriP) into the pCytTs system would improve the inducible
expression of a gene of interest on selected cell populations. We therefore transfected

293-EBNA cells (Invitrogen) with pCytTs-EGFP-OriPd. These cells constitutively
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SEAP- OPE, pCytTs-SEAP or the like generally contain a
CW pronoter. The 20 sequence of the pCytTs with the

wahkM4prssomt er is given in SEQ ID NO 2 (pCyt TRRI/LP2088@9291

Exanpl e 1). For sake of sinplicity, however, the

menti oned conbinatorial constructs are abbreviated by
simply stating pCytTs. The Bpstein-Barr virus origin

of replication OiP was anplified by PCR from pCEP4
(I'nvitrogen) wusing priners PH 51 and PH 52. The

ekpresm Bpstein-Banr iRl Bhlication rlamanmlsfacttor EBNALL laadtsugpst OriP

B LN SoBRon o Do BN el B CHie b Fb s ECFP-

O§PIIuhhiX E‘Eﬂo\fé'@irﬁfn@ 0B BﬁEPr Qéc@ﬁhﬁ@ to the manufacturer’s
manuf acturer's recormendatl ons. The resulting PCR

rpeanttuentdation A6batftied tansd@ tioR 2@95 wefe spep 49 3uaspredeace of 1ug/ml

Shomed, L L0, PEEMEEas) Koot or U A 098 R el S8 2 hicam

Klienew ﬁﬁhé@@(pﬁﬁd’ed‘ thdef E%ﬁgintsgle%?&n RJr%ﬁBth@f‘%ek Th®rder to
resulting plasmd was termed pGenl-OriP. In order to

agess the WPreBiy §085D6 nPETYERROBSKBODEEN popl@ions were passed to

ST GRS S0 TR B P 00 e

oL sathictio® AFOBGFR PexpragidRND4NaSep dhdctietl RISl Wért MareRtd by
were generated by T4 DNA pol ynerase treatnent. This

trypaigitetien wad apalyseds b dlovnedompiny Thecammiagse shevmoin Table 1.
AR R o, M lighe oY bR BOSAEE, B B

fositige and Hisplayehstrong BEFP eptéssiongln eminattraetis, widsh hmi ot dbeen
n[- OPE. . From t he I asm ds e| her

m&&e# éaw%%%wk(% PXREEFEN B P’b‘é@ta’ﬁlétr %ﬁﬂf fglls, were

dr&hl 'c%ﬁEIH&*ih'gomaE s@bleQR11 RphRfions AR TS @@F‘i’ quld only

excl sed by di gesti'on and transferred into

séld ebowf2- S‘YotﬁaGEHrplosuSe GsltsTepon éndustion ((@tg nohpwniy these results

vecto the RS onote SEO. | D
sggest g Ftosth Bveh 35 infmdured by py SRASE Ao pREy ot that
1P§i>g‘ﬁ1féant9f 1hifar&\%§@xel #AnKer 0P ddlls iRAdeR PYhul %&P%&&F&p}é@ses the
pCyt Ts-1 FN(3, pCytTs- EGFP, pCyt Ts- SEAP and

ge@g/pfrmre;@mo vectors were linearized with Not | and the
Not | fragnment of pGenil-OPE was introduced by ligation

| eading to followi ng constructs pCytTs-I|FN(3- OPE

pCyt Ts-EGFP-OPE (Fig. 1), pCe GSP:BE&BvéIEIsand 15
pCyt Ts-EPO-OPE. Sim larly pQutTs-EPO-Oi1 P

pCyt Ts-EG-P-Oi P were |gene t%d by cI onF% the Not |

f ragnent TOrlPlnt 1 e of
pCyt Ts- cEﬁb"?ﬁ% | EGFP rzg%pect vel y%l/nl tial
experiments were perforrred wth a construct 1n which a

slight

abYe 1: GFP expression with pCytTS-EGFP-OriPd 293-EBNA cells 1day

after induction.

C. Comparison of pCytTs-EGFP, pCytTs-EGFP-OriP and pCytTs-
EGFP-OPE in BHK cells
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truncated formof Oi P had been subcloned into
pCyt Ts- EGFP. pCep4 (I nvitrogen) 20 was digested with

whe@4hidso@nd Nsi | and the 1923 nucl eoti de fr ap@ERP2003/009291

(position 200 2124 from pCep4) was then treated with

T4 polynmerase in order to get blunt ends. The blunted

fragment was then subcl oned32nto pCyt Ts- EGFP, whi ch

had previously been digested with Not | and bl unted

with T4 DNA pol ynerase. The resulting plasmd was

t er methe oY WirgEEITstrG¥ts, PECy1Z6-BEFPNyy B$-EGFP-OriP and pCytTs-
t Ts-EGFP-OriPd in 293 EBNA cells W first anal yzed
dHREE. tise nettrauiradol BHKEMRay| l?ﬁ%?rr kigney)scels whigly are

kﬁ&vﬁ &5‘ sBw rt\%’ﬂ %ﬂidﬁ%ﬁ l} Pélyfél'gt gstExlﬁqu-@ftcgﬁ% %\)élc"é ﬁgﬁsfected

ein Xpression o
wifh Cyt’[éerﬁEP o@yﬂsﬂﬂiﬁléd)rﬂ’ehﬂd p‘gﬂsl—EGFB-I@E \éing Helpeﬁecmamlne

R Tr e i e—
ROGLQISRP @ tg q{nﬁggsggg’é 0P92I M1 purthRYPIAR& 2 to 3 daﬁs ell\ll,lAilon-

Epstein-Barr vir replicat on|n|t|at|onfactor
tangdecteh pelid h4d d&ached dindt thel r@ant eplls oare durthe? @XparfdiA under

| f - [
PHIRgRLE A AR o000 BT <RI A PEPfions were Basscdto two
TR AT &le \§as lfe?@ W@thﬁHucg@%ﬁf&Q l’Wats rsHH@HQ& b9 oQ for

ceIIs were sp to 3 in presence of tg/
ininctony of nephAﬁm e¢plmat1«m ami:l Eﬁf Pagxpressiont iﬂawsf@(ys @ﬁerc widuetion

d det,ached,an tant cel furth
o FE AR RS S T BhomE - e st i in Table
2l MHRLH20%! 6 the S@HSpdpitatidNP Ca&SFih Tyt TORGFREoME W TEERGER-OriP
resi stant cell popul ations were passed to two plates

vesre BRFErpasii eviponidaghictian, sheeqsuiorntmeaayorasallonap jag0% of
£ 0 4
tﬁ{‘%él gar{ fe%ocxryltgle \%g?%li ?@F\/élgfeg:?%sgx%ﬁs Sirp terﬁ‘pe!?‘ature
indugrien. n [ Eﬁﬁs; tha 1mwt1am akptsssdmbgysn‘ehmmumyd onetorbe. vekneight since
results are shown in Table ion ce]l
loss phant %6108 heaniused B@g}{‘ar@nethﬂpf %VY@@E%@IP eXPEESSI0%6
EGFP positive and di spl ayed strong EG-P expression.

In contrast cells, which had not been induced showed
only weak EGFP expression ar?,dGGRIpyssuﬁb@uéllsS% of It he

cells, were green. Cgnsiderilig thg e el

. popul ati qns_caont ai ni ng '?"2 45 uI d%(%ﬁl y 15 vyield
about 2- 5%po@EFs- aesﬂ"tive cel.20s upon i ndutd i on (blata
not showl) pEhASEEABUITS suggest fnat the Oi P, which

was | ntroducedodim t he |new V& or, |s funttional| and

that it |SipgptTSHEGRH-1Y 1 npr qes thg nunb of cells in

a cell popul atORE, whijch expoesses t he ene of
i nterest.

Table 2: GFP expression with pCytTS-EGFP, pCytTS-EGFP-OriP and
pCytTS-EGFP- in BHK cells after 3 days of induction.

D. Inducible expression of pCytTs-IFNB-OPE and pCytTs-SEAP-OPE in
BHK cells
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% GFP positive cells 37C 29C pCytTS-EGFP-Orip 8. 2%
79% 20 Table 1. GFP expression with pCyt TS- EGFP- Ori Pd

wQB4m@BiNgds cel | s 1day after induction. 25 C. CeopaP108®009291

of pCytTs- EGFP, pCytTs-EGFP-Ori P and pCyt Ts- EGFP- OPE

in BHK cells WO 2004/ 018506 PCT/ EP2003/ 009291 -52 The
fol |l owi ng constructs, pCytT83EGFP, pCyt Ts- EGFP-Ori P

and pCyt Ts- EGFP-OPE, were next exam ned in BHK (Baby
hanst er ki dney) cells which are known to show ti ght

r egulV:ié iﬁfrrhdef' ahalyred EonkiFects whichinconBiiKbothl OsiPvaatehe replication
transfecte wth CytTs-E Cyt Is- EGFP-Ori P and
RS P P PRY TS B OPORBIHE CNCRsDSR pRiierest in BHK
cBFE€ Tl WDnbiPudi&o H&“&B‘g@{%& Bh BE11 HindLEREABRARS AllegraBd copy of
after transtection célls were split 1 to 3 1in

tipr EBdiAdegemt. 544 ral gemarodriptetest wéfchesse IFNG, vhitdylsadadlteady been

non- transfected cell ad det ach and the resistant
egpiepssd it the P%\@Ptle&éﬁaaﬂg‘a N eldoptﬁ% W@ﬁwrs%ﬂré@w yfetor
s Qémagﬂhh% V\egfs%htal Resliclign oot reRRPH] %tigl{?nﬁldﬁ\ﬁfé% lézvels of

assed to t pl at es of which one was Kept at
ekpressiomohussdettedaredl popelatiess whirhtsfebt¢ddBAK &1l ovithl@CytTs-IFN -

induction of replicon repli.cation P.expressi on.
iy déecydyampla A, et LT Ing A0, HRL cafirfan e te
%@F&%Q’P%c&hﬁi@n@éﬂ&@&ﬁ Yfter PisfeBEM E1sAkEre SPRHM itd'n@ in the

e 2. About 20% of the cell populations carry
pBseie- HGBRg/ml pybiyclGH@ 1 Po 2vdays BIERPmRoaistacted ogilsnhad

i nduction, whereas four tinmes nor ells - up to 90%
dPeheasdds FSaard ROt e A ﬁxwﬁsfi ndee _FP!@B%/%H gplection fo
ARSMELD S 2 EFRs ahtRhertts HREE A le&pressib) tht 1he hew NUéfor, debiStant

I nventive expression systens turned out to be very
cell ghapukitione wérespassddano OwsYplatest e ofi whisbewvas kept at 37°C

QSR ShovES MERk T SprSal R M Bt e
c?:ljture@ﬁi.)épmﬁ%ﬁg Trerdf3rvest&d £8m e uninduced control plate and 3, 4, 7 and
9 day after induction from the plate that had been shifted to 29 °C. The IFNfB
production at the different time points was than quantitated by ELISA (Kit of
Fuyjirebio Inc., Tokyo, Japan). The induced cell populations reached a maximal level
of 1,000,000 TU/ml after 7-9 days of induction and no IFN production could be
detected in cells kept at non-permissive temperature Table 3. These results show that
our new vector system combining the CytTs system with the episomaly replicating
EBNA system leads to high production levels in BHK cells on selected populations.
The expression levels are at least as high as the ones obtained from a stable cell
clone, which resulted from 4 subcloning rounds (data not shown). In addition the
new system is still tightly regulated as demonstrated by up to 300,000 fold induction
observed upon shifting the cells to 29°C.

Days IU/mil Fold induction
uninduced 3
3 544410 159651
4 717990 210554
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wa@baognisoelays of induction. D.

OPE Table 2: GFP expression with pCyt TS EGFP,

pCyt TS-EGFP-Oi P and 20 pCyt TS-EGFP- in BHK cells

I nduci bl e expr eBeT/@8P200$/009291
pCyt Ts- 1 FN( 3- OPE and pCyt Ts- SEAP-OPE in BHK cells 25

WO 2004/ 018506 PCT/ EP2003/ 009291 -53 We further

anal yzed constructs which edhtain both Oi P and the
replication initiation factor EBNAL

(pCyt Ts-1 FN(3-OPE) with other genes of interest in BHK

cells. |These cpnstructs dgsgg@b depend OsBo664 | |1 nes
whi ch ave—an—t+nt egtr=a ed €Oy +he—EBNAL gene: As a

gene of| interest we choos@g‘ﬁﬁﬂl(s whi ch?Had al r eddy
been 5 expressed with the convent| onal CytTs system
To test whether our new vector stemwith i

epi sdible PepFNdhtnreduction| t}’ltheB@th rENOER, Irﬁﬁl]& Bells after
| ect ed [ | at

ARG o FERIBAS) Po Wit b Oyt To- | EN(3L OPE (6.

ExamBesid2AIFNIB produétidaoive il somirady s2d BB APBRioduetsiotvith ngir new

to the manufacturer's recomendation. 36h after )
Veptan Y stan ilfb BHEerells. elegted melltpopulagons ware groemated as described
s n y
oSS BrSap oL sROTATYEAP i R 18 4540875 Bl e
pﬁcqialgsuomuhe réslusltztdn eellsawpmrpiestdumd»euwmatewﬁ whichednecwasdkept at

0 ot h eks. order tqQ assess th
xé%@ et ﬁ?rrw Sthhfée %@ct{gb podupticr).

es WeIP |t§ken from the

uRBRUL R deANSopYBEiBn L RRE B! e liNcB @Elﬁﬁoxﬂﬂﬁl&f 3 Wh"ﬁﬁhd"@%ays
kept at 37C" (uninduced) and one was fted to 29C
after indnetiont SBAP ebndefihBorsxypare swiasured i thesessatrplasuisingrakinetic

e -harve ted rom:t i nduced contr ol
Eé‘llfgggn rgér%‘&g aCth“{y Thgesu Qa‘?”f g‘rﬂﬁ)ﬁ%%ctl on fromthe
pl ate that had been shlfted to 29 C. The I FN(3
production at the different time points was than

quantitated by [ELI SAD4ysit of | MBEAPr(mgillo | nc., Tokyo,
Japan). The i nduce ni‘ﬁ&'é populati ops reached a maxi mal
| evel of 1,000,000 Vr%iaLLeJ_Lg_day‘s- of i nduction

and no I FN prod

ucti on3coul d

be 20 22etected in cells

kept at non-perm ssivg tenpefaturgglable|3. These
results show t hat—eur—hew-veetor—system conbi ning the
CytTs systemwifth the7epi sonply ré%ﬁ i catiing EBNA
system | eads tof high groductjon leyels im BHK cells on

sel ect ed popul at+-ers—Fhe—expresston—tevel s are at
| east as high as the ones obtained froma stable cel

cl onepapihd: CﬁEAF%&u@ﬁoﬁ MR ACTIBR AP OPE Qfesifrerat days of

not shown). In addition the
induction

E. Comparison of the EPO production derived from pCytTs-OriP-EPO
or with pCytTs-OPE-EPO in 293 EBNA cells

We further investigated whether an additional copy of the EBNA-1 gene on
the same plasmid leads to higher expression of the gene of interest in 293-EBNA
cells. 293-EBNA cells were transfected either with pCytTs-OriP-EPO or with
pCytTS-OPE-EPO (see Example 2A) using Lipofectamin 2000 (BRL) according to

the manufacturer’s recommendation. One day after transfection the cells were split 1
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25 new systemis still tightly regul ated as

denonstrated by up to 300,000 fold induction observed

waip@ea/osssnd ti ng the cells to 29C. Days | U m FoPdI/EP2003/009291

i nduction wuninduced 3 3 544410 159651 4 717990
210554 WO 2004/ 018506 PCT/ EP2003/ 009291 -54 7 988880
289994 9 994140 291537 Tabbe 3: | FN-(3 production
with pCytTS-IFN-CPE in BHK cells after different days
of induction. Besides IFN(3 production we al so

@03 WShe pREseteNsOBl8 GigiBNpioidycRUIA Beble call ool 0as sysid by
in BHK cells. Selected cell populations were l%enerat ed

fmhqné@@pmgetheseumlérm@ewelﬂ@p\@oprgﬁum: ompeye TeelSERpsigm, cell
pog lgtrl ns wereeﬁ 4] pepssedS %l &7&0 l%pesa@gcei 0&?9 %55 %ﬂ?&ﬁ\%ﬁ1 8?16 plate

ant C S Wer e pass ates o

v@@eképﬁ&t Rept and on37ﬁatanda§ Bkifted he r29ﬂasfos Hhductidnt Gel Xilture
for i nduction. %émmwere taken fromthe _uninduced

sezaqmatﬁ&b oveag icgHect &aihy ptes i fed® dayy afefpindyetign The
gg o%tlﬁ‘QﬁPé) faxs HO0maldefl dllfﬁ?é'lg e?ﬁhtan%E@:e)re then, determmed

ncentrationd were measured in tHese sanpl es using
viibnat ELISALKItSR &Dr SySEAR, Minneapolis, WHA).r &5 shawsn am dable 5 the

AR T3PS e SRR A S5 1 s

uﬁ) @ EﬁO%uc%g c'éfﬂpﬁfeddﬂof the i@ aviciP bnly ldontdish el OAP. In

Conparison of the EPO production derived from
cgn}}tlsr@n,(ﬂnSFBXE%ne@tr shmmhthptc,\,evqrs iropgllsemtychreoptain @ERNptegrated

iy hrrigon e egt B SR TR BREIE ol AP RRl on
thy glaghide TRERIB$UMR sQfgdsh thaf eHREEBIN Al ndosigesihay be 29aniEBMAactor
for efficient replication to occur. In these experiments the EBNA1 dosage was
increased by a copy on the OriP- containing plasmid. Similar results may be obtained
if the EBNA1 dosage is increased in the cells either by the integration of further

copies or if the additional copies would be provided on a separate plasmid in trawns.

EPO (mg/l)
pCytTS-EPO-OPE | pCytTS-EPO-OriP
uninduced 0 0.02
4 27 0.2
8 3.9 0.2

Table 5: Improvement of expression with additional copies of EBNAL1 after 4

and 8 days of induction

EXAMPLE 3

CONSTRUCTION OF VECTORS OF THE pCytTs SYSTEM CONTAINING THE
GLUTAMINE SYNTHETASE AS SELECTABEL MARKER



10

15

20

25

30

cells. 293-EBNA cells were transfected either with
pCyt Ts-Ori P-EPO or with pCytTS- OPE- EPO (see Exanpl e

wQ@2)040%850¢ Li pof ectami n 2000 (BRL) accordi ng tBPCT/ER®03/009291

manuf acturer's reconmendati on. One day after
transfection the cells were split 1 WD 2004/ 018506
PCT/ EP2003/ 009291 -55 to 256 in the presence of 0.8
g/m puromycin. A stable cell pool was obtained by
further keeping these cells under selective pressure
for one week. Resistant cell populations were then

pass emhetduthiiheRlyAthefise £eas thaed eithes flvatl hahitackeld (CHTEK 1,
|late was kept at 37C and one plate was shifted to

s¢ émsm qrayoATCCa|Gat Pt GEE- 651 Sl hadamster fwnian kidney
| b
B 1%’%3\'4 {r%ﬁ &’é@ %&% %“%@ﬁ%&‘ﬁﬁlyeve etll@r(AT(hCé Cat. No.

I'nd ery op0|e I'n
-I15?:34IHalai A I aCaralNanCSLvie Rajit dells, AFCEY, anadb. CCL86; 293

BB et o 4 D 2 B ToFeion 8 TENARL e Bh-$305)

bggﬁe RleRARIT &F leSads tr'éu?scﬁgﬁgh t"ﬂ)tﬁq{lﬁgl & d lgsﬁﬁg RNR it R®lated

O production conpared to the plasm d which only
foonthe eedls tusimg@hé RNehsy K@ (€oagehubicgrP250 Hiten dwprud, fiahatsworth,
n ce s which conta

o1 Dicardhiet hEmasstft slheraimenlibn BuePogY dedtv

RNI& (R3S staloRNANcaadsH ddre3! usifPheDligdtée MR Ng rmel (Qikb&sdnc.,
results suggest that the EBNAlL dosage na

be
P riEtamyvemaiet Ghatswerth, &4, 4B & hx The mﬁuhmgu A_tcan@@éwt.ed with
%ﬁyasgpg)z%gl%ﬁg ?{shcgﬁ&r%gts e D%?A%ﬁﬁssgﬁﬁlemgs_ péé?)?nﬁ%gﬁl? the first

contal ni ng asm
stepaisidgSthe@Yietto SekipeR MeRCR Systémt (heviteddep] Candagell 4.6 024) with

citiér, B RN PEPOBAY RO HIBNA GHiiede Bishodl 964 ki op gandom
E%Yérg@(% c%ﬂa%&? &Wﬁcﬁe@%%@n&aﬁ%ﬂ?ﬁga@?@t %WA with

pCyt TS-EPO- Or'1 P uni nduce
RZNa%e(H ® refio8e mea;ompzanémmm priop toPEREmbptadnal. In the second

BRI L P BB W ERE il
gﬁﬁ?&%s Tg: Efgpc%’ DN AS 6B hEMs N AN glitmidel yhMANE the

YNTHETASE AS SELECTABEL MARKER
following oligonucleotides can be used:

hamGSfor: 5°- GTCATGAAGCTTGCCACCGCTCAGAGC ACCTTC-3’
(SEQ ID NO: 23)

ham GSrev: 5- GACTTCTAGACTGGGGCGGGGTGGGATGAAC-3’
(SEQ ID NO: 24)

hGSfor: 5°- GTCATGAAGCTTCTCGGCGACCAGAACACCTTC-3’ (SEQ
ID NO: 25)

hGSrev: 5°- GACTTCTAGACTGGGGCGGGGTGGGATGAAC (SEQ ID
NO: 26)

Restriction sites used for cloning are underlined (Hindlll, Xbal). The
resulting PCR fragment is purified using Qia spin PCR kit (Qiagen, Inc., 9259 Eton
Avenue, Chatsworth, CA, 91311).

To replace the puromycin resistance marker with the glutamine synthetase

cassette in vector pCytTS2.1, the glutamine synthetase cassette is isolated from Mul
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WD 2004/ 018506 PCT/ EP2003/ 009291 -56 The gl utam ne
synt hetase gene is cloned either fromhanster cells

W@ a@oKspe Chi nese hanster ovary, ATCC, Cat. NeCT/EP2003/009291

CCL-61; BHK21, Hanster Syrian kidney cells, DSM,
Cat. No. ACC 61) or human cells (HEK 293 cell's (ATCC,
Cat. No. 5 CRL-1573; Hela ATGEC, Cat. No. CCL-2; Raji
cells, ATCC, Cat. No. CCL-86; 293 EBNA, Invitrogen,
Cat. No. R62007; and 143B cells, ATCC, Cat. No.

ablRLBGANB) digdyedt hectoltpGIB-GS. rEneefiagmentanis arehridi aith Klenow
Total RNA or _cytoplasmc RNA is isol ated Afé{om,the
pe&m@aaﬁsuh@rdqﬁetOR&@aéwnku qndg cgnglg digateq jgto MuEgliggsgrd vector

Wl tr@i@ﬁmﬁl&owgﬁym%ﬁél) according to the
n

ufactures recomren 1on. Enrichnment of poly(A)+ 10
RNA flioosonttoteathe RidaltmgrpGeTih hgs tactarsvitigthe self @ligeatirgKEBNA

MRNA K| t i agen, 2 Et o Chat t
SeRemstipe 10 GG ofoiplsatgnrps O BT OHEL af TR Witk the
réMR8€6n tuﬁtlﬁt%i‘pYa‘;‘etdre@G@Hﬂ' OHPRGAR Bl XA BPNDA digestion and
synthesis is perforimed in the first step using the

tfahsfprm‘o‘um ﬁkwmfsﬁs{tm Kgsnw trogen, Cat. No.

1114 th either .total o)

"sel oL pRIterssRR TR it e AR metase gene o
selettiRy Smakeo ragd nrgaﬂsﬂsctdae imadiffeast Ucdb lirRs oasrrede@laﬁbeﬁn .above
Treat nent of cDNA wi RNase H to renopve th

(ESAMRLE RY- dﬂmﬂdé@lp?qlbkne{séhma nog ewﬁsda%n(gluiamuaenamthetasa
?%%Qﬁ%év 25 %thonRdaeﬁiu Egl?]iﬂ%?lgqq ﬂ'lé' Iﬂgdlﬁﬁl' ok Sthés%e?_élf hifies, a

. anst er or utam ne synt het ase
tangfectby GShgereRA foﬁcthmrm;tzeselaawblh uraeker dyupeamiittieg growth in a

nt het set foll ow n i cl [ n .
AL S 2 ot S e Sk B
MEKY produdimEGhdddeNds E8) nlabiirE Q¥ipheximine (MSXQ has to be
GACTTCTAGACT GCGATGAAC- 3 (pSEQ I D NO 24)
aHBSF arseletive GETAPERAGORNCTCHECERAUAGAACACCTTC- 3'  ( SEQ
25 I D NO 25) hGSrev: 5'-
GACTTCTAGACTGGGGCGEEGTGEGATGAAC (SEQ 1D NO  26)
Restriction sites used for cloning are underlined
(Hndlll, Xbal). The resulting PCR fragnent is
purified using Q a spi nEBE&MR h% 4Q agen, Inc., 9259
Eton 30 Avenue, Chatsworth, CA, 91311). To repl ace

the puronycin resistance marker with the gl utam ne
SYRTABIEY OF EXPRESSION IN DIFFERENT CELL LINES USING THE

pCytTS-EBNA SYSTEM

Vectors of the pCytTS-EBNA system containing either the EBNA origin of
replication (OriP) alone or in conjunction with the replication initiation factor
EBNAI1 were transfected in different cell lines.

293 EBNA cells were transfected with vector pCytTS-EPO-OriP using
Lipofectamine 2000 (BRL) according to the manufacturer’s recommendation. One
day after transfection cells were split 1 to 4 in the presence of 0.8 pg/ml puromycin.
Several days after selection a stable cell pool was obtained which was further
expanded. To asses inducible EPO expression, resistant cell populations were
trypsinized and two T25 flask were seeded with three million cells each. Once the
cells had attached one T25 flask was kept at 37 °C (uninduced) and one was shifted



cassette in vector pCytTS2. 1, the glutam ne

synt hetase cassette is isolated fromMul WO
wQo@/0ss8606 PCT/ EP2003/ 009291 -57 and BanHl PCT/EB10881009291

vector pG.3-GS. The fragnent is treated with Kl enow

pol ymerase in order to get blunt ends and ligated into

Mul digested vector pCyt¥&-1 treated with Kl enow

pol ynmerase. To conbine the resulting pCytTS2.1 gs

vector with the self replicating EBNA 5 systemeither

td RO <« ifgi induktisre Pk ireplicon replicakion (4aGEBHO @xpkssioh. Cell culture

together with the replication initiation factor

sypsEete Werp eolleoted bivmi beld plptavoteveni st i dyction. The

eb&l@r'aggig{iﬁ ?EP?méQ/ef feadQkl Rl preﬂlgl/atxlilés%aéld&ﬁrmined with an
ectors of the present 1nvention contalning the

EQISA it (R BySytsteaisadinnpapeligdISAklAebadkap plae lof thearesistant cell

transfected in different gell |ines as .described. above.
petl Pk St aRreasd ek |1A0 RS S disehodo determine
s@bEDF FPD @gﬂ)ﬂggﬁdﬂ Ber SYMAELRSE) ERNABI HeIBHCKE plate were

wi t hout added glutamne in the medium For these cell
s¢cdnd 9t intervals gheficert tnd vBRkg egain eanl 25 fitask ias desesibed above. Cells

G TRB R PR A SR s

line). For other cell lines (e.g. CHO K1) producing
endogenous GS, methionine sulphoximne (MSX) has to be
15 added as sel ective|agent to ERR(rgg/it am ne-friee

10

15

20

25

I um EXANMP, 20 3 =
D FFERENT. G e ES. s Ne HE OEV%EQE%@ SvSTEM
Vectors of the bCyt TS{EBNA<H/5tem contaihdng eift her
the EBNAjoriginpof replicatgpn (OiP) agne or|in
conj unct irer—wt+h—the—-repHeaton—+p-ttat+on—tactor 25
EBNAL werle transfected in d&i%terent cell44ines.| 293
EBNA cel I|s wereqtransfiectedgy th vector 49
pCyt TS- ERG—E&+PustngT LHipofectampe—2600(BRL)
according to th® manuflacturdt!s recomerftti on.| One

day after gransfe;::ﬂi on cells were spl itI 1dto 4 ifn t he
Gl o dmbir: it R S-5R6-ORRn B Re Y biGeR 1 and s

wedkd Mr_cgglpfé’ﬁgﬁﬁ?l?éjecﬁgﬁ. asses induci bl e EPO
expression, resistant cell popul ations were

trypsinized and two T25 flask were seeded with three
had _attached on

Tos TR, il Ot ARPageleC il RRsBogp A ot G System
cShbirigd (D EAPY/ DH8ROGIIPE EfORA) 801ZAdng EBNA system allow
expression of EPO over several weeks without loss of productivity. EPO values in
the range of 3-5 mg/l are obtained. Furtheron the pCytTS system is tightly regulated
as at 37°C hardly no EPO production can be detected.

Having now fully described the present invention in some detail by way of
illustration and example for purposes of clarity of understanding, it will be obvious
to one of ordinary skill in the art that the same can be performed by modifying or
changing the invention within a wide and equivalent range of conditions,
formulations and other parameters without affecting the scope of the invention or any
specific embodiment thereof, and that such modifications or changes are intended to

be encompassed within the scope of the appended claims.



-58 to 29 C for induction of replicon replication and
EPO expression. Cell culture supernatants were
w@eodosecssedd from both plates seven days after iPpdEP20051009291
The erythropoietin (EPO level in the cell culture
supernatants was determned with an ELISA kit (R&D
Systens, M nneapoli s, USA)T5%Tbackup pl ate of the
resistant cell 5 pool was kept in culture and passaged
about 1 to 10 twice a week. To determine stability of
EPO eMbr pgicationsy epatey eammd  pataits appledationd rimentidned in this

backu | at.e .were ede t. interval s.of .one or t .
Tacnatiah aftPgieroo e tore bl Thog R e e ol potich mis
iMRhBoh PEMARS ah@lare’ hdeMSnedtforaRY by XRI&itk A0 tPsme extent as if
determ ned by ELISA (Table 6). EPO (ng/1l) Weks 37 C

each @ndiyidualp publcagion pategt Dr 2paent3applgation) was gpecifially and

iiSierdiglioyetss b e BB e Wen 1 and s

weeks after conpletion of selection. These results
show that stable cell pools containing a vector system
15 conbining the pCytTS systemw th the episomaly
replicating EBNA system al |l ow expression of EPO over
several weeks without |oss of productivity. EPO val ues
in the range of 3-5 ng/1l are obtained. Furtheron the
pCyt TS systemis tightly regulated as at 37C hardly
no EPO production can be detected. Having now fully
descri bed the present invention in sone detail by way

of 20 illustration and exanple for purposes of
clarity of understanding, it will be obvious to one
of ordinary skill in the art that the same can be

performed by nodi fying or changing the invention
within a wi de and equi val ent range of conditions,
formul ati ons and ot her parameters w thout affecting
the scope of the invention or any specific enbodi nent
thereof, and that such nodifications or changes are
intended to 25 be enconpassed within the scope of the
appended cl ai ns. WO 2004/ 018506 PCT/ EP2003/ 009291
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-59 Al publications, patents and patent applications
mentioned in this specification are indicative of the

wo enelo1sshe skill of those skilled in the art toP@hERIN03/009291

this invention pertains, and are herein incorporated
by reference to the sane e§% nt as if each individua
publication, patent or patent application was
specifically and 5 individually indicated to be

i ncorporated by reference. WO 2004/ 018506

PCT/ EP2003/ 009291 -60- CLAIMS: 5 1. A nucleic acid

(gggﬁgﬁle conprising: (A a first polynucl eotide

t which encodes an RNA nol ecule, said RNA
nol ecul e conprising: (a) at |east one cis-acting
sequence elenent; (b) a first nucleotide sequence
leonprA Bdkejc acid mojeculeamprisitging 10 franme, said first

open adi ti .
orenh T H A ABIAE R RS s SRRy, s
I east onem&mﬂedultcxioexqmsdg sequence sel ected fromthe
group consistin ' second open readi ng frane

i) a
encodi ng & poI9%@6?0890”E@B“%F?ﬁ“%”ﬁﬁ??@ﬁt|de sequence
conpl emenigyy 4ohaA| |nu9l%oﬁ"de° quete chHII?n $HSE ANErsPRBEN reading

readi ng frame of (1); (111) a nucl eotide sequence
encodi ng an unfiraags| satde (ﬁrﬁl\wpenrrmaémgl grape haj\rmg emmmleotlde

t hereof, wherein said seg ond

operably i nkeaeﬂlt?mf‘zﬁwg &Hm‘ir‘aﬁﬁ‘?"gﬁnﬁs@g é’é’ ?rﬁseed

by said Ry deraen@b@ﬂtonBNecormohuaemeeseqﬁa)ceases@@an(ﬁom the
pol ynucl eot'i de el ement_ conprising an origin of

replication; &meip(eopsiasting®t d pol ynucl eoti de el enent

encodi ng a repIJCatl n AW f 0 '
of recogni zi ng(gai d a%re?dél:ar?&)o }éaafﬁgtgagx{xl%nﬁe&gxg%%ﬁg@eﬁude,

nucl eic acid inl)eculaexuefeoﬁdléasequénce\ahmpmmmmydo gt b part of
of replication is derived froma. prokary %ic
organi sm a eukar yothesesershoneaseatingfrympe g (1); and

(iii)  a nucleotide sequence encoding an untranslated RNA
molecule or complement thereof;
wherein said second nucleotide sequence is operably linked to
a promoter which is recognized by said RNA-dependent RNA
polymerase;
(B)  a second polynucleotide element comprising an origin of replication;
and
(C)  a third polynucleotide element encoding a replication initiation factor

capable of recognizing said-origin of replication.

2. The nucleic acid molecule of claim 1, wherein said origin of replication is

derived from a prokaryotic organism, a eukaryotic organism or a virus.

3. The nucleic acid molecule of claim 2, wherein said origin of replication is

derived from a eukaryotic organism selected from the group consisting of

yeast, mammals and insects.
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30 3. The nucleic acid nolecule of claim2, wherein
said origin of replication is derived froma

we@anyssvé ¢ or gani sm sel ected fromthe group CPOEFEB1005I0P9291

of yeast, mammual s and i nsects. WD 2004/ 018506

PCT/ EP2003/ 009291 -61 4. The nucl eic acid nol ecul e of
claim1l, wherein said origrﬁkof replication is

derived froma DNA virus that allows for episonal
replication. 5 5. The nucleic acid nol ecule of claim

1, wherein said origin of replication is derived from
a DNA virus, preferably from virus selected from,
4 he TdFdslesod g@ql?fgﬂeof); P]éﬁpﬁla ip gaid iy GEeRlicaEon 1s
AdenQfi{ difroR AHNKGRRY BRY LYW ERr cpiloial rEPifedRivh! ei C

acid nnlecu?e of claim1, wherein said origin of
replication is derived froma Herpesvirus, and

preferably wherein.said prigin of replication .is., . .
Ser i vb8 TFIsH Eid IRl et clattp s “hee said ongil of seilispion is
aci d gepl@cib@ LONA @irle, JprefohdIye FirdmS 2 DN A iis keREted from the
replication is 15 oriP. 8 The nucleic acid nolecul e

of amyoupneconpisting: pf eRanillorgavingi nBolyamayisisn ddepovirus, and
repli ron.ipitiation factor is capable of operating

as a}%ﬁé?ﬁﬁl %ﬁintenance factor. 20 9. The nucleic

acid nol ecul e of any one of the preceding clains,

wherein sajd replication jnitiation factor .is _derjved .
6 1 om ke grsles 3o¢ inaolwéﬁaﬁf glﬁmah vahsredp yaid; igdn @4 AeRlirrien is

a vi rd‘éﬁvedzféo%]c?r HQ;?F%/F}#%' a%merélﬁfa@lmhﬁ‘éhﬁl KiCori AR B PMication

of the preceding rein‘sard replication

i ni tiimderord fmat Bpst¢is-Bher vimsdEBMOmM a DNA vi r us,
preferably derived froma DNA virus selected fromthe
group consisting of Herpesvirus, Papillomavirus,

7P0l y oanRMidckfo add anAvduldIsf cRM 1HERRAIA \ShidUsHigis Qf ¥dplicktiéh is
nucl eic acid nol ecul e of any one of the preceding

cl ai meiP.wherein said replication initiation factor is
derived froma Herpesvirus, and preferably wherein

said replication initiation factor is derived from

8EBV. WO QR4 4418 edfechicTHEMROsh/ STO8R Diecediig claims, wherein said

replication initiation factor is capable of operating as a plasmid maintenance

factor.

9. The nucleic acid molecule of any one of the preceding claims, wherein said
replication  initiation factor is derived from a prokaryotic organism, a

eukaryotic organism or a virus.

10.  The nucleic acid molecule of any one of the preceding claims, wherein said
replication initiation factor is derived from a DNA virus, preferably derived
from a DNA virus selected from the group consisting of Herpesvirus,

Papillomavirus, Polyomavirus, Adenovirus, and Hepadnavirus.

11.  The nucleic acid molecule of any one of the preceding claims, wherein said
replication initiation factor is derived from a Herpesvirus, and preferably

wherein said replication initiation factor is derived from EBV.
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. 'sai d sel ection marker con

12. The nucleic acid nol ecul e of any one of the
preceding clains, wherein said replication initiation

wo ami018506 t he EBNA-1 protein or a portion therenfP2083/009291

13. The nucleic acid nol ecul e of any one of the
precedi ng cl ai ns, wherein §§'d replication initiation
factor and said origin of r gTication are derived from
the same organismor the sane virus. 14. The nucleic
acid nol ecul e of any one of the preceding clains,
wherein said 10 replication initiation factor and
aid-qrigin.of . Lcat are deniv i f to.:
3oyl b SRR AP 8 S0 MEAE ATl B i
any agslicafion ittiploadeeong tied BBNB.-T protdig br a poniphitisdred. a
fourth pol ynucl eotide el ement, wherein said fourth 15
pol ynucl eoti de el enent conprises a sel ection marker.
156 i xﬂféfe!ice b&d QI(E(LIQCIIE)BP%QJ EncPbf fﬁ_le?ré@e&élg éMlﬁlrs,e{Vﬂerein said
rs resistance-to
Pur onyicatio2 thitiationThetonarel sidordgin éf naylliestidrearefdemved foore the
of the precedin | ai ns,. wherein said second open
r eadiSAGCOrEARST gr t?‘ﬁ Sgn¢ YIS | at abl e format after one or
nore RNA- dependent RNA replication events. 18. The
nucleic acid nol ecule of any one of the preceding =
184 ai he wiskaieaeid sedleculosl myAcrreplothd mneceMa Gumynwhersim said

is selected f.rom.th roug consi.sting of.. ..(a .

t erpariiaion JERET St dtB BB RE Aoliaichtse degved fiom
(b) atifferdnt srgipas bi GrdsB- dependent RNA pol yner ase;

and (c) a tenperature- sensitive, non-cytopathic

RNA- dependent RNA pol ynerase. 30 19. The nucleic acid

l e e any.: [ | qi : .ej n
1351 8 HeNaieBokif Mo Byl 1f, BEREE 0 Brihaing KL urber
and poafpeisalgl ya wWii@nth npolgaiclediNé- ddpaerdentvhéteih  said  fourth
pol ymer ase i s of al phavir.al orh%Ln. 2004/ 018506
PCT/ Bebatisleatidpggmentggmpysesmielqrier Magketci d nol ecul e
of any one of the preceding clainms, wherein said
RNA- dependent RNA pol ynerase is derived froma Sindbis
i r usTheanuglend adid mokesnkegif cldimus, whewin said seledtiongnarkerxonfers
The nucleic acid nolecul e of any one of the preceding
claiﬁg?gﬁﬂﬁﬁg%ﬂnggﬁqp'IQNA—dependent RNA pol ynerase is
derived froma virus selected fromthe

17. The nucleic acid molecule of any one of the preceding claims, wherein said
second open reading frame is in a translatable format after one or more RNA-

dependent RNA replication events.

18.  The nucleic acid molecule of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is selected from the group consisting of:
(a) a temperature-sensitive RNA-dependent RNA polymerase; (b) a non-
cytopathic RNA-dependent RNA polymerase; and (c¢) a temperature-
sensitive, non-cytopathic RNA-dependent RNA polymerase. '

19.  The nucleic acid molecule of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is of viral origin, and preferably wherein
said RNA-dependent RNA polymerase is of alphaviral origin.
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group consisting of Bebaru virus, Cabassou virus,
Chi kungunya virus, Easter equine encephal onyelitis

WO R20®185hOrt norgan virus, Getah virus, Kyzyl aperBPid3/009291

virus, Mayoaro virus, Mddl eburg virus, Micanbo virus,
Ndumu virus, Pixuna virus, _Tonate virus, Triniti
virus, Una virus, Western €fui ne encephal onyelitis
virus, Whataroa virus, Venezuel an equi ne

encephal onyelitis virus (VEE), and Ross River virus.
15 22. The nucleic acid nolecule of claim18, wherein

ai d tenperature-sensitive RNA- endent RNA .
Dol yAf dDElef S Eietoled Do ot G4 B PEENDe S egherein said
bel o N4 depbident RRASSoliRaGe fsi deBiveFrdnDs SAHd8Ts iRBa BBAliki
replicase activit exhi bited at 34C or above. 20 23.
The rgrdsbyigusseriag h&gW.e of claim 18, wherein said
tenperature-sensitive RNA-dependent RNA pol ynerase

has replicase activity at 34C which is at |east five
2ol d Thewskleidaiid ititedulpdfl Syseheasst thy iptecedixpichiitne Owidrein said
29C. 24. The nucleic acid nolecul e of any _ one of the

pr ec &V Agepengdens RN pelpmprage isgderved feam govigis sglerisd drasy the
fra C . jne: tNE, :
neer G SR GYRA G CakBROR G CrflchitiRle i, Eastr
pr odryggine eneephalowselifingruse Ragtmeorg2h virt éGetate veus; Kgzykhgach

nol ecul e any one of,. recedi cl ai ns, ein .
oot 0 rgs Sl Raen iddibuBL G MuhBa oty N virus,
unt r apslmat @dufNAoHRE €Girlse BAMAC HAds WOrd0QAL)184Rm equine
PCT/ EP2003/ 009291 -64 from the group consisting of an.
ant i seerpbalRmyelids ecuires, a WhMAraap! edimlse, deng equine
nol ecul e nd a.ri.boz 26.5 An,expressi on system

conp eeshalnsyefu] VER R, SERATEERIE ol ement whi ch
encodes an RNA nol ecul e, said RNA nolecule
conprising: (a) at |east one cis-acting sequence .
231 ende; nuclgjc acifjmalece of shimdks, suneincBid mperarggensitive
first ' f ird. f.i { [

fr e eRg et 1A ffferafinds rebiiest DREVEP AL Eperatures

RNA- defoandent viiéh poby teastafies felddgreatyr danl thaskeplivase activity
second nucl eoti de sequence sel ected fromthe group
consieshibited af34°C or above.

23.  The nucleic acid molecule of claim 18, wherein said temperature-sensitive
RNA-dependent RNA polymerase has replicase activity at 34°C which is at
least five fold lower than the replicase activity exhibited at 29°C.

24.  The nucleic acid molecule of any one of the preceding claims, wherein said
second open reading frame encodes a cytokine, a lymphokine, a tumor
necrosis factor, an interferon, a toxic polypeptide, a prodrug or a converting

enzyme.

25.  The nucleic acid molecule of any one of the preceding claims, wherein said

second nucleotide sequence encodes an untranslated RNA molecule selected
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WO eooaloksses a part of

(i) a second open reading frane encoding a

pol ypeptide; (ii) a nucleotide sequence conpl enentary
15 the second open readi PQI/EPEN®009291
of (i); and (iii) a nucleotide sequence encodi ng an
untransl ated RNA nol ecul e or conpl enment thereof;

wherei n sai d second nucl eot$tre sequence i s operably
linked to a pronoter which is recognized by said

RNA- dependent RNA 20 pol ynerase; (B) a second

pol y el thetziralp cehsisting ofcmmatisenise BNenmolecgliena RNA molecule, a
repli tlon]Ie and %ﬁ%ﬁe third pol ynucl eoti de el enent
enco olegiaod Z¥yftiation factor capable of
recogni zing said origin of replication. 25 27. The
expression system of claim26, wherein said origin of
26ep|MnanpunmpsSyﬁmnpvmmnﬂngnma prokaryotic organism a

Kk
Syst T ot PRI L sl endifs RTER i Qg

is 30 dem@ﬁloﬂéc@m@mﬁgk@fyotl c organi sm sel ected
fromthe %éfup consi sting of yeast, insects and

mammal s. 208Ulet 980 6L PCMERIUOBEGIMDEL - 65 29. The
expressi Qg}ﬁsys%e@s{)‘hu&g d& ge%ue &ﬁﬁﬂhsﬁ?ét g ﬁjlrsg I%P{S}h\l\géading

replicati erive ronla VIT US
for episomal r dphrecanidofirstSofRa. reﬁﬂmge ﬁpmres havang sy sielevtide

der fved 11 om & SERANGS S6R0nE o ROV ATFRE PR BRI TR and

sel ected fgom tmeasg o rges&ﬂsmélédimeoieqh&;oee&\ré&éas from the
Papi | | oma |rus Pol yomavi rus, Adenovirus, and

FbpadnaV|rusesgn&®c©n$ﬁﬁmsﬂéxpreSS|on systenlof claim

Froma rer pesviPus, “SHP L BFERADNG TG ar RO LGP BBl

froma Fbrpesvﬂ

of replicationgij) s qQﬁbM@@de‘ sreqaarﬁaabﬁFrmﬁawy ¥d &1USr a part of
(EBV). 32. The expression system of claim 26, wherein

said origin of repl iteerend ¢nenaeadimg frame gB(i); prd _
expr essi on SySt(%IT of a RileofldE s&{ueh&eerpcroﬁﬁl%déxpgnt?zln@iaf@l’ RNA

wherein said
molecule or complement thereof;

wherein said second nucleotide sequence is operably linked to
a promoter which is recognized by said RNA-dependent RNA
polymerase;
(B)  a second polynucleotide element comprising an origin of replication;
and
(C)  a third polynucleotide element encoding a replication initiation factor

capable of recognizing said origin of replication.

27.  The expression system of claim 26, wherein said origin of replication is

derived from a prokaryotic organism, a eukaryotic organism or a virus.

28.  The expression system of claim 27, wherein said origin of replication is
derived from an eukaryotic organism selected from the group consisting of

yeast, insects and mammals.
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replication initiation factor is capable of operating
as plasm d mai ntenance factor. 20 34. The expression

waeymuemsed any one of the preceding clains, WhBCEEP2003/009291

said replication initiation factor is derived froma
prokaryotic organismor a eukaryotic organism or a
virus. 35. The expression 5t em of any one of the
precedi ng clains, wherein said 25 replication
initiation factor is derived froma DNA virus,
preferably derived froma DNA virus selected fromthe

r consi st.in Papll omayi e e
oty GRS OAGERGH PLE 2. Rsatincq QEEing! Teptigation is
eXpr%@ﬁb&ﬁﬁ&ﬁ%ﬁﬁﬂAQ&u@ﬂ%ﬁQH&WQ&H%BﬁmEMQﬁg,aﬂGnC!a'WB,
wherein said 30 replication initiation factor is
derived froma Herpesvirus, and preferably wherein

Eald]%fPlI%%%bgggénltéﬁfk d%@p@%%?@ aﬂF8E¥§5°f g%anonls

expr esslanfronsd BINvirag)yprefeeabdf frohiea PNeA adiu Geleb@d fFom the
wherein said _replicatigon initiatiaon factor is the

EBI\IA%IO%'W@?T#Pg efv Hepesvips, PanlemaviruggPolypmavinys, ddsnayiyrus,

syst Q#M ;of the preceding clains, wherein

said rg Ftation initiation factor and said origin
repllcat|on are derived fromthe sane organisn1or

the virus. 39. Th ression system.of a
341 t B PPRESHPAGYERE: i ClAR ot HIEEn aid QR At Fepication is

| ni Uikl QbR G Hérp@sﬂ»‘i’rﬁ i REfelibIy @ﬁeréﬁmaicﬁ@’iglﬁ f #pfication
derived from 10 different "organi'sns.

expr esdironrd Spst Epsteifi-Bamyviorsd EBV)t he pr ecedl ng cl ai ns,
further conprising a fourth polynucleotide el enent,
wherein said fourth polynucl eotide el enment conprises
32, selTetekprassicH kotfem d14it 261 MheRADERS 6B FYEFIRANE is oriP.
ci ai m 40, wherein said sel ection nmarker confers

resi stance to Puronycin. 42. The expression system of

ny dj I WheSa .
32.600(3[21% resBSn gsﬁrSt&%f 509 o% r’gﬁ tg@{b?%c%gplgt %q%s fzx,hérerrrc%{) said
af t erreplrcen@r nﬁﬁ)ﬂft&mFM@tor de pamdlenéf bhdfatingphs plasmignmaintenance
events. 43. The expression system of any one of the
precéﬁ%ﬁ@ clains, wherein said first,

34.  The expression system of any one of the preceding claims, wherein said
replication initiation factor is derived from a prokaryotic organism or a

eukaryotic organism, or a virus.

35.  The expression system of any one of the preceding claims, wherein said
replication initiation factor is derived from a DNA virus, preferably derived
from a DNA virus selected from the group consisting of Herpesvirus,

Papillomavirus, Polyomavirus, Adenovirus, and Hepadnavirus.

36. The expression system of any one of the preceding claims, wherein said
replication initiation factor is derived from a Herpesvirus, and preferably

wherein said replication initiation factor is derived from EBV.
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wo b@4pisseedi ng cl ai ns, wherein said first,

second and third pol ynucl eotide el enments are DNA

el ements. 25 44. The expression system of any one of
S ePONHPZNE009291
third pol ynucl eoti de el enents are each present on a
separate nucleic acid nolgé | e. 30 45. The expression
system of any one of the pre¢edi ng clains, wherein

said first, second and third pol ynucl eoti de el enents
are all present on a single nucleic acid nolecule. WO
32004/The 85pEsHOT/SERD0G] 0P 28¢ of- 87 ptécedifigecleiums; evlsirein said

47 o e i Ea P et iRFR itofeud T Bk R

are present on a first nucleic acid nolecule, and
said third polynucleotide elenment is present. on a )
38ecorde exprassipeisysiemi of ary @nelaf. tha precemgesdpiness svhgsein said
syste -any. o3 I Y [
o SR i O b g G B PP HESER o e
f our shmpotganisfl @ahd stene €hgment capabl e of pronoting
the replication of said second nucleic acid 10
nol ecul e. 48. The expression system of any one of the
rec e clie ; :
S R LT, SaL 1 GECHRLMCUELS, Spldtin i
15 49eplithtore kptiasmi fantos \aad esaidobriginyofampliction e derived from
pr ec:agri ng clains, wherein said RNA-dependent RNA
pol yUfelent oreaniSiiSact ed from t he group consisting of .
(a) a tenperature-sensitive RNA-dependent RNA
pol ynerase; (b) a non- cytopathic RNA-dependent RNA
400! y ride gxpressaenisysEn of anyrape o4 ther precedingselaimgefurther comprising
non- ¢yt opat hi ¢ RNA- dependent , RNA S
The eXpRREERLRBHERERTrERe BR IREERBmgRegte clement
cl ai emp¥ibgraieiRcten tharkdNA- dependent RNA pol ynerase i s
of wvi raF origin, and preferably wherein said
RNA- dependent RNA pol ynerase is of al phaviral origin.
5 5%y T d j : 0 £
47 codbe PP STRURLAEE I Wil S8 SOl mppker confers
pol ynresisaseecits Pdemyerd froma Sindbis virus, froma
Sem i ki Forest virus or froman Aura virus.

42.  The expression system of any one of the preceding claims, wherein said
second open reading frame is in a translatable format after one or more RNA-

dependent RNA replication events.

43.  The expression system of any one of the preceding claims, wherein said first,

second and third polynucleotide elements are DNA elements.

44,  The expression system of any one of the preceding claims, wherein said first,
second and third polynucleotide elements are each present on a separate

nucleic acid molecule.

45.  The expression system of any one of the preceding claims, wherein said first, -
second and third polynucleotide elements are all present on a single nucleic

acid molecule.
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52. The expression system of any one of the preceding
clains, wherein said 30 RNA-dependent RNA pol ynerase

w0 200derssved froma virus selected fromthe grecpEP2003/009291

consi sting of Bebaru virus, Cabassou virus,

Chi kungunya virus, Easter equine encephal onyelitis
virus, Fort norgan virus, &fah virus, Kyzyl agach WD
2004/ 018506 PCT/ EP2003/ 009291 -68 virus, Mayoaro

virus, Mddl eburg virus, Micanbo virus, Ndumu virus,

Pi xuna virus, Tonate virus, Triniti virus, Una virus,
Western equi ne encephal onyel jtis virus, Wiataroa .
40i r ud heGEPIES TN SYSteay B O@n%flébﬁ RISRYBE elamS e said first

(VEELnd 350 205R1 FlVRlcedidd SlenendSare 16seBK BA @SfisPRucleic acid
system of cl alm49] erein sald tenperature-sensitive

RNA- mutdemite eand RN thiod ypodyrasieotide elamdnt ciaspresent ioni @ ysecond
at tenperatures below 34C which is at |east five fold
gr eat™¥ e‘cct‘i‘zﬁﬁfrpﬂlgcﬁs'pl icase activity exhibited at 34C

or above. 10 54. The expression system of clai m 49,
wherein said tenperature-sensitive RNA- dependent. RNA
430! y e ex@rassion r¥gEmcak any ong \aft fie sireceding plpisns, | heggin said
| east  fiive fqld L Cas [ ] .
exhi BT L e a‘fd‘%&dqgﬁggﬁgh&é}ﬂg@p?@g ljllsgg agys eﬁm\ﬂgﬁ%gﬁlfonde
one efenidne cppatledt Ppgomobtaigrehe wiptication sfisadd sseamndudgieracid
readinq frame encodes a cytokine, a |ynphokine, a

t unoMOlEkE osi s factor, an interferon, a toxic

protein, a prodrug or a converting enzyne. 20 56. The
expressi on system of any one of the preceding clains,
48her dihe e@rasios eystanh ofleheone dd the quesedimgecloimake swlzanein said
unt ranslnﬁt ed RNA. nol ecul elected fromt hef r.ou

cons RELR g pleIcaA LR SU TR AR 8 g &l Qpsgplicabion

nol ecule, a TrRNA nolecule, and a ribozyne. 25 57. A

met hod of nmaking a reconbi nant host cell conprising . )
4Pnt r ddhecéxpeessing sysiaml ef ennend afothe queeedste elpnsn herein gsaid

a ho el . 58 pIhe th ' ' ' ,
Ry e
gr oua) @nemptranige-dnsitive) REAl-dspeadeit RISAS polginkiage, @) a non-
30 dependent RNA pol ynerase; (b)l a non-cytopat hic

RNA- @gﬁ)@ﬁ@é:ntRij%pendent RNA 'polymerase; and (c) a temperature-

sensitive, non-cytopathic RNA-dependent RNA polymerase.

50. The expression system of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is of viral origin, and preferably wherein
said RNA-dependent RNA polymerase is of alphaviral origin.

51. The expression system of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is derived from a Sindbis virus, from a

Semliki Forest virus or from an Aura virus.

52. The expression system of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is derived from a virus selected from the
group consisting of Bebaru virus, Cabassou virus, Chikungunya virus, Easter

equine encephalomyelitis virus, Fort morgan virus, Getah virus, Kyzylagach
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WO 2004/ 018506 PCT/ EP2003/009291 -69 pol ynerase; and
(c) a tenperature-sensitive, non-cytopathic

wodhdegsendent  RNA pol ynerase. 5 59. The net hedr/ab2003/009291

claim57, wherein said nucleic acid nolecule is

i ntroduced by way of transfection. 60. A nethod of

maki ng a reconbi nant host c®$t conprising introducing
the expression systemof claim26 into a host cell.

10 61. The nethod of claim60, wherein said

RNA- derpgnNegdarRNA ryo | Midellcbsieg ivirus,s Mieatnbd  Vinem Ndwenu virus,

group.consi sting of. (a tenperature-sensitive RNA-
depe%&i’%ﬂ? W’pgp%ﬁr‘ggée af%‘)“tlaVHBﬁ- i@‘f"o&ﬂ‘%i estern equine

RNA- deRoRsietlye N PRAY TerWRSardaNd {ifus, @ Venezuelan  equine
tenperat ure-sSensitive, non-cytopathi c RNA-dependent

15 RecepbhlpmyrhigevingZVER)eandRdso Rivdfr vouai m 60, wherein
sai d expression systemis introduced by way of
transfection. 20 63. A reconbi nant host cell produced

5By t ITae BRpROGSystnPbMISM 49,6¢herdin s&id aepétatite-dSitive RNA-
cell produced by the nethod of claim®60. 65. A

recoRBpandaet RO pebimerassniasi EpHgase2®tivily & tempsatures below
00, SO o SO R B AP IR S W

sai d
ci s- agéd gPaRrAguence elenent; (b) a first nucleotide
sequence conprising a first open reading frane, said

first open reading franme having a nucleotide 30

equence encodi ng, an - dependent R ol yner ase..
ey doeesneio S ernn R S SRR RS-
f r omdepide @ RNA pélnmeabé Rgs fplicadO a200Hy @l 8FQBwhich is at least
PCT/ EP2003/ 009291 -70 (i) a second open reading frame

encodivadold lowerthapthe aeplicage acividy extubitcsk atd@°Gequence
conplenentary to all or a part of the open reading
frame of (i); and

55.  The expression system of any one of the preceding claims, wherein said

second open reading frame encodes a cytokine, a lymphokine, a tumor
necrosis factor, an interferon, a toxic protein, a prodrug or a converting

enzyme.

56.  The expression system of any one of the preceding claims, wherein said
second nucleotide sequence encodes an untranslated RNA molecule selected
from the group consisting of an antisense RNA molecule, a tRNA molecule, a

rRNA molecule, and a ribozyme.

57. A method of making a recombinant host cell comprising introducing the

nucleic acid molecule of claim 1 into a host cell.

58. The method of claim 57, wherein said RNA-dependent RNA polymerase is
selected from the group consisting of: (a) a temperature-sensitive RNA-

dependent RNA polymerase; (b) a non-cytopathic RNA-dependent RNA
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(iii1) a nucl eotide sequence encodi ng an untransl at ed
RNA 5 nol ecul e or conpl enent thereof; wherein said

wa@e@andssnacl eoti de sequence i s operably |inkedPCDEPB03/009291

pronoter which is recogni zed by said RNA-dependent RNA
pol ynerase; (B) a second pol ynucl eoti de el ement
conprising an origin of reﬁﬁ‘tation; 10 and (O a
third pol ynucl eoti de el enent encoding a replication
initiation factor capable of recognizing said origin
of r eplynoeatsepand 606.a Fmpenabrondisitivet norosytopathic RIFAelepéndent
65, e'p said third polynucleotide is 15 stably
inte EGMEEt he genome of said host cell. 67. The
reconbi nant host cell of claim&65, wherein said first
and said second polynucleotide elenments are present
on a first nucleic acid nolecule, and said third

| | ; . o . :
0! SO QYRS PSS BN, PYE e
cl ai w#f5f tilskeetisn. said first, second and. third

pol ynucl eoti de el enents are provided on the sane
nucl eic acid nol ecule. 69. The reconbi nant host cel

8 clRififod or‘gﬁa[@%“ 8%?%«?}112}9%‘[ st lcelf QUTRY; .rgﬁl?oi.m’_?ﬁlédgé the

than "one copy pol ynucl eot 1 de.

r ecorelspression yosim of¢lhinol6 mitaa hwodeellwherei n at | east
one copy of said third polynucleotide is stably
integrated into the genonme of said host cell. 30 71.

6ihe rEeaAbhbaBY cRRft60C Mhkredf sA8RMNARIPEndcHERNIACEEI¢MRESE is
clains, wherein said second open reading frane is in

a traplstiad afiora thergravp aprestingnef: ofa) reo fenmRrgurechepEive MNA-

nor EBUER B3 Pelithéase) a0 RoREiRnic RNAdependent RNA

of anylyen@aet ahd &)pr ee@ehafige-sémitie, nyieytepathis RMIA-dependent
first, second and third pol ynucl eotide el enents are

DNA HNpeineraser3. The recombi nant host cell of any

one of the preceding clains, further conprising a
fourth pol ynucl eotide conprising a sel ection marker,
62her dihe msthod of ell@mt 60 nviaeik exaid expresssonr stest anorotiaced by

Puronycin. 74. The reconbi nant host cell of any one of
t he B%é’c‘g faRsfeetion s, wherein said

63. A recombinant host cell produced by the method of claim 57.
64. A recombinant host cell produced by the method of claim 60.

65. A recombinant host cell comprising:
(A) afirst polynucleotide element which encodes an RNA molecule, said

RNA molecule comprising:

(a) at least one cis-acting sequence element;

(b)  a first nucleotide sequence comprising a first open reading
frame, said first open reading frame having a nucleotide
sequence encoding an RNA-dependent RNA polymerase; and

(c) at least one second nucleotide sequence selected from the

group consisting of:
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10 second nucleic acid nolecule further conprises a
fifth polynucleotide elenent capable of pronoting the

wo epiiocsadé on of said second nucleic acid nol eRCi/BP2085009291

The reconbi nant host cell of any one of the preceding
claims, wherein said 15 nucl eotide sequence further
conprises an origin of replication. 76. The

reconbi nant host cell of aﬁbﬁbne of the preceding
claims, wherein said RNA-dependent RNA polynerase is
selected fromthe group consisting of. (a) a

t enper at ur e- sefi3i t i esedRNAodepmadmgtiraRiensolipgarmdypeptide;
(b) a non 20 cyt.opat hi - dependent RNA pol ase:

and (c) at enpépat u?@yaggf[\lf@l steﬂgeél,ce GOHP 66‘%:9' angﬁ or a part of
RNA- dependent RNA pg{e\dieh aing ffamd BE(i); @a@Nbi nant host
cell of any one of the preceding clains, wherein said
reconbi nant ho§ii) cehInuckotidarsaavanieagncoding, amnetragsiatesi RNA
preferably said 25 lian cell i selected from

the group consi sti nB’%Z?%H% C}{&ﬂ%lﬁﬁfg%ﬁfﬁt :t:heéeOf’pr i mte cell

and a rodent c@hbre#iBsaidsétohd adclEGideNeq@éttt igoperably linked to
pol ypepti de or untranslated RNA nol ecul e, said nethod

conpri si ny: Prepofer) whighr étuesaggized eby usid RNAcdgpendent RNA
nol ecul e laiml into a host cell to produce a
reconbi na §lyﬁggatsggcel [ ; and WD 2004/ 018506

PCT/ (82003 56092 $dblynucl2ofidy) elemkhtucannysyishiad ah pegimndfi replidation;
host cell upder conditions suitable for expression of

sai d pol tide or untranslated RNA nolecule. 79. The
met of 5 aliRl FRI¥Rucldidl RRIenP BRIJdR S rdpBIE AV intéhtidA i filctor
pol ypépti de or untransl at ed RNA nol ecule. 80. A

met hod f ovappbledd cécognizingohidupeigin dreplicativny ans| at ed RNA
nol ecul e, said nethod conprising: (a) introducing the
expression systemof claim26 into a host cell to 10

660" OdDEreomBRRARDhGRR REL P S1aimed J, ;wihéin (sB)d ®itdtpalymigleotide is

sai d reconbi nant host cell under conditions suitable
for stablypindegrpisd infp thagemops|of saigthostecedr  unt r ansl at ed
RNA nol ecul e. 81. The nethod of claim 80, further
conpri sing recovering said polypeptide or 15

67unt rBiestcadbmbbiraiihosi| cetiudfeclaim 65, wherein said first and said second

polynucleotide elements are present on a first nucleic acid molecule, and said

third polynucleotide element is present on a second nucleic acid molecule.

68. The recombinant host cell of claim 65, wherein. said ﬁrs_t! second and third

polynucleotide elements are provided on the same nucleic acid molecule.

69.  The recombinant host cell of claim 65, wherein said host cell comprises more

than one copy of said third polynucleotide.

70. The recombinant host cell of claim 69, wherein at least one copy of said third

polynucleotide is stably integratéd into the genome of said host cell.

The recombinant host cell of any one of the preceding claims, wherein said
second open reading frame is in a translatable format after one or more RNA-

dependent RNA replication events.
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82. A nethod for regulating the expression of a

pol ypepti de or an untranslated RNA nolecule, said
worethomseonpri sing: (a) introduci ng the nucl ei BCHEPZN03/009291

nol ecul e of claim18 into a host cell to 20 produce a

reconbi nant host cell; (b) grow ng said reconbi nant

host cell under suitable culture conditions; and (c)

changi ng the tenperature of khe reconbi nant host cel

culture from (i) a perm ssive tenperature to a

restrictive tenperature, or 25 (ii) a restrictive

tenperature to a perm ssive tenperature; wherein said

ol ypepti de. or transl ated RNA ' by .-
7Eo; P e oRn At RER T a8 o85O TReFRK ok SsHE i feisaid
82, NEk&iondSal thiRPpiIpRRIdotide efeneniairy DNA eldtnehtiat i s
30 toxic to said host cell. WO 2004/018506
PCT/ EP2003/ 009291 -73 84. A nethod for regulating the
expression of a I t] r..an d
7o bt ecouthioty el B oo iopdof e BREBHECCIAN, further
expresgirihesy $oath pblyalicledtidéOconiirisig haelectiml matler, wherein
produce a reconbjnant host cell; 5 (b) grow ng said
r ec oielsl sedastion srarker confegiigeistages ‘loapdir%mXE%t ure |
conditions; and (c) changing the tenperature of the
reconbi nant host cell culture from (i) a permssive

- 74 enpHictedombimnahose stil iof iy ent efipier pteceding olairs,i Whegein said

restrictjve fenperature to erm ssive te ratyure;, ..
10 VBT (Pasleie) A0t BB BRe P PRHS Codl BuRonieleotide
DI eqithént! SapabeOseprobtB@! tHe replichtioR ATy ELE lseindduclélb acid
The nethod of claim 84, wherein said polypeptide is a
pol yipeletilde that is toxic to said host cell. 15

75. The recombinant host cell of any one of the preceding claims, wherein said

nucleotide sequence further comprises an origin of replication.

76. The recombinant host cell of any one of the preceding claims, wherein said
RNA-dependent RNA polymerase is selected from the group consisting of:
(a) a temperature-sensitive RNA-dependent RNA polymerase; (b) a non-
cytopathic RNA-dependent RNA polymerase; and (c) a temperature-
sensitive, non-cytopathic RNA-dependent RNA polymerase.

77.  The recombinant host cell of any one of the preceding claims, wherein said
recombinant host cell is a mammalian cell, and wherein preferably said
mammalian cell is selected from the group consisting of a human cell, a

primate cell and a rodent cell

78. A method for producing a polypeptide or untranslated RNA molecule, said

method comprising:

(a) introducing the nucleic acid molecule of claim 1 into a host cell to

produce a recombinant host cell; and
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(b) culturing said recombinant host cell under conditions suitable for

expression of said polypeptide or untranslated RNA molecule.

The method of claim 78, further comprising recovering said polypeptide or

untranslated RNA molecule.

A method for producing a polypeptide or untranslated RNA molecule, said

method comprising:

(a) introducing the expression system of claim 26 into a host cell to
produce a recombinant host cell; and

(b) culturing said recombinant host cell under conditions suitable for

expression of said polypeptide or untranslated RNA molecule.

The method of claim 80, further comprising recovering said polypeptide or

untranslated RNA molecule.

A method for regulating the expression of a polypeptide or an untranslated
RNA molecule, said method comprising:
(@ introducing the nucleic acid molecule of claim 18 into a host cell to

produce a recombinant host cell;

(b growing said recombinant host cell under suitable culture conditions;

and

(c) changing the temperature of the recombinant host cell culture from:
(1) a permissive temperature to a restrictive temperature, or
(ii) a restrictive temperature to a permissive temperature;

wherein said polypeptide or untranslated RNA molecule is encoded by said

first polynucleotide.

83.

The method of claim 82, wherein said polypeptide is a polypeptide that is

toxic to said host cell.
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84. A method for regulating the expression of a polypeptide or an untranslated
RNA molecule, said method comprising:
(a) introducing the expression system of claim 49 into a host cell to
produce a recombinant host cell;
5 (b) growing said recombinant host cell under suitable culture conditions;
and
(c) changing the temperature of the recombinant host cell culture from:
1) a permissive temperature to a restrictive temperature, or
(ii)  arestrictive temperature to a permissive temperature;
10 wherein said polypeptide or untranslated RNA molecule is encoded by said

first polynucleotide.

85.  The method of claim 84, wherein said polypeptide is a polypeptide that is
toxic to said host cell.

15



