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VECTOR The present invention pertains to a mammali an
we@xppesseon vector for expressing a pol ypepti deCDEP2008/067947

interest as well as to nethods for expressing a

pol ypeptide of interest in_g _manmalian host cell by

using a respective vector and host cells conprising

said vector. The ability to clone and express

recombi nant pepiiafRfaidRN EXPFEEISIONI VESPHRES anounts has

become increasingly inportant 1n the recent years. The
ability to purify high levels of proteins is inportant
i n the human pharmaceutical and bi ot echnol ogi cal
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evel s, . a r . .
s B o GG bl SR bl o
that agerqthermiseodifficus teyo8taln m Brantist ga BE oveLSyPpseRin a host cell and
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production of therapeutic proteins. Key advantages of
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of intéDuFé%E:%su\Wﬁlgfas Qg%\.?étgﬂp‘%u%sr é‘rﬁbsbéddo@ﬂéilcoﬁi?@’éréﬂidiﬂltrqm production of
wersgifie s, 13-4 0680 9 5 R1o BT YR Lk st
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and the translation initiation region, the efficiency

of the 3" untranslated region, to pol yadenyl ate and

termnate transcription, the WD
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WO 2009/ 080720PCT/ EP2008/ 067947 pol ypepti de of
interest or conprises a site suitable for inserting a
W0 e®pest7eive pol ynucl eoti de encodi ng t he pol ypeptT/ar2008/067947

interest. A "polypeptide" refers to a nolecule

conprising a polynmer of anipo acids |inked together by

a peptide . bond(s). Pol ypeptides include pol ypeptides

of any length, including proteins (for exanple, having

nore than 50 am no acids) and peptides (for exanple,

insertinagiter gf the-rardpralprintegrateddsjomipinantgepe inithe hast chreeosome, and the

numbé @fﬁﬂte@ﬁaté@@bﬂés REMd gese tHat &mhelagtdxwefsyed)rlncreases in gene copy

numbglJ a?r@%és\f' tc:ﬁ{'fm i \i%&%eeaﬁnﬂh@a eIk Gih8¥ defl&iént in an
fP@ ﬁﬁ%u

essi on
enzyme, gD 85 O ePécsa'a{f? e ppletase (GS) in
conjunptine withbaxpedssian wetoes:cqualemswenes egeerding tesewenzyees and agents

such M%btr@iht@tmmmhdhaﬁhubwmERI arsd memerﬁa guffogarhiele (MSX) which

|nh|b|t99(§$ Uéf’mg 5%%?189; vg@tm%aé%rﬁlﬂpln&éﬁe ?@éol hé'dﬂ?ert Béhtrol of a

strong, QreMpIeT AN 95nes < Forpclnge O eﬁx@vo g A'ngE Gh transfectants,
respeetivplye as¢ dinstcetigined eandoggne ampgflqatlmmnsmmranchleved by growing the
transf@é’(%tbﬁﬂ %F%ssﬁélk/%dr@éﬁlrfg EBMCKRFatidas ef MIFRBYMSan,

an‘p i fiab ect abl e marker genes all ow. sel ectl on

vect or-contai ni ng _manmmal i an host cells as wel

Itis trgre%ecaﬁmher PTese Nt JAvEnteN 1@ BrIde,a{hiFIRs %Ve&r%%eéémvsei?f p well as
an explession systero\fior ekpeessing respolyipeptidenof ifterest in & mameealiaagell.on

used to describe features of a nucleic acid sequence

Accorg% ﬁt Sctﬁ%:{)or utcléﬂ{ act.lgsorp&gdrgést(ﬂ% %{Slegstn&gé ?oﬁéﬁﬂﬁ@tocf interest in a

mamraalign cef M@Y'f’%‘f iSSMPHFINENA pol ymer ase or translation by
the ri bosonme which proceeds in 5 to 3 direction.

(a) SYIBSEHHFE expsHiBA chEstie (PO)) fanskprsudngtd SalypepBde of interest;

0 SREvSALST g$ées§g% W%@Mgpﬁﬁ% rilfal R e /iR &%r@?bgﬁe
(©) AR gpPrensiangassette o(MASM) (COEPTiERY | & MAAMELR: A fifble. sclectable

ararkergensherei n t he arrowhead points in the 3'
di rection. Accordingly, 5 (upstrean) i ndi cat es

wheregne %téére | % g’et%oﬁde! rﬂ%lﬂnédd) g‘ari e eQErelsgiBﬁ ?é%‘gte (MASM) the

exprepsien cassatien (MSHA isiocatad 3 frgRdth %ame%%'%bcas\ﬁﬁ S CSSEB Whgrein the
expressions cassettst (MASMThGDQI')ratwéNﬁM) aned agangatt dn ithe) ssme 5 to 3’
orienthfiéh. expreSS| on cassettes present in the vector of the
invention is inportant. According to the teachings of
the present invention, the expression cassette (d %; .
A “vegter pucleig @gids acwdlpﬂéo g;gppﬁgntdﬂvedgggés( g po Mﬁ%ﬁ@t! e that carries at
least Aoe dorgignghycleit lagidefkagresti Anvestas suicleic aapIMctiops |lise & gaolecular
carrie?’, déflleAf§ fragientshst r@l&léfceécﬁdsoﬂésﬁ@&ﬁélybalyﬁﬁ’&édtld@ﬁGhtblé host cell. It

compﬁge%sa% I@Js?éhg]ehyregf&{ gs‘%ﬂ]gcorﬁ lll’gl reg\ﬂ% ?@8&9 nces. An

expregsien CRBERe BlSNE,BF, PIBPY SPEBIRN ﬂoafbﬂfrf@rp%a fieo 'de The
expressios eassetties denmsadeeid»r Itheet \pessRNt lmeermoprwlﬂsheowbﬁags@ttwedescnbed in

further MREM). FRélgh NRIyPBIEEERES08.gC aRe&dINE the Pblypeptitie of interest may be
|nsert§21( I{t %ﬁ’é %Qpr% g, 8r? tc%gsegtgg’g{ tﬁ%véq?x%raﬁfcﬁje g’amg |r9 Wréé?eto be expressed.

SeT OnPcasset
The vegios diucleic ﬁﬂ9 aseordingeta e peseRtdRvaniah éw be grepent in circular or
linearized $@tit Eaid e Thawed. kevBMultipeiclbning site ¢MC8h addi ti onal
expression cassette (PO1') for expressing an

The %‘}gldets '8? Q%%%eg (}5§ifé &s %}L é)@:ﬁ’ggs?o%t cagg&'?eciro'r Qg‘?reéging a polypeptide
of interegiciHpid ?mas'oarﬁﬁwf&!&\f% @'thaf P°'§PF‘%ﬁ§g‘Bﬁ PPW"M@@Q@W"'“Q the
5" to 3" orientation. The inventors found, that WO
2009/ 080720PCT/ EP2008/ 067947 4 this particular vect or
nucl eic acid configuration allows the fast generation
of high yielding cell lines. According to one
alternative, the expression cassette (P0l) does not
conpri se the polynucl eotide encoding the polypeptide
of interest Thus an expression vector mnth an
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WO 2009/ 080720PCT/ EP2008/ 067947 The vector nucleic
acid can be transfected into the host cell inits
w@R0oe08Er0 f orm Supercoil ed vector nol ecul es URCEHEP2008/067947

w || be converted into |inear nolecules within the
nucl eus due to the activityzof endo- and exonucl eases.
However, linearization of the vector nucleic acid
before transfection often inproves the efficiency of a
stabl e transfection. This also as the point of

polypepitide af iirteresoor cryprises @ositer siithlld forf inserting @cespedtive polynucleotide

encodﬁdgﬁﬁébbl@ﬁébt@leldfintér@stt ransfection. Hence, according to
ne enbodi ment of the present invention the expression

vector conpri se redefi ned re triction Sit
A “polyBePlie’ (PLRIA 19 3,m0IFGiLe POmRREITEHa GEVISS O Bing: 2 qe?c'lfgﬁ%%g?thef by
a peptidé thopd(sprPdiypeptidassinelote melypeptides| of pawtlepathciopibding giroteins (for
examﬁlé' KhvingR8fd thah 50 Anies hEiS)tdnarpeptitds for dxapmple, dating 2 - 49 amino

o ALY 92 i Sy s 4 g, S

examples aieRuiineditelovor der / ar rangenent of the expression
cassettes when the construct is integrated into the :

The e&SFé@QBn QhsédiR (MEMPHéfRSs AR lexprision dasughts, confprismgcd Arammalian |

selectgﬁfee %%‘ge?rc :ggge;axﬂa%% hs gel@ct%ﬂ)l@ eﬁm\l\hge¢t deéHésf 5 Itfd | Qiection of

rzin Sal
mammaliaadiqsy, gellsotPmRsising] Sa!q' genes and thys |°§ea%a'|ee b Rellspromprising

the veziqpr Seitabienexanyret dre sle¢dviey imdetail MASN) . Preferably,
said linearization restriction site is unique and is

The egege%sngﬂ%e & es%y) detflpgs Wé>§f§§s%“ éé%gétﬁer ccﬁh’ﬁs a mammalian

amplifighle) sejpstablesmages gane-ddampatian, auiifiate. éﬁ'%ﬁ?fﬁﬂ@ prRes allow
selectiorl ohwettdridontirfimge aemealian rhost cais d@sowglhes gane emphfatatlomeSwtab'e
examFl@QtaPé déstriBdd h detfipedslv.at the linearization

estriction site but not (or only rarely) e. g. Wit hin
t he ex,pres“sl on cassette(s) or the vector b? kbone. .
The temmss'5¢ a@nde™3y” istfecasmemsianuged i gessribe featiigs a7 # augipic Acidggauence
relateglitb eitfierrthe positidr dfgiehetic elaments aneior the diracticroghgventsn(5' to 3'), such
as e.§ YFEASEGRioRTby FNR Blpﬁﬁra%b%r%ﬁﬁaﬁlfﬂ ByBth@rribdBbR8 which proceeds in 5’

to 3 C(ﬁ' %Bgzﬁéu S}Sﬁﬁ\e r%e re% @r)ee(ﬁgpgﬁ\;vnét%%ﬁ3§gt §?n\)eﬂtlonally, DNA
SequeIfgs t JRNSVBMNS Neﬁaycqrﬁ% aRd BNA ﬁ%HS’r“fﬁ?raé? grapnyfy 510 3 from left to
right oretheditd Bodirestioreisdsdicated with|armowsr whereirothe rasrowhiead ipoints in the 3'

dlrechsdnt ?\ccérﬁln@@s?; ﬁ@sﬂeédwﬁ%ﬁfc’a%@tgéhétlé erhidntd pesiticheti@owards the left

R L2 Ay o e W A s s o e
side, WBPS}B&'BWFEéh'éfCOFYﬁ’%P%st) or in case a restriction
enzyme is used which cuts several tines in the vector

The Mg%h'féh?%h&’ OTIEAIABAIE Bf tHel e*ﬁeﬁlo?\ocd!sbﬂé@ pfRENtSIACAG vettor of the
mvenilgréﬁt,) 1n§qso$t§ht lél}%g@triggtg thg St%cﬂ\‘ingl% &f%é Wé%%?m"vgﬁtlon the expression

Ineari za

cassqtiestPQlkisiflenked & dyihe expressipneassetic MAGMLAgoReingly, the expression
- cassetep(MASMpris docatert 5 adjabBiM) toathe: EXREsgion icassstige(PQIp and in close

proxifijty Thélels® éﬁ“@&ﬁsé‘d%&ér%‘é’dkbbﬁé%éb@édc@!ﬁ by 88parafe tHe expression
cassq S&M)unldgmg)r (ﬁst/evg g @?%fﬁra%'i 'Jfﬁ(?rréxﬁésaﬁﬂ cagsette is located

s use
betW%Qfaﬁh%\r@(Pé@@f%‘sﬁéﬁﬁtR?eéMéﬁM)nP%o‘@ﬁ gxryession Lasggjte 1(BPN- The
exprdsbienesgssetis | (MSM)f iss éocatedl 3difofre tentexpreisyipe ptasdetts (POI). Further

exprés%oﬁ‘t‘é@égtt%@(iﬁé@ bé @ns@Ft@é! ibdveanlthé %ﬂ;ﬁﬁegﬁbh @8sdeft8s (PON)iadE (MSM),

co reg ti z

such h§§/| ;g%l &%dl&lglil?qu ﬁ)épr%si g&‘él{e_m%l f%)? PJssﬁB ¥H®3dditional

PO'ypéﬁtzfiﬁv%me@rﬁ?é éeseghedin rﬁ@ﬁ}qr Sgte 5 %ﬁotneoewwé‘f‘a&%?e%&t(msw

(POl)cand (MSN) aret dllcareacyged drs thensames §'dbt3 oriéntatiarh g he dhvented feund, that
mar kers or other vector backbone sequences in order to
ensure that the enzyne cuts only once for proper
linearization of the vector. By providing a
linearization restriction site conprising nultiple
recognition sites for restriction enzynmes having a | ow
cuttlng frequency, the user may chose a SU|tabIe
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WO 2009/ 080720PCT/ EP2008/ 067947 8 (P01') a
pol ynucl eoti de encoding either a |ight or a heavy
W@ @820 an i nmunogl obul i n nol ecul e or fragnePCBEP2008/067947

t hereof, wherein each expression cassette (P01) and

(PO1') conprises one of saig_polynucleotides. »

Accordi ngly, the expression cassette (P0O1l) can either

conpri se the polynucl eotide for expressing the |ight

chain, or the polynucleotide for expressing the heavy
this parbiailar vektor hacleicracitbgdntiguration altdvescthe dast Aeoenatiomgf high gielding cell
lines. Pref erred embodi ment, the expression cassette (P01)

conpri ses the pol ynucl eoti de encodi ng at | east part of

the |light chain of said inmunogl obulin nolecule or a /
Accordipacto @nal alteragiiventthe hexrsessiom gasseltee PR s dpasn not comprise the
polyn@sesaiaé tencofing ' the quuigpieptides ofl interlegn Ukusptain dexpesssmdi veptart with an

“empty’ ?%JT i cé’sfsegt@ ePBRaY lbrmdn Ho{vevér, @aidW'e@@&hl ERcoding the

ctional fra t thereof. r _

polyp? |ge e&p‘f‘@%ﬁto‘i‘?n & éréc(olr%or?tgp ﬁt??e P es&o& aﬁe c@% by using
- approprigie elpningnmethodstioeexsmple by Hélagye%ﬁ%tm qREYNes in @rdgeto insert the
olyn&kﬁé&ﬁé@n&bdlhg&w golppedtide ofimeressintnthead@rexdsidnheassette (POI). For

this ph %%ésfbnr@ss&&l ) §501) Ay Lofphie £Y. %ﬂﬁmﬁﬂ’e%rﬁmute (MCS)

Wh'chtm SBhis aéeﬁofﬁae'agé‘meé s%?ﬁa*ﬂ? NS SRR 3F¥ gakbibed in detal
belowp é yasgecpt@gt emetyerve@ter Aycleic ac@agan B&r tbeo‘f"OY'ﬁ%d toRugtamers, which
then Inegit tsir Geéific ipatymocigbtideubl mterestetoube . expressed into the expression
casseﬂ | st’éﬁl el A Ferséﬁgﬂeeés%eﬁgcFﬁbl‘}‘gm"apeaf'é@r taRpfsdPad tr\%placement

be I nserte
o AT i itk G ertie e Biged by the
polynugi¢atige gnsedipg itae @olypeptideofsnterass gThes piesedrinegntion also prowdes a
vectoPRiddit) atib @s desetbeerdpoes sionipriging tanrexpidssion casssite (BOI) comprising
the p?l tige eﬂ[‘,&ﬁﬁq‘{he' pﬂ)lﬁﬁ tiGe Bf Fe?éé%”T §%Wodﬁﬁé?ﬁrp@l‘tgﬁs basically

to theaf IPALSY p(%log)yﬁpgaggpgﬁxcgpdttﬁgt i$ 8'6?' > {Oégxgressmn mttoﬁ'}é host cell.

: pol ynucl eoti des/ genes in mamal i an ceIIs For this
A polfiicReE&e 1S pelyimer 85 hodedtiaies dhichsart usahllyylinkednfriohsend Beoxyribose

or r|b9§e0933§rﬂﬁl¥ er” P0& kO tp\S GHE&%Gﬁoess HEcRpride g @%er'éstnctlons and
tran ence. such
also. EOMAaEIES o POYRUTEYEeHs SGMPHT b SRETERI opol"y el iRt modified

nucleotfdeisnt er est usual |y contain transcriptional control
el enents suitable to drive transcription such as e.qg.

Accordlr grthoﬁé SmLRRINKHE &he vedB! NAEO%LATd QRufk gﬂé‘ltr%- expression caésette

SV B LR e, s B, SR g cosot (aAStn

is arrangade i dfve gxpremorpgagﬁsegt(hv@&@ Ag anaiprnatiye aﬁ%,quatwrbﬁfaa circular
vectof atdordihg & ®eredchiraiseof thiepresardtliyvention iscedrdufartveetor nucleic acid for
expreggﬁggf leaSt i ;fbﬁ/tpgpﬂde of thFétsf ﬁ“lrbstlngi;n%hﬁﬁ gLIPRdmpR&AY NI
cap structures suitable for recrU|t|ng i bosones
and stop codons to termninate t he transl ati on process.
(a) ehlepairariecanpeassiontrassritey(RGY) febexriessing  pelypeptide péinterest,
(b) <nlexpicsbibe casgeite(MGen compsising lalmaramblisn gedéotable heokergene;
(c) HCQ,QBrQ 6m%39%ttlép ASRS ébfmdrlgfngr §ShafdhiiBs amplifiable, selectable
traﬁgcr un e control transcription
®®present in appropriate pronoters. The
resultant transcripts of the sel ectable marker genes
wherdifithd &giressior! duspitd NS isCarramiged 13t of thetexprsbioncassette (PO!) and

the &H%@glbﬂr@als dif? W{A@M 98 HIAGENLF dihAb éxg?é lohaéa?ssette (MSM) and
P g&@

ntia ex ,
whersip iR e SSIAN CASGerS @&Dé'@r D &8 P Az inhe same §'to
3’ orignjafioni onal expression unit, capable of properly

driving the expression of an incorporated

pol ynucl eotide is also referred to as an "expression
cassette" herein. Preferably, it conprises a 3' UTR
region. WD 2009/ 080720PCT/ EP2008/ 067947 Accordi ngly,
vector nucleic acids are provided wherein the
expressi on cassettes conprise at | east one pronoter

and/or prormter/enhancer eI ement . AI t hough the
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According to one enbodinent, the intron used in the
expressi on cassettes for expressing the pol ypeptides
w@RoopmsEeEest, is a synthetic intron such as t heCBERR008/067947
the RK intron. The RK intron is a strong synthetic
intron which is preferably_glaced before the ATG
startcodon of the gene of interest. The RK intron
consists of the intron donor splice site of the CW
pronoter and the acceptor splice site of the nouse |gG
The véttavyuaidiaanid\canibeitransfestgdointo thedost ¢gll iEats sitcar form, Supercoiled
vectoribbigalsd Q&Qj\%m ESPREAS e fibar hidfdzuleBivathiietiie Hlutigud Bue to the
H
[

- - 8347 r | . i A
i 35 o OIS Bl e oo vtr
transfealionmfienNMAERAS fhe PUCIREY AP 61atie Trpastectiopy T8 @iaa¢ the point of
linearizatiomdmaybe conteolled f theamesttords lingarized print tatransfect®n. end of
t he open reading frame of the DHFR gene has

ady s _effegts. X i anlanml i.fi catiap
s AR O, B AT 15 55 e
compeisgsr & PEpAsined SeRtigtion; sitey whishnean Be diseddpy Upearizafipn of the vector
nucleit weitk pramad traasfection. diteltigent PldERMgahef gaidt lindanization regfriction site is
" importaA 1bechusBi 84i@ Clas@ictiord &ite Sdetef®fihes MiRIr€bihet Pctor nucleic acid is.

oL P8 i CUF b B ofon et
when e T%’_@EH@ IS E‘F@é@t% e gﬁgﬁmﬁﬁs‘?fﬂﬁc?ﬁmﬂ'ﬁp gell a vector |
nucleic acid is provided, erein the expression ‘

Accor@gyeithé \fé%'vhugélﬂpéé@ ahapNcdnipris@na V\ﬁﬂeéﬁzétﬁ’)n' ABBicEen site for

ey b, O e, SEOAMA PABLGR, (91 o brven v
expregsien GRsselies (MSY!) %W&S%awf%%%?aiﬂd&veg%ﬂw Jestygtion site is
uniqué exndtis @nly archei prieseTdlin ¢hepexmession veserenuaei¢ REN) E.g. a linearization
restrictiBATRIte TaR bedudttakaY i¥ Qbédgnfzel Oyt A RistidiBh leftyrBé® RBvingal 18w cutting

rouug¥ S8 SR80 RS o il 1, 85l O B kgt ticion
site by pletor 1paly Brdwi a8 Withiadhe expreasion cariefts(h(ar dae ¥EeAr gackbone.
This eange.g.avgpemdduraged bygmavigiog @, restetticcsitel fona restidtion enzyme having a
recogﬁf}\b?rsréaiﬁlfiﬁﬁi ¢ Phore IR4 s&ﬁ%\‘é@%‘&ir@ rbé f\‘/\ﬂ*ﬁcﬁﬁfe?ﬁgr(hifé'i'\@eduénces that are
eSSy SR BN OB PR o ve
vector magNpiereiaie ingamerge i SWSH recogaition i Ranigyg Iiiegesation restriction
site. lawpée baid dineaizatiemeestristibr site isrpresent owee thamyonselin the vegtor nucleic
acid $diReh&d !(iﬁclh&inghﬁe PHANSEotfest dHR0RE RO 'HoRfpeptide of interest), or in
case geFeasl?r? ti'oﬁ e&z& Xpﬁxl?%gdhbvﬂﬁp% %QV@FEP'HH%% ih t}ﬁ%\?\%\q&tor nucleic acid
preventing growh ot non-transforned cells. t tth?
sequenorRitsis salaen Withi thes SPeRe of the, Preseny JventigR do #-9- alter/mutate the
restridtioh esitest besidesb¢he rivearizatioh rgstastipns sitey which delldcatads between the
expre@&ibh fctﬁf]s%ttt% (RIet) e S aiBldRr H@tehmtrfaﬁ-%fﬁo@e (M%ri\alfitestriction
. S cLlV Of.: . a certain
sites %fcﬁ% o(?ftaa}é)e(z nggq%‘lréeorttag%ﬁ/%i%h@%ng?%'f) | tryﬁc')?té&esﬁ %’s di e, but
a smal |l nunber of cells usually survive that
In casey tepventhrde uBktFRs dUstandavifXéxpressivnaettor irdensied eigwes ddool for the

expres§iof OF GRUEAHIfRFNt (PR pEptidesY itN§ H0hhtageBu for ravigetd Jinearization

s 16 ol Bod e ABGRER, e b 00n6 153 cunng
frequesicy. ff h@q%ﬁéﬂﬁ%ioy PG FRRPENNBS ingagzafian: ShpuldyPraisrakly pefeut within
the expredsiorpcassaties footiee seledatile mearkerp rooodien vettanbadkbone sequences in
order U8 BHRLid tHRHl theebhBymeSeMtSaMly Side RP! Rofdrine BizaYioR of AWl vector. By

.accordi ngl yv. gen re_.kn e ' . -
provi i 8 g3zl 5 e o5, Eo g PRuRs, Plcofflion Rl fitestrcton
enzymps-havieg ajew £Uting diegipenayETR ¢ier NPLFNISE cheyitapler reglictiony enzyme
for lingarizat@ni fram tthe pemidedTowtione rimoadervtarsegutely avoid restriction within the

“derivative" include DHFR enzynmes having one or nore
am no acid sequence exchanges (e.g. deletions,
substitutions or additions) with respect to the am no
aci d sequence of the respective DHFR enzyne, fusion
proteins conprising a DHFR enzyne or functi onal
fragment thereof and DHFR enzynmes which have been




V. PolyA site of the (MASM expression cassette (->)
V. Pronoter of the (P0O1l) expression cassette (-->) VI.
WO pioposn7ef t he (PO1) expression cassette (--))POI/EP2008/067947
Pol ynucl eoti de encoding a pol ypeptide of interest,.
which is inserted in the (Pgl) expression cassette
(->) VIll. PolyA site of the (P01l) expression cassette
(--->) IX. Pronoter of the (PO1') expression cassette
(->) WD 2009/ 080720PCT/ EP2008/ 067947 - 13 - X. Intron
polyn@fiedtiie émidling eheprpedypeptidec af sipterest( -Hgwexer, as is outlined above,
additiérRd) V&H@ti@ﬁ%&emﬁﬁ‘ 6O FHUMIedBr Apditial BRIt YOS Rbudeaferformed.
I nt erest, Ich 1s inserted in the (PO1l') expression
~cassette (->) XlIl. PolyA site of the (PO1') expr LAN
Placingatheelinearization nesiritiorpsigrbereest the RXPIRASIRN é@éﬁ?@%gﬁgw and the
expreS96% Sadsetts (MASMYI Nés the réfectnibatiinegexpressivnmagsdtten(POI) (and further
expre Sb@fé%&t@ﬁgﬁe&ﬁfesgﬁg Héertxﬂ idEX O iRRPdsP D iCesetit) i flanked 5° by
- - >) "RV e a , -
the e(prgf igRy cas @‘Qg#&lﬁsﬁl&ﬁ %xgg Sg’@?@ec égﬁ@gfﬁsﬁ(@ %5%563 of the
- expression cassette (POI) upon linearization. Thereby, the éxpression assettes (MSM) and
| (MASM) are separated upon linearization of the circular vector nucleic acid. If an expression
cassette (PSM) for a bacterial selection marker is present (see below), the linearization
restriction site is preferably placed between the expression cassettes (PSM) and (MASM).
This has the effect that the bacterial selection marker gene is 3’ and thus “outside” of the
“mammalian” parts of the linearized vector nucleic acid. This arrangement is favorable since
bacterial genes are presumably not advantageous for mammalian expression as bacterial
sequences may lead to increased methylation or other silencing effects in the mammalian
cells. '

Non-limiting examples for mammalian selectable marker genes that can be comprised in the
expression cassette (MSM) include antibiotic resistance genes e.g. conferring resistance to
G418, 'hygromycin (hyg or hph, commercially available from Life Technologies, Inc.
Gaithesboro, Md.); neomycin (neo, commercially available from Life Technologies, Inc.
Gaithesboro, Md.); zeocin (Sh Ble, commercially available from Pharmingen, San Diego
Calif.); puromycin (pac, puromycin-N-acetyl-transferase, available from Clontech, Palo Alto
Calif.), ouabain (oua, available from Pharmingen) and blasticidin (available from Invitrogen).
Respective mammalian selectable marker genes are well known and allow the selection of
mammalian host cells comprising said genes and thus of host celis comprising the vector.
The term “gene” as used herein also refers to a natural or synthetic polynucleotide encoding
a functional variant of the selectable marker providing the intended resistance. Hence, also
truncated or mutated versions of a wild type gene or synthetic polynucleotides are
encompassed as long as they provide the intended resistance. According to a preferred
embodiment, said expression cassette (MSM) comprises a gene encoding an enzymatically
functional neomycin phosphotransferase (1 or Il). This embodiment works well in combination
with the use of a gene encoding an enzymatically functional DHFR as an amplifiable
selectable marker gene. ’

Amplifiable, selectable mammalian marker genes allow selection of vector-containing
mammalian host cells as well as gene amplification. A non-limiting example for an
amplifiable, selectable mammalian marker gene is the dihydrofolate reductase (DHFR) gene.
Other systems currently in use are among others the glutamine synthetase (gs) system
(Bebbington et al., 1992) and the histidinol driven selection system (Hartmann and Mulligan,
1988). These amplifiable markers are also selectable markers and can thus be used to



XVI1. Linearization restriction site if the vector
nucleic acid is circular; (b) a vector nucleic acid as
WG h@esEe0 Seq. I|D No. 1 or Seq. ID No. 16 or aPCT/EP2008/067947

derivative thereof, conprising the sane configuration

respectively arrangenment ofzgenetic elenments. A

preferred enbodi nent of variant (a) in its circular

formis shown in Fig. 1 and correspondi ng Table. 1.

The vector according to the present invention can be
selectdhosei calld that obtainedithey vedier. &R 950 @hiteminecsyntnetase prawde good
result)9BBth EIsES seRBEbrOGSRNY BtEPE irithel dbsdrce o the chpproptiateainbtabolite
(hypo%&‘fﬁe taﬁ‘& tﬁﬂﬂ@lﬁ%g&h &Egt&%wf?ﬁ%ﬂﬁb{ ﬁ\aﬁ%eﬁés%séfgég?tﬁrﬁventmg

usi n urt e restri
arowte 65 DA PTERBrTalG. Wik AEPIBDIS YEPmE S4ED 56 JafHER system.
expregsiun efepreesmbipantmotedT cantacipergiasey hy exposingdhereelisdd cedain agents
promd%@(&éﬁé NEnFifivAhuch We! sitifolates de @S niétissteixbedMIDQY i tase of the -

DHFR ggs\{%rgeqx Mﬁlg ibhi §|?drdfoPPé§o;5jr ﬁw%ﬂpgi 59%2 " Fﬁ’f[&ghm |§"tmeth|on|ne

t
sulphximing SMSK) Bxpos %%}S’O?f@?u &r{ﬁﬁs@% HE? @C%‘B'ﬂyé@ ' 6‘8 to one

embodifnent) seidespression casse@benwlé&d)monmas&m geng amding an enzymatlcally .
functiérMGlutamhif® sPntR& B G Sor eadifeiréiblage reaLitase BHER). (C) an.
expreSS| on cassette (MASM conprising a mammalian

fiable, selectable marker gene; such t hat the ‘
ACCOF@%r‘%é’ﬁ? §mbodisest. 18219 PPI§Ssian ‘qug M) EoMpriRgs a gene encoding
an erzymatciy o‘nnctmaleMmfduﬂ\fBMpsphd&enmmsesamwrsaclasmfesseon cassette
(MASI(/IB\@an'r|§e§ ‘acgér%deﬁ’todfrfgoﬂh tehRyrR4ivaly Sirtfiofa SERidréfola taductase
(DHF% wherein the expression cassettes (MASM, (PO) and o
M- are arranged in the same 5 to 3' orientation.
In case a circular vector nucleic acid is produced,
~ The vetier gmyetomprist atrtedst one eddiismtiexpessian icasdedte (PRY) for expressing

an ad@ﬁlﬁﬁﬁsﬁdlﬁépﬁé’ééﬂr{t&eét'\/@md hadifisiaP egpragdion asitte(PoI) &f located

betweggglg ?Fpé %sggt?e g{a@ ﬁ’? @P&t E%ggééﬁ{eee@%h@n Said expression

cassefin{R@t) is apragd in ps2089) 1955 PHOMRIIERS BEEBEERSIN cassites (PO
and (MSWhe Acewrting tacarer elinbgdiment, litecampriseatthe rpoéymticleotideaendsding the
additistef PollyS&ptia¥ f Resb&tg t he pol ypeptide of interest in

many di fferent manmal i an host cells. The expression

vector of the present invention is usuall |nt rate

Accordingly. Hecvastariusleifoacis Rceardingd sh Presgar laveption; Ghaprtise more

than éree expiressién hassette doi expressingupegpeptides bt inderestc dheeeferadit is also -

possd§é‘¥|f§¥€§\!léiﬁl &pldsdioR Tasseten QQPQJIPQPGW {(ROEFefdl)gor expressing different
polyp%ﬁ@ﬁg of ﬁwgerggébac'r'é ?at%ag%j] P &%dex?)?ésspln'\fégt%r mélgfcadcﬁ L&:%'rdrlng to the

epen ar ac

presel ENVERHADr (THREM expreasian Capsriies 135 flapkey, §p€¥1 o ﬁXB'PBW'P] cassette
(MASYnarelr 81 &l | the aspiréssivine cassette (MSMulHericen thef pedsient invention also
provide8& @é&d‘rﬁidcleﬂf‘ac@%ﬂnﬁﬁélhg’ RN tHERNBHR dxPResidntcagsdtteSeriating e.g.

subur]lﬂg cyfsglﬂwetnﬁe H%gHQrCBtcﬁp ri%l{ Jﬂeﬁp?r&éﬂ§eE&pHeQé’nﬁﬁ“daQ%bt%% encoding

differast SUBINES (P Al S1iReHOSYoEB) &80 oPCqrRY Al b’b§egl enft pxpression
- cassefteasarie placeshadjasent toceanheothert Far enultimericiproteing engoded by at least

two digtinct/ @@nés Qibr Nhstanés - Bhm&Adglobllin GHRY an$PRddly &aikd or functional

fragm%ﬁtslﬁheé ?%ugﬁ ﬂgﬂﬁ@%%wa%agg%&oné’ %]fén? rg{#.%/ Mé%n light and

heaVYrrﬁPﬁé@%)s tlz% Pg! ynmtldes (ggggdln eFH “WE"T gh the,go ypeptide of -
interebtuararissefteddn thdedxpressiei- msettase(PDh)aarwe(tHQJ 9.0A REsReCie embodiment
using C&t! le&sttlol é‘)@ﬁleés" ealsited ‘{’P(bl)bérﬁb FOIt)Sfor %Ele88iBg Cﬁﬂlﬂp‘éptldes of

mtere%h% %R?ﬁ%rl%oa;dg%ﬁr @%%nfogc%gﬁjegﬁng ﬁ\h%g%@l@ouﬁk@n?lglzules such as -

antibqdiggeqft fHactional fragnents theresf- AeRArdRINE 3 YECR 'YHfiRiG Agjd is provided for
exprepsihy pe pmmdesglobulinomeletule edohmprising hin @actCekprassiorDeRsRete (BOI) and
defective CHO cells. Also provided are mammal i an host:
cells, conprising the expression vector according to
the present invention. Also provided is a stable cel
l'ine, conprising an expression vector according to the
present invention or a segnent thereof in the genone.
The segnent shaII conprlse at Ieast the expreSS|on

T T Y oy an "



case DHFR is used as an anplifiable, selectable marker
gene, the transformants can be cultured in a
woewbest’ede or purine-free mediumin the presePCEER008067947

DHFR i nhibitor. In case an inducible pronoter is used

in at | east one expression gassette, a corresponding

i nduction signal should be provided in order to

commence expression of the polypeptide. In order to

make use of the DHFR selection/anplification system
(POV) saipdlyhosieotiiel escoding bither ua tlightedr ianheédwy ghainseficm imimunoglobulin
molecQE'FBrlf%nﬁér&@rtheéaftﬂhé@rﬂé'aawl&thr@ssmf Tadédlte (POI) and (POI’)

comprésﬁ OPSI g%g? ﬁﬁa&ﬁncl |d§s gAccg@%O%J rﬁe gﬁﬂg{sﬂ;r{ c?'tské‘ﬁb (f{%z?can either

ComprHFFbWai’PIYaH‘f'e‘PtW@of%o?’é‘tr@‘EP"P% the,dighbchain. ofnthe Polyncleotide for
expressinyctae heatyi dhain afitye incranndgiotediio seatedute. mul ti step - :
anplification procedures | n DHFR" host cells for

Accorcgpg ggoﬁrma:%e\?%%% 3 ro%'lJ eﬁérgg%ﬁ ac%géél @Oﬁaédﬁ%:?hses the

Second
- polynucigotise eneaging. at ieatinan %ﬁ'@p'és FoAin of 4id imExNeg e%/%l'f‘tm?law'e or a
I functiarah ragmeatt theresf ane this akpresdiony hasselta (POE) cemprisesfa poignugleotide

encod‘ #t08 pat & B afelavy 2REA M isBidt |Hﬁ‘mfriobﬁibuﬁﬁ fdfecaldor a functional .

fragmg 3E%reoél]ltaéﬁnge %ﬁﬁ?@g?S?og ?JSSEN(; Foh%e ﬁq‘@ Chglh%a{d ﬁ’\g expressmn

cassetie @the Heawk ehaid @reyedt tRebeshersficial tf?QﬁW'aaﬁh? EXBIRERIGR rate of the
immursogdbetin saslecubess tAacetding - taynb eenchddiroerdd then exgressiore yestor nucleic

acid |§’Ee Sgled MRX, tﬂ_ahelhé%ﬁﬁl%gilbﬁtcb@éétt@(s) 'dhr&adip E6mpBiER8 N pohucleotide

encod:gwegt %tsftfe?# a°6 {] ﬁaﬁﬂ&%@ ong/l of. %Rg?‘nrﬁ%g uﬁ#ﬁ'ﬁgl&cule The
polynycieotide feomeRissencoding dge é(?%a%%PP”% ef the, 'mn@,*moew@ fgiecules can
then BéSDsamel 6ithe ebérfcusitihtdr intoethe )gxpession rcassettesrby using appropriate
cIonlng% Qfeg|e§9n bRieF REob5iR 1 Yind| @Yﬁ@&él&{‘ve&&Ver al different

ypepti des of Interest may be expressed/ produced.

The term pol ypeptide refers to a nol ecul e conprisin

The eppregsien cassees presertiinthel quaeéamdgétphéficown%tog‘rgﬁtpﬁf@ tinvention
are ddxigrédssuch Budt tipspallodetheiaxptessien pbd thepiepdrpdrsedopolymigieotides/genes

in mAn?rﬂgluh célT!sCl righ ﬂﬁé Fii'u?do%bnﬁne( Bxesdich icagsdiies eudubfy é_b@npnse the

e
nocosgh RS soMERBRE 535 5 o, e oA gominatn
sequea]§@i8V¢h§G®P0bf|Po%ltet ivity, including e.g. bioactive
pol ypepti des such as enzymatic proteins or peptides

Vecto(seu&d R @xSn%%Stﬁf dﬁlyﬁéﬁﬁﬁ%s cﬁhﬁfé?&%@h@ﬁ@@)contﬁﬁ €Rh&driptional control
a

, elemesng ef&@% t%[)d&io?er Ingc?r aPE BQ rtggﬁ (PO%XI IS, %ﬁﬁ%ﬁcers polyadenylation
signalgy @raCHetlorseat@wmréprw%ttOé‘u ?ﬁ%"%? ap elsments SAtression cassette.

For ppopeypexpressis, of dre naolypeptidds, cduitalsle unmslajneel contohtdiements are
preferfaﬁﬁﬁﬁélﬁded’ A HN &S LB dsi K. 5Santrarthed aiioritcleadiighe 5 cap

srctgeciate' f et ling Rikotel 313 408 crkel i, s, yanstin
procegytlamaﬁ@glar ,thﬂ]pﬁtygp@gqﬂdier{sgrvmgqa?)g}eﬁ e g}ﬁrlfeg&ﬁngg as well as
the palynuzieiotie eycddiraptiedotypeptideaci intetest came becbrfansﬁwed under the control

of tra Wﬂﬁ&gb@mén@ r‘é@é‘nthﬁ BbropR¥itel FrofbRAs. TR desQidrR ran8éripts of the
selec?@:ﬁ@grg g%& g%’\ mag?éﬁ?;t N t%r?%ﬁq p@é’ggpfn{gf‘g g{b%%r fué\ctlonal translation

.

men
elemerr\tSagmsrﬁ@c"mteawbaﬁamlqidwl%eﬂrar.or%n ﬁgprsﬁs'%&set t@osiaﬁ?ménd proper
translagard sefdinationai Al fohctionabrixptessipn wmief eapabley ofit properiyt -driving the

exprelQQn BfLA %c%Fdo?laﬁed %I ﬁb‘clé&ﬂd@‘?@%fso?gfehrjgg F@ﬁlsa %ﬁcgkﬁrﬁfﬂgcgh cassette”
herein. #@egﬁrﬁ% ﬂé’opqé’ﬁ)f'(%sha geuﬁﬁée%\??'?l bodygsuch asya FgE

fragnment, a F(ab)2 fragment, nultibodies conprising

mul ti pl e bi ndi ng domai ns such as di abodi es, triabodies
or tetrabodies, single domain antibodies or

affibodi es. An anti body variant is a derivative of an
anti body or antibody fragnent having the sane binding

function but e.g. an altered am no acid sequence. Said
ant i body and/or WO 2009/ 080720PCT/ EP2008/ 067947 - 16

- antibody fragnment may conprise a nurine |ight chain,



- 17 - size exclusion), electrophoretic procedures

(e.qg., preparative isoelectric focusing), differential
wa0asd7eay (e.g. amoni um sul fate preci pitatiPCH/EP2008/067947

extraction. According to one enbodi ment which is in

particul ar advant ageous fOr_’gt_he producti on of

phar maceuti cal proteins/peptides, the host cell is

cultured in suspension under serumfree conditions.

The obt ai ned pol ypepti de can afterwards be purified,
Accorglingly, bacterumicieié agds be moligabwhed the expression caseetteelcbmprise at
least gét Sﬁ?%l}' %Hnﬁt e ?t:%%’/gf?'t?éon‘%gr e%oml ﬁ?}.éﬂ?{o@@ﬁ'tﬁe BBy $184 boundaries

.d. . | “

betwes b g g Sk i G el LS 85 BRI Gty reer
to a sitepirctheguisteics aciimalesule taowhich aaRNARSlyMasase andipisgny associated
factors lmvdst &t att Weiclh elaygeiptionl &sintiatede Epharscees] potentiate promoter activity,
temp(kgﬁlgtd QU ad Qﬁﬂl‘aﬁwqﬂ NGEEmbierd BR frardRkiptiPaliPbEREI QR wide range

I Cpes nr%li}’ N al féo %srgi” %qﬁ ﬁoh tBﬁptohgtﬁﬁtivel and
of celhiypes- TEaMRIETS A BF GRS 'BAVAERRYE J086,0f ‘fyo the y
thosepthag care teguiatad oK inductignt A desapressiane Proeetess used for high-level
prod 86 bf PRttihdlindabmimaliaheeits shasid se stiog amd peetferably active in a wide

rangé’ 8* Xagg‘p!eg 6f(§.p%ﬁﬁirt %bél?é'lﬁﬁe"!ntdhq@anﬂ%ﬂde v 8lLdtion BEthe recombinant
e

bk T8 o Shegt it TR Pl 03U oo

|
a CMWi grombterhanEF4 alpha droraetet e REY piompier.ca BRQART p@matefg @ murine
rosa 2® pPoniiéter, &r fEEF e ploatbtarediid 20 B-actie prunestenStrony ennstitutive promoters
whicH drie &gﬁé&gwﬁ if prfan&' BRR/pkg FEiMR A QR Wt liiREd Y& fHeQdenovirus major

nucl el ac'_lé‘I acc)g 8| ng to Fig. 1.in qrder t,0
ate RiERIRS R WAECTSPURINNIES G ieglat, Sarl PRmalFr. e, SV40 and Rous
Sarcdmaaiué prametar, ranstt the gnurine 3iphesphpalycerigtehkingsel presnater and EF1a.
GoodS Iééﬂﬂs lafe Bligvedl withdh@ expissiah eettoe of¢inepresent invention when the

i t hr eic acid
promtef ARALP B S Sl dp i frdr N S b e ot bl ¢ 1.

If not otherwi se defined, the white arrows ,
Accorging teconsr émbodiment the expsessianorassette(@hien sxrreseing thenpalypeptide(s)
of intbRe8t BbrpikRes) Hewaree peoracteeandzer énttanoer thbe tem expresdian cassettes
for e@{@g@sgg{hééé\@ﬁp&?ﬂ@ﬁb}%%}% %}]?ér?gréerépﬁﬁéé ﬂﬁeffé&f that more transcript

. . \ ' eqke
o i S EV S e  BRBARE i b BB B KPh&rageos
that ther paduction ofetherenolypepiide REintejestewhigh i pacrelesy issdqngjpant over the
prod@chies ebft ehe( dBMctiom dndrdSMsindeh ¢hes timdiyieuhl acellowapduity for producing
heterg[opggée x:ﬂ;téiﬁssl I8¢ LakthifedTBAE @ho @8 NRus P ﬁ&:%e@etostfﬁétrbolygeeptide of
0

. etic elenents are arranged in the sane 5
interesti ent ati on (indicated by the direction of the arrow).

The vector nucleic acids pBW47, pBW54 and pBW6O,
Accovding to eriecemibsdimehedhe exgrasdidrecasdettes (PQIEboav(P@Y)e(if present) which

is/ard rﬁ?&?ﬂbﬁfbtéie‘!(ﬁ{&(s)i Qﬁlﬁé E)Ulg%ipgiidg-@lmtﬁ%e%t gorg%r"(i:s%p% TN Bg@ﬁ&er/enhancen
R e S
(MASM), mhigh arefenablp egerges the BHER=and the NepmivEin dnarker genes, comprise a
SV4d fidote eSS $a® propaseartenhandeti Tigy @Mvepromptdr liekndwrt t be one of the
strong[-:gtow}o t %93%%8 J@QPH&QB%OQ%Q@J&MW Jéhds td ta 'ivéry good "

. Q. a
express%n rate. ltis Qén%ﬁﬁétrgJ oegri]veasqgr(ﬁ{iéan%y more transcript than the SV40 promoter.

Furthermore, the expression cassettes may comprise an appropriate transcription
termination site. This, as continued transcription from an upstream promoter through a
second transcription unit may inhibit the function of the downstream promoter, a
phenomenon known as promoter occlusion or transcriptional interference. This event has
been described in both prokaryotes and eukaryotes. The proper placement of transcriptional



Intron of the (PO1l) expression cassette (di agrammed by
the striped box). It is e.g. a RK-intron, as descri bed
W@bw9e80730 Pol ynucl eoti de encodi ng a pol ypept i deCDEP2008/067947

interest, which is inserted in the (P0l) expression

cassette (diagramed by theqdplack arrow). According to

t he shown enbodinent, it is the |light chain of a

nonocl onal anti body (mAB-LC). 4 Pol yA site of the

(P0O1) expression cassette (diagranmed by the checkered
terminadioh . signals sbetwgen atv®vA@nBoipfion sunits. can Pprenente pragfioteh eocclusion.
Transchton) teRXPBRSS bitS SRSWEI Eiftarbélb@bidasRE thelVinddrgoratiort B expression

vecto%; I{a[%\’@eep ﬁéiwﬁ t&hébe rﬁulﬁ%@ b%hgﬁ@%l %ﬁé?g %ﬁ BHE ex %Q&F on

expression casse ranmme
striped box). It is e.g. a RKintron, as descrlbed
Most eblcargatichascent mRNAs possess a poly A tail at their 3’ end which is added during a

compi! ME@OIHaﬂeﬁW@éB ndedvageli bf Qﬁé" hapeplahsept and a coupled
polyahgﬁsygt%fﬁt ’r%\% 8.1.“ STH nj)%B;Aeqﬁfl '&‘8@ c&z )f%r Gr"ﬁﬁlgﬂn sta}blllty and
"a"Sfﬁf?@"%o'vlﬁ"%g%h%Fﬂss'Oﬂt ca5§e¥9§e hdb, yeERhidsceing (0 the present
I inventiom astiadin alomprnisé logblyadenyi@idiGite. Ther gra ssiveral efficteht ponA signals -
that ddR08e usBK R AfehhRBlidhaegitedsior( o RErs 2REiINBYthbse denved from bovine

gromﬁm%?rlﬁgﬁee &@&?t ou J w g%bﬁ\ e §V£‘& ea@) %%Dfls%h%tg:n |t and tae Herpes

sumpl@y Virdge: tm@@ealppm gene. ﬁgv%évseljoggggmwetlc polyadenylatlon sites are
knowpr(seene @r trenp@inar expréssamesatorcafProgega avhidmisedasead on Levitt el al,
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plasmld pSglz DHFR as described in Subramani et al, 1981, Mol.Cell. Biol. 854-864), a
synthetic polyA site (see e.g. the pCl-neo expression vector of Promega which is based on
Levitt el al, 1989, Genes Dev. 3, (7): 1019-1025) and a bgh polyA site (bovine growth

hormone).

The expression cassettes may comprise an enhancer (see above) and/or an intron.
According to one embodiment, the expression cassette(s) for expressing the polypeptide of
interest comprise an intron. Most genes from higher eukaryotes contain introns which are
removed during RNA processing. It is found, that genomic constructs are expressed more
efficiently in transgenic systems than identical constructs lacking introns. - Usually, introns are
placed at the 5’ end of the open reading frame. Accordingly, an intron may be comprised in
the expression cassette(s) for expressing the polypeptide(s) of interest in order to increase
the expression rate. Said intron may be located between the promoter and or
promoter/enhancer element(s) and the 5’ end of the open reading frame of the polypeptide
to be expressed. Hence, a vector nucleic acid is provided, wherein at least the expression
cassette (POI) comprises an intron which is arranged between the promoter and the start
codon of the polynucleotide for expressing the polypeptide of interest. Several suitable
introns are known in the state of the art that can be used in conjunctlon with the present
invention.

According to one embodiment, the intron used in the expression cassettes for expressing the
polypeptides of interest, is a synthetic intron such as the SIS or the RK intron. The RK intron
is a strong synthetic intron which is preferably placed before the ATG startcodon of the gene
of interest. The RK intron consists of the intron donor splice site of the CMV promoter and
the acceptor splice site of the mouse IgG Heavy chain variable region (see e.g. Eaton et al.,
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The DHER g8ag work3 &a miarkeX s 4 gered amplificatiar gene. Setaction may occur by
cultudi P I Hefis tiRefHROhb&HRe D6F W hppropriate metabolites (hypoxanthine *and
thymidine) thereby preventing growth of non-transformed cells. With the DHFR system,
expression of the polypeptides of interest can be increased by exposing the cells to

antifolates such as for example methotrexate (MTX), a drug that blocks the activity of DHFR.

After a certain time of exposure to MTX the majority of cells die, but a small number of cells
usually survive that overproduce’ DHFR. Upon MTX treatment, ramped upwards in
concentration, the surviving cells may frequently contain up to several hundred to a few:
thousand copies of the integrated vector embedded in chromosomes that are frequently
elongated. Most respectively amplified cells produce more recombinant protein than the
unamplified cells. - '

Several suitable DHFR enzymes and accordingly genes are known in the prior art that can
be used in conjunction with the present invention. The DHFR may be a wildtype DHFR or a
functional variant or derivative thereof. The term a “variant” or “derivative” include DHFR
enzymes having one or more amino acid sequence exchanges (e.g. deletions, substitutions
or additions) with respect to the amino acid sequence of the respective DHFR enzyme, -
fusion proteins comprising a DHFR enzyme or functional fragment thereof and DHFR
enzymes which have been modified to provide an additional structure and/or function, as well
as functional fragments of the foregoing, which still have at least one function of a DHFR
enzyme. The DHFR gene is preferably selected from the group consisting of wildtype DHFR,
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pBWL59 11122bp CWpronf enh -4 CWpronf enh -4
CWpr om enh, conprising a Spel (153) restriction site
WO 20000%5e@NT enh -4 RK-intron -> RK-intron -> RKET/RP20081067947
-* RK-intron -> mAB - LC -> mAB - LC -4 nmAB-LC ->
MAB-LC -4 MCS'1 MCS MCS MCS, gv4Qpol yA -,

The vector according to the present invention can be used for expressing the polypeptide of
interest in many different mammalian host cells. The expression.vector of the present
invention is usually integrated into and maintained in the genome. There are two main
formats of host cells, cultures of adherent cells and suspension cultures. Suspension
cultures are preferred. Most established cell lines maintain their anchorage-dependent
character unless special efforts are undertaken to adapt them to the suspension growth.
Commercially available media formulations facilitate the transition. Basically any mammalian
host cells can be used in conjunction with the present invention as long as they allow the

| expression of a polypeptide. Suitable mammalian host cells for the purposes of the present
invention include but are not limited to cells derived from mice (e.g. COP, L, C127, Sp2/0,
NS-0, NS-1, At20 or NIH3T3), rats (PC12, PC12h, GH3, MtT), hamsters (e.g. BHK, CHO
and DHFR gene defective CHO), monkeys (e.g. COS1, COS3, COS7, CV1 and Vero) and
humans (e.g. Hela, HEK-293, retina-derived PER-C6, cells derived from diploid fibroblasts,
myeloma cells and HepG2). Preferably, the host cell is a CHO cell. The vector construction
according to the present .invention is particularly suitable for producing polypeptides in rodent
cells such as CHO and DHFR gene defective CHO cells.

Also provided are mammalian-host cells, comprising the expression vector according to the

present invention. Also provided is a stable cell line, comprising an expressibn vector

according to the present invention or a segment thereof in the genome. The segment shall

comprise at least the expression cassettes decisive for the present invention. As the vector

and its characteristics as well as suitable host cells are described in detail above, we refer to -
the above disclosure. Accordingly, also a method for producing a host cell as described

above is provided, wherein the host cell is transfected with the vector nucleic acid according

to at least one of the claims 1 to 16.

There are several appropriate methods known in the prior art for introducing an expression
vector into a mammalian host cell. Respective methods include but are not limited to calcium
phosphate transfection, electroporation, lipofection, biolistic- and polymer-mediated genes -
transfer. Suitable host cells are described above. - : :

After introduction of the expression vector nucleic acid into the host cell(s), the obtained
transformants are cultured under selective conditions suitable for assaying the expression of
the mammalian selectable marker gene enclosed in the expression cassette (MSM). This
means, that for example when the mammalian selectable marker gene is an antibiotic
resistance gene, transformants are cultured in a medium containing the corresponding
antibiotic active in mammalian cells and the transformants which are viable under such
conditions are selected, thus enabling the obtainment of transformants which express the
marker gene and thus incorporated the vector. Additionally, a second selection step may be
performed by culturing the transformants in a selection medium adapted for selecting the
amplifiable, selectable marker gene comprised in the expression cassette (MASM). E.g. in



SV4AOpol yA -4 SVAQpol yA -> SVAQpol yA -4 Drain

restriction site (2365) CW pronf enhan -4 CW
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case DHFR is used as an amplifiable, selectable marker gene, the transformants can be
cultured in a nucleotide or purine-free medium in the presence of a DHFR inhibitor.

In case an inducible promoter is used in at least one expression cassette, a corresponding
induction signal should be provided in order to commence expression of the polypeptide.

In order to make use of the DHFR selection/amplification system, said host cells may be
cultured in the presence of a DHFR inhibitor. Suitable DHFR inhibitors are antifolates such
as e.g. MTX. The concentration of antifolate/MTX used depends on the host cell and the
DHFR variant incorporated in the vector. The concentration range can be chosen for .
muitistep amplification procedures in DHFR™ host cells for example at values around 5nM -
20nM ranging to values of 500nM to 1000nM or even higher for secondary or further
amplification steps. For DHFR" cells starting concentrations are usally higher in the range of
100nM to 750nM, preferably 500nM in the first steps and 500nM to 1000nM and above for
further amplification steps. Suitable DHFR variants are described above. |

In order to make use of the GS selection/amplification system said host cells may be
cultured in the presence of e.g. MSX. The concentration of MSX used depends on the host
cell. The concentration range can be chosen between from about 15 to 150 uM, 20 to 100
MM and 25 to 50 uM. These ranges are particularly suitable for NSO and CHO cells.

With the expression vector according to the present invention, several different polypeptides
of interest may be expressed/produced. The term polypeptide refers to a molecule
comprising a polymer of amino acids linked together by a peptide bond(s). Polypeptides
include polypeptides of any length, including proteins (e.g. having more than 50 amino acids)
and peptides (e.g. 2 ~ 49 amino acids). Polypeptides include proteins and/or peptides of any
activity or bioactivity, including e.g. bioactive polypeptides such as enzymatic proteins or
peptides (e.g. proteases, kinases, phosphatases)', receptor proteins or peptides, transporter
proteins or peptides, bactericidal and/or endotoxin-binding proteins, structural proteins or
peptides, immune polypeptides, toxins, antibiotics, hormones, growth factors, vaccines or the
like. Said polypeptide may be selected from the group consisting of peptide hormones,
interleukins, tissue plasminogen activators, - cytokines, immunoglobulins, in particular
. antibodies or antibody fragments or variants thereof. Said immunoglobulin can be of any
isotype. Very often IgG (e.g. IgG1) molecules are produced/needed as therapeutic proteins.
An antibody fragment is any fragment of an antibody comprising at least 20 amino acids
from said whole antibody, preferably at least 100 amino acids, which at least still has an
antigen binding capacity. The antibody fragment may comprise the binding region of the
antibody such as a Fab fragment, a F(ab)2 fragment, multibodies comprising multiple
binding domains such as diabodies, triabodies or tetrabodies, single domain antibodies or
affibodies. An antibody variant is a derivative of an antibody or antibody fragvment having the
same binding function but e.g. an altered amino acid sequence. Said antibody and/or
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antibody fragment may comprise a murine light chain, human light chain, humanized light
chain, human heavy chain and/or murine heavy chain as well as active fragments or
derivatives thereof. Hence, it can be e.g. murine, humane, chimeric or humanized.

The present invention also provides methods of producing a polypeptide of interest, said
method comprising culturing at least one host cell comprising a vector nucleic acid according
to the present invention in a cell culture medium under conditions allowing the expression of
said polypeptide of interest. ‘ -

In a next step, said polypeptide can be isolated/harvested from the cell culture. The
expressed polypeptide of interest may be obtained by disrupting the host cells. The
polypeptides may also be expressed, e.g. secreted into the culture medium and can be
obtained therefrom. Also combinations of the respective methods are possible. Thereby,
products, in particular polypeptides can be produced and obtained/isolated efficiently with
high yield. The obtained polypeptide may also be subject to further processing steps such as
e.g. purification and/or modification steps in order to produce the product of interest in the
desired quality. - -

According to one alternative, said polypeptide of interest is secreted into the cell culture
medium and subsequently isolated from the cell culture medium. The polypeptide is
preferably an immunoglobulin molecule such as an antibody or a functional fragment thereof.
In order to promote secretion of the polypeptide of interest a leader sequence can be used.
Preferably, the leader sequence of an immunoglobulin molecule is used.

The expression vector according to the present invention as well as suitable host cells and
polypeptides of interest are described in detail above; we refer to the above disclosure.

The method for producing the polypeptide of interest may comprise at least one of the -

following steps:

- isolating the polypeptide of interest from said cell culture medium and/or from said
host cell; and/or
- processing the isolated polypeptide of interest.

The polypeptide of interest produced in accordance with the invention may be recovered,
further purified, isolated and/or modified by methods known in the art. For example, the
product may be recovered from the nutrient medium by conventional procedures including,
but not limited to, centrifugation, filtration, ultra-filtration, extraction or precipitation.
Purification may be performed by a variety of procedures known in the art including, but not
limited to, chromatography (e.g. ion exchange, affinity, hydrophobic, chromatofocusing, and
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size exclusion), electrophoretic procedures (e.g., preparative isoelectric focusing), differential
solubility (e.g. ammonium sulfate precipitation) or extraction.

According to one embodiment which is in particular advantageous for the production of
pharmaceutical proteins/peptides, the host cell is cultured in suspension under serum-free
conditions. The obtained polypeptide can afterwards be purified, e.g. by purifying the
polypeptide present in the cell culture supernatant by using chromatographic methods (e.g.
affinity purification). - : '

Polypeptides produced according to the method of the present invention depict good stability.
properties. The results also show that the polypeptides are expressed in a functional form
and hence in the right conformation. Accordingly, the invention also provides polypeptides
obtained by the production method according to the present invention using the expression
vector described in detail above. As is outlined above, polypeptides are obtained with a good
yield. The polypeptide is preferably an immunoglobulin molecule such as an antibody or a
functional fragment thereof. ’

Fig. 1 shows a circular vector nucleic acid according to a preferred embodiment of the
present invention.

Fig. 2 shows the linearized version of the vector nucleic acid according to Fig. 1 in order to
demonstrate the influence of the position of the linearization restriction site.

The numbers 1 to 17 shown in Figs. 1 and 2 indicate the genetic elements/characteristics of
the vector nucleic acid and are described in detail in the subsequent table 1. If not otherwise
defined, the white arrows characterize promoters or promoter/enhancer elements; the
stripped boxes characterize intron elements, the black arrows symbolize the polynucleotides
for expressing the polypeptide of interest; the checkered boxes characterize the polyA site;
the checkered arrows the mammalian marker genes of the expression cassette (MSM) and
(MASM); the striped arrow the prokaryotic selectable marker gene. As can be seen, all
genetic elements are arranged in the same 5' to 3’ orientation (indicated by the direction of
the arrow). The vector nucleic acids pBW147, pBW154 and pBW160, which are described in
further detail below, are respectively constructed. '

Table 1 — orientation and arrangement of the genetic elements according to a vector
nucleic acid as shown in Fig. 1 and 2

Numbering | Genetic element
in -Fig. 1
and 2

1 Promoter of the (POI) expression cassette (diag’rammed by the white arrow).




Amp --* Anp carrying Scal (9031) --4 Bglll restriction
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CWprom enh intron DHFR, reverse orientation 4--

SVAQprom reverse orientat] L 4-

It is e.g. a CMV promoter/enhancer.

Intron of the (POI) expression cassette (diagrammed by the striped box). Itis |’
e.g. a RK-intron, as described above.

Polynucleotide encoding a polypeptide of interest, which is inserted in the
(POI) expression cassette (diagrammed by the black arrow). According to the
shown embodiment, it is the light chain of a monoclonal antibody (mAB-LC).

PolyA site of the (POI) expression cassette (diagrammed by the checkered
box). It is e.g. a SV40 PolyA site.

Promoter of the (POl’) expression cassette (dlagrammed by the wh|te arrow).
It is e.g. a CMV promoter/enhancer.

Intron of the (POI’) expression cassette (diagrammed by the striped box) Itis
e.g. a RK-intron, as described above.

‘Polynucleotide encoding an additional polypeptide of mterest which is

inserted in the (POI') expression cassette (dlagrammed by the black arrow).
According to the shown embodiment, it is the heavy chain of a monocional
antibody (mAB-HC).

PolyA site of the (POI') expression cassette (diagrammed by the checkered
box). Itis e.g. a SV40 PolyA site.

Promoter of the (MSM) expression cassette (diagrammed by the white arrow).
itis e.g. a SV40 promoter/enhancer.

10

Gene encoding the mammalian selectable marker of the (MSM) expression
cassette (diagrammed by the checkered arrow). It is e.g. the neo gene.

11

PolyA site of the (MSM) expression cassette (diagrammed by the bar). It is
e.g. a synthetic PolyA site as described above.

12

PSM expression cassette (diagrammed by the striped' arrow). It can e.g.
comprise a prokaryotic selectable marker gene providing a resistance against
ampicillin.

13

Linearization restriction site (dlagrammed by the bar). Sald site is preferably a
unique re_stnctnon site.

14

Promoter of the (MASM) expression cassette (diagrammed by the white »
arrow). It is e.g. a SV40 promoter.

15

Gene encoding the mammalian amplifiable selectable marker of the (MASM)
expression cassette (diagrammed by the checkered arrow). It is e.g. the
DHFR gene.

16

Intron in the (MASM) expression cassette (diagrammed by the bar). This
intron is optionally present.

17

PolyA site of the (MASM) expression cassette (diagrammed by the checkered
box). It is e.g. a SV40 PolyA site.
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- 24 - Table 3- order of the genetic elenents in the
WexppesEeon vectors pBW47 11053bp pBWL54 1110BEGEEP2008/067947

pBWL60 11122bp CWpronm enh, conprising a Spel

restriction site (153) --+ {gWpronienh --+ CWproni enh

--4 RK-intron -4 RK-intron -4

Subsequently, suitable examples for the described vector elements are.given, which are,
however, non-limiting. - .

As mammalian amplifiable selectable marker the use of DHFR is preferred. A suitable
example of a wildtype mouse DHFR polynucleotide is provided with Seq. ID No. 5 which is
preferably used in conjunction with the DHFR ~ host cells. A suitable mutant form of DHFR is
provided with Seq. ID No. 6. A respective mutant form is preferably used together with the
DHFR+ cells. Seq. ID No. 12 shows a mutant DHFR-including an intron suitable for further
increasing the selection pressure (see above). Also functional variants or fragments of the
foregoing can be used. '

As mammalian selectable marker gene the use of neo is preferred. A suitable sequence is
provided with Seq. ID No. 7. Also functional variants or fragments thereof can be used.

As a promoter sequence for driving the ex_pression of the polypeptide of interest the use of a
CMV promoter is preferred. A suitable sequence is provided with Seq. ID No. 8. Also
. functional variants or fragments thereof can be used.

As a promoter sequence for driving the expression of the selectable marker genes MSM and
MASM the use of SV40 promoter is preferred. A suitable sequence is provided with Seq. ID
No. 9. Also functional variants or fragments thereof can be used.

As a polyadenylation sequence for the polypeptides of interest and/or the MASM a SV40

poly A site can be used. A suitable sequence is shown as Seq. ID No. 10. Also functional
variants or fragments thereof or a reversed orientation (late or early SV40 poly A site) can be '
used. :

As intron sequence for the expression cassette (POI) encoding the polypeptide of interest an
Rk intron may be used. A suitable sequence is provided with Seq. ID No. 11. Also functional
variants or fragments thereof can be used.

As synthetic polyadenylation site which can be used e.g. in conjunction with the mammalian
. selectable marker (MSM) is shown as Seq. ID No. 13. Also functional variants or fragments -
thereof can be used.

A suitable bacterial selectable marker (PSM) is e.g. the beta-lactamase gene which provides
ampicillin resistance. A suitable sequence is provided with Seq. ID No. 14. Also functional
variants or fragments thereof can be used.

Furthermore, the vector nucleic acid may comprise at least one multiple cldning site (MCS)
for inserting e.g. a polynucleotide encoding a polypeptide of interest. MCS can be provided



RK-intron - mAB-LC .- mAB-LC -> mAB-LC, -> SVA(pol yA --
SV4Qpol yA -> SV4Qpol yA -* CW prom enhan conprising a
wWEp@b/osEedri ction site (2519) -> CW pronl enhaPCFEPIONR/067947

prom enhan --- RK-intron -4 RK-intron -> RK-intron. --
MAB- HC -4 mAB-HC - - mAB-HCzok SV4AQpol yA --- SV4Qpol yA
-> SV4Qpol yA - -

3’ and 5’ of the polynucleotide encoding the polypeptide of interest. Suitable MCS sites are
provided as Seq. ID No. 4 (preferably located at the 5’ site/region) and Seq. ID No. 15
(preferably located at the 3’ site/region). These MCS sites can be used e.g. in order to
introduce the polynucleotide encoding the polypeptide of interest.

Particularly preferred vector nucleic acids are shown as Seq. ID No. 1 (comprising the
wildtype DHFR gene, said vector is particularly useful for the DHFR- system) and Seq. ID -
No. 16 (comprising a mutated DHFR gene said vector is- partlcularly useful for the DHFR +
| system).

All references cited herein are incorporated by reference and thus form part of the present
disclosure. :

EXAMPLES

The present invention is now described by means of non-limiting examples, which however,
constitute preferred embodiments of the present invention.

I. Cell culture methods and transfection
Subsequently, appropriate methods for transfecting and culturing the host cells according to
the present invention for expressing a polypeptide of interest are described by means of

examples.

Example 1: Cell culturing

CHO cells are cultivated in a suitable CHO medium such as e.g. ExCell81 1}34 (obtained from
SAFC Biosciences). Cells are passaged 2-3 times per week into fresh media and are
maintained in logarithmic growth phase throughout the study.

Example 2: Transfection strategy

For transfection, parental CHO cells in exponential growth phase with a viability over 90 %
are used. Transfections'by lipofection are done using the DMRIE-C reactant according to the
instructions of the manufacturer (Invitrogen). The cell amount is adjusted to 1x10° cells in-
OptiMEM | medium (Invitrogen). For lipofection, 2 pg or 4 ug of the expression vector and 4
pl of the DMRIE-C reagent are mixed together for 28 min at room temperature and added to
the cells for 4 h at 37°C. Cells are then diluted to 2x10° cells/ml culture medium and
incubated for 2 days at 37°C and 5§ % CO2.
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site (9288) Swal restriction site (9243) Swal
restriction site (9256) SV44rom enhan .-- SV40 prom
-* SV40 prom --4 DHFR* . - :

Example 3: Neomycin selection and gene amplification -

The neomycin> selection marker located on the expression vector nucleic acid allows
selection for G418 resistance. For selection of transfectants, cells are cultivated in the
presence of 0.8 mg/ml G418 (Invitrogen) for approximately two weeks. Two weeks after
transfection and G418 selection, pool populations consisting predominantly of G418
resistant cells emerge. Cells are then cultivated in the absence of nucleotides for about two
weeks. Gene amplification is then initiated by the addition of 20nM MTX to the culture
medium. After three weeks of cultivation, an amplified heterogeneous cell pool is generated.
The DHFR (dihydrofolate reductase) selection/amplification marker allows amplification of
the DHFR gene as well as of the transgene by adding the folic acid analogue methotrexate
(MTX) to the culture media, resulting in increased titers for transfection pools. After crisis
recdvery, pools then undergo a second and a third amplification step using higher MTX
concentration each for approximately two weeks (100nM and 500nM MTX). At each step
cells are frozen after pool recovery.

- Example 4: Establishment of clonal cell lines

To obtain a clonal cell line (i.e., a cell line derived from a single cell), the pool of stably
transfected cells can be diluted and seeded out in 96 well platés with a cell density of 0.3 -
0.5 cells per well (limited dilution). Cells forming a distinct colony are scaled up using
standard procedures. Eventually, individual clones are evaluated for recombinant
polypeptide expression, with the highest producers being retained after cultivation and
analysis. From these candidates, the cell line with appropriate growth and productivity
characteristics is chosen for production of the recombinant protein. The productivity can
usually be further improved by establishing/adapting the culturing conditions i.e. by adding
additives such as peptones.

Il. Vector constructions

Several vector assemblies according to the teachings of the present invention are feasible.
As the individual elements of the vector are khown in the prior art, suitable vectors can be
assembled e.g. by sequencing or amplification and appropriate cloning of the basic genetic
elements and expression cassettes in the desired orientation. Respective cloning methods
are state of the art and also the sequence of the genetic elements described above are
described in the prior art. Subsequently, the generation of several vector constructs are
described by way of example. However, it is understood by those of skill in the art that
several other embodiments and ways to obtain respective vectors are suitable and readily
available. '
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mAB-HC = monoclonal antibody heavy chain

mAB-LC = monoclonal antibody light chain ,
intron = see Grillari et al, 2001, 3. Biotechnol. 87, 59-65
prom/enh = promoter/enhancer

Example 5: Constfuction of expression vector pBW147

In this setup the tandem configuration of mAB genes and the DHFR* (mutant variant having
a lower sensitivity to MTX than the wild type DHFR) combined with the bgh pA-site, is tested.
~ The DHFR* cassette is placed 5’ before the expression cassette (POI), comprising the mAB-
LC, so that all open reading frames are placed in one reading ‘direction. The assembly of
pBW147 is shown in table 3. '

pBW147 can be constructed from pBW133 (please also refer to table 2). The construction of
pBW147 is described herein.

Construction of pBW133 _
The vector constructions described below are based on the commercially available pCl-neo
expression vector (Promega Coope’ration, USA). The complete DNA sequénce is publicly
available (GenBank/EMBL Accession number; U47120). A new multiple cloning site is
introduced in pClneo.

The two strands of the multiple cloning site are synthesized de novo. pClneo is cut with Nhel
and Xmal. The old MCS is removed by gel electrophoresis. The new muitiple cloning site is
synthesized in the way that the terminal 4 nucleotides of the 5’ end of the antisense strand
and the 3’ terminal end of upper DNA strand are not synthesized. After annealing of both
strands compatible ends for Nhel and Xmal are created.

The sequence of the new multiple cloning site is as follows (see Seq. ID No. 2):
ApalSgrAl -
Agel  Pmel EcoRV PshAl
Eco01091 BstEll Pmil  BspEl Ascl

The resulting plasmid of the ligation of pClneo with the new MCS is deemed pCl-neo-2 for
description purposes. pCl-neo-2 is further modified by introducing the pRK intron from pRKS5
(BD PharMingen). Therefore, pCl-neo-2 is digested with Apal. Blunt ends are created by T4
polymerase treatment. Then the plasmid is digested with Ndel. pRK5 is digested with Ndel
and Nrul (blunt end cutter). The RK intron containing fragment is isolated and ligated with
the pClneo2 backbone. The resulting plasmid is pClneo2RK. '
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To bring both expression cassettes on one vector, the vector pCineoDHFR*-RK can be
obtained. pCineoDHFR*-RK is obtained as follows: '

The DHFR* expression cassette is amplified by PCR from vector pCHI-LC (Simulect SP2/0
light chain expression vector). The | primers are BB35
(GGGCACTACGTGCCGCGGATTTAAATGCGGCCGCATATGGTGCACT - Seq. ID No. 3)
and BB36 (GGGCACGTAGTGTTTATTAGGGGAGCAGAGAACTTGAA — Seq. ID No. 4).

The PCR ffagment is cloned into pClneoRK via Dralll restriction digestion giving vector
pCineoDHFR*-RK. pClneoDHFR*-RK is opened by digestion with Eco0109l. In order to
create blunt ends, treatment with the Klenow enzyme is performed afterwards.

The expression cassette from pCineo2RK is excised by digesting the 'plasr'nid with Bglill,
NgoMIV and Stul. After ligation of the two fragments the “empty” expression vector
pCHO2neoN is created. Into pPCHO2neoN the antibody light chain gene is inserted via the
Miul and Sall restriction site thereby creating a vector construct, to which we refer as
pBW108. The antibody gene is therefore amplified using primers which contain the two
restriction sites. |

The mAB heavy chain is inserted into pBW108 via Pmel and Ascl digestion of the vector,
thereby obtaining a vector construct deemed pBW111 for description purposes. The heavy
chain is PCR amplified with the 5° end generating blunt ends and the 3' end of the gene
containing the Ascl restriction site.

In pBW111 the 5 non-translated region end of the light chain is exchanged because an
additional ATG codon is present in front of the light chain cDNA. This is accomplished by
exci'sing a Bglll / Miul fragment from pBW111 and replacing it with the corrected fragment.
The new plasmid is deemed pBW133. pBW133 is the first vector with all genes on one
plasmid. The arrangement of the genes is: LC — DHFR (opposite direction) — neo — HC (see
also table 2). This vector is one of the starting materials that can be used for obtaining
vectors according to the teachings of the present invention. However, it is clear that there
are several other ways to obtain respective vectors. '

Construction of pBW139

The second vector construct that can be used for obtaining pBW147 has the configuration of
pBW139. pBW139 can be created from pBW115. For the construction of pBW115, the
heavy chain gene is cloned into pClneoRK (see above). Therefore, pClneoRK is digested
with Mlul and Nrul (blunt end cutter), whereas the heavy chain PCR fragment is digested
with Ascl (3') (compatible to Miul) and is blunt 5. The resulting plasmid is deemed pBW115.
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pBW115 is digested with Scal and Bglll. Then a Klenow fill-in is done to create blunt ends.
The light chain expression cassette is excised from pBW133 with Scal and Dralll. In order to
create blunt ends, T4-DNA polymerase treatment is done. Resulting from the ligation is a
vector having a configuration as pBW139 (see table 2). '

Assembly of pBW147

For obtaining pBW147, pBW133 is digested with Spel, Xhol. The fragment containing parts
of the CMV promoter and the first part of the heavy chain is isolated and ligated to pBW139,
which is also cut with Spel, Xhol. In the resulting vector the heavy - chain cassette is found
- without a disturbing additional ATG codon. In order to bring back the light chain into the
vector, pPBW139 is digested with Spel. The LC containing fragment is inserted into pBW148
which is opened with Spel. The resulting plasmid has a configuration as pBW146 (see table
2).

In pPBW146 the DHFR gene from pBW112 (expression vector from another project) is
inserted. However, the DHFR gene could also be obtained from a different source,
. depending on the kind of DHFR variant desired. pBW146 is digested with Bglll. Afterwards
the DHFR cassette is PCR amplified with primers containing Bg/ll and BamHI restriction
sites. The PCR fragment is digested with the two enzymes and inserted in the fitting Bg/ll
site of pBW146. The resulting plasmid has a configuration as pBW147, wherein all
expression cassettes have the same orientation. The structure is shown in table 3.

This expression vector can be used to obtain stable transfections. In order to further
increase the expression yield, a very MTX “sensitive” wild type DHFR variant can be chosen,
wherein also the MTX concentrations should be adapted adequately.

Example 6: Construction of expression vector pBW154

For this vector, the tandem configuration of the mAB genes and the DHFR gene cassette
from pSV2DHFR (wild type version of DHFR with high sensitivity to MTX) are tested. The
DHFR expression cassette from pSV2DHFR (ATCC#374146) is amplified by PCR. The
fragment contained the promoter and the polyA sites. As before, the oligos had Bglll /
BamHl restriction sites. The DHFR expression cassette is inserted in the Bgill restriction site
of pBW146, resulting in a vector construct having the same structure as pBW154. The
structure of pBW154 is shown in table 3 and can be derived from Fig. 1 and 2 which show a
general example of a vector construct having a respective overall structure/configuration of
the genetic elements. The sequence of pPBW154 is provided as Seq. ID No 1. The light chain
polynucleotide is marked n (in the priority application indicated with the placeholder V), the
heavy chain polynucleotide is marked n (in the priority application indicated with the
placehoider Y) in Seq. ID No. 1. The features of pBW154 are summarized in Table 4. Of
course, also other vector elements, e.g. different promoters, different enhancers, different
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Poly A sites and other elements such as different oris can be used. Furthermore, it is
possible to switch the expression cassettes for the light and the heavy chain of the °
immunoglobulin molecule. However, the shown selection and arrangement of the vector
elements is preferred. As is outlined above, also functional fragments of immunoglobulin
molecules can be used. Therefore, the indicated “nnn” only serve the purpose of illustration
and do not indicate any size restriction as smaller or larger immunoglobulin sequences can
be present at the corresponding position. In order to alleviate comparison with Figs. 1 and 2, -
which show the general construction of vectors according to the preferred embodiment of the
I invention, we have indicated the numbering of the corresponding elements in Figs. 1 and 2.
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Table 4
Base pair End Feéture Cofresponding
Start numbering in
Fig. 1 and 2

1 743 CMV prom/enh ' 1
857 1000 RK-intron 2
1054 1766 mAB LC 3
1815 2036 SV40polyA 4
2367 3109 CMV prom/enh 5
3223 3366 RK-intron 6
3452 4863 mAB HC 7
4931 5152 SV40polyA 8
5766 6184 SV40prom 9
6229 7024 Neomycin 10

phosphotransferase
7087 7135 Synthetic poly A 11
7546 8406 Beta lactamase 12
antibiotic resistance
gene
9243 Unique Linearisation 13
site
9422 9617 SV40prom 14
9640 10204 DHFR 15
9776 10426 Intron (Donor — 16
Acceptor)
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are the 5" to 3 orientation, the chosen DHFR vari ants

and the placenent of the DHFR sel ecti on marker on the
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~additives such as peptone are added. Hi gh productivity

rates can be obtai ned when_4ping the vector according

to the present invention: Cone Q (pg/cell/day) 1 114

2 91 3 103 @ = cell specific productivity. Exanple

11: Expression of an 1gGl anti body and an |4

anti body An 1gGl antibody and an 1g&4 anti body are

The ¥ &opRguraidroBESordihg tortAprésent ifVicAPEH ehdblésitive straight forward
generBSH UFbel 6581 ' Hhdrd Bay SlieAYEN 802! Kéaﬂa%bx@sarg%@ 5 to 3
. _as peptone are a d. Hi roducti Vi r can, .be

orlentaidﬂrgiﬂ?peahqﬂqgrpﬁfﬁ N@”"i’ﬁ% a%@ lacgrpent & }/ﬂf S E?{iﬁg?ectlon marker on
the vesters estwalings the arrang@iroerd ofgtie antibodyodggnepand the second selection
markdrRBé®edn the plasmiid FheaRtiobealy also be used for the production of non-antibody
proteins or peptides. As described above, with slight adaptations of the DHFR cassette, this

- system is also usable for gene amplification in the DHFR positive CHO-K1PD cell line. For

| gene amplification in DHFR" host cells. a mutated version of the DHFR gene is used (see
above). The complete DHFR expression cassette of a vector comprising a mutated version
of the DHFR gene such as pBW117 can be PCR amplified with primers incorporating.a
BamHl site. This fragment is then cloned into the Bglll site of pBW158.reSUIting in the vector
pBW165. With vectors having a configuration such as pBW165 comprising a mutated DHFR
gene (and follow ups with other antibodies), high yielding cell lines can be generated in the
CHO-K1-PD host cell, which is a DHFR" cell line. An example of a respective vector
sequence is provided as Seq. ID No. 16. Of course also different vector elements than the
ones shown can be used, e.g. different promoters, different enhancers, different Poly A sites
and/or other elements such-as e.g. different oris. Furthermore, it is possible to switch the
expression cassettes for the light and the heavy chain of the immunoglobulin molecule.
However, the shown selection and arrangement of the vector elements is preferred. As is
outlined above, full-length immunoglobulin molecules as well as functional fragments of
immunoglobulin molecules can be expressed from the vector. In Seq. ID No. 16 only the site
is indicated as insertion site, where the respective immunoglobulin sequence can be
located/inserted in the final expression vector. Any immunoglobulin sequences can be
present at the corresponding position. Furthermore, as is outlined above, it is also possible
to express different polypeptides of interests. - '

Example 8: Small scale production of antibodies with transfected CHO cells

For test in suspension cultures, cells are seeded at 1x10° cells/ml in 50 ml ExCell81134
medium (SAFC Biosciences) in a 250 ml round bottomed filter cap culture flask. Cells are
shaken at 65 rpm in a Kihner Shaker ISF-4-W/incubator at 37°C in a 10 % CO2
environment for the duration of the study. Single feeds with proprietary solutions are given
according to a fixed feeding scheme beginning on the 4th day of cell expansion. On the 13th
day, 1 ml samples are harvested and titer is measured using standard HPLC and a protein A
column.

Cell culture supernatant resulting from shake flask cultures of the best clones is purified by
protein A affinity chromatography.
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Qp = cell specific productivity.

Example 11: Expression of an 1gG1 antibody and an 1gG4 antibody

An IgG1 antibody and an IgG4 antibody are expressed. Clones are grown in a proper culture
medium. Feed solutions and conventional additives such as peptone are added. High
productivity rates can be obtained when using the vector according to the present invention:

Clone IgG1 antibody IgG4 antibody
Qp Qp
(pg/cell/day) (pg/cell/day)
1 76
2 96
3 73
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Cloning of the light chain gene -
The light chain gene can be PCR amplified with primers introducing a Mlul site 5' of the ATG
codon and a Sall site 3’ of the gene. The PCR product is introduced into pBW154 via these
two restriction enzymes. This leads to an intermediate vector consisting of just the light
chain.

Cloning of the heavy chain gene

The heavy chain gene can be PCR amplified with primers introducing a blunt end for usage
of the vector’s Nrul site 5’ of the ATG codon and a Xbal 3' site of the gene. The PCR product
is introduced into pBW154 via these two restriction enzymes. This leads to an intermediate
vector with the old light chain and the new heavy chain. . o

Assembly of the final vector
The new mAB-HC containing fragment is excised from the HC vector via Sall digestion. It is
then inserted into the LC-intermediate vector via Sall to result in the final new LC-HC vector.
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wherein the prokaryotic sel ectabl e narker gene

wW@e@vioglsso an anti biotic resistance, wherei n saP@I/EP2008/067947

10.

1.

12.

13.

14.

15.

16..

antibiotic is selected fromthe group consisting of
anmpicillin, kananmycin, tetrggycline and
chl or anpheni col . 15. The vector nucleic acid according
to at |east one of the clainse 5 to 14, wherein the
DHFR gene is selected fromthe group consisting of
Wihkdvgoter Dl acidicRONMiNG dmiclaimyf nér £Xpeagsingdanmxmunoglobulin
FeASdUld BbhprisifgRe8eh eRprebdich YassdiieRROINdnd (PBIFRa polynucleotide
ﬁ%ﬁﬁ‘ glﬂ%‘ﬂ%ﬁ*grﬂ’lbé%”ﬁ]%‘v?%ﬂawaf a?'neiﬂ'ﬁﬁﬂir{o\é'lébﬁli HBRRUR o fanctional

_ , . e'vectqr nuclelc [ ding .
fraopentscthgieob hespinigaeh ErefeRRon cetse t8,(P§ﬁe?'Eﬁa¢E’aﬁ gohprises one
@Kk paid pslyoucleattiesr is sel ected fromthe group
consi sting of WD 2009/ 080720PCT/ EP2008/ 067947 - 35 -

( acir r | j t | gi b i id -

a%kp\fe.sﬁqrm%%leﬂcea%ﬁ%%ﬁﬁ%%né%’#& WP R e St 1o 7, wherein said

ioxBiessip gagseitan GRMBRTe 2 RIS AN/ tiansqriptign tegmination site-

is indicated by the -> |, Pronoter of the (MASM

m\fﬁ%ﬁrgﬂcﬁ%séfa taRcérdinh tblat |6 ONENSTAHE m{airhﬁel to 8, wherein said

: / . the (MA

BB of 3SRk chPBrife &y bRl M dGh R

expression cassette (-)) IV. PolyA site of the (MASM

eBtfer escsoromuates sieidt according tovclaipr Snert &r whgreinhihie(gpigssion cassette

QPRI LSS GRS S Bkpresdior?) cadsettd N{PON) af preser(tP@bnprises a CMV

gpxrg%ﬁtseWeRHang:g?sa?’ntdyo? \fvhéréin Hle! ex r@géf&yCda??ét{ege(ME@nﬁg(MASM)
ol ypepti de o |n}ees,v\/n| IS inserted In the

(W'Séﬁp?\é@sﬁ’reﬁ‘°3%§§é?rf°8r PrapVeP PIOMABBi-yA site of the

(PO1) expression cassette (->) IX. Pronoter of the

(FRRLvACtEICRSS iabid sctdririg B Elaim) 9Xor 10)twimneinfattiémst the expression
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XIl. PolyA site of the (PO1l') expression cassette (->)

The vector nucleic acid according to at least one of the claims 9 to 11, wherein the

- expression cassette (MASM) comprises an intron which is located 3’ of the mammalian

amplifiable selectable marker gene.

The vector nucleic acid according to at least one of the claims 1 to 12, comprising at

least one additional expression cassette (PSM) comprising a prokaryotic selectable '

marker gene, wherein the expression cassette (PSM) is Io_cated between the

expression cassettes (MSM) and (MASM).

The vector nucleic acid according to claim 13, wherein the prokaryotic selectable
marker gene provides an antibiotic resistance, wherein said antibiotic is selected from
the group consisting of ampicillin, kanamycin, tetracycline and chloramphenicol.

The vector nucleic acid according to at least one of the claims 5 to 14, wherein the
DHFR gene is selected from the group consisting of wildtype DHFR, a DHFR variant
having a reduced MTX sensitivity compared to wildtype DHFR and a DHFR variant
having an enhanced MTX sensitivity compared to wildtype DHFR . '

The vector nucleic acid according to at least one of the claims 1 to 15, wherein the
expression vector is selected from the group consisting of



Xil1. Pronoter of the (MSM expression cassette (->)
XI'V. Gene encodi ng the mammal i an sel ect abl e nmar ker of

W@ b@9P8MBR) expression cassette (->) XV. Pol yA BCT/BPDS/067947

(@

(b)

17.

the (MSM expression cassette (-f) XVI. PSM expression
cassetteor (4-) XVII. Lineamgzation restriction site
if the vector nucleic acid is circular; (b) a vector
nucl eic acid as shown as Seq. ID No. 1 or Seq. |ID No.
16 or a derivative thereof, conprising the sane
arrangenent of genetic elenents. 17. A nethod for

m SIEBUCEr 109 liRearaRERF nnuéub@cm mpiusa@qaé %lmuﬁgOgafenJ: eRr#lents in the
of the clains rein said meth

dndieated ayangemens; w@erskn tﬁ%éstp ¥ dizeqtign iifdingteg @Métaer c
el IE MBS b ofeRof BHe an) @@ﬁes%nrc%@étm—casset t e ( POl)

ressin tide of Intere
L & eoﬁnw@ye#feen%m“aeo%w @Pﬁgseo{e%tﬂﬁmrgﬁr of the (MASM)
sel ecéxgkgse.omgggneqenﬁ (c) an expression cassette
risin manmal i an anplifiable, selectable

(MA
mslllkéf‘tr g‘]e)the (MégM) exprepsiomaassetie (eXpr essi on cassette
(‘RO1) ssette (MASM,
{ne &k eééef‘%’fﬁﬁ% S e e L3 P o t e
eX\pr d%rsmotercoﬁﬁme(P@) é@@as)smmasmw(ei—n) t he expression
g/l&% é{POl% are arranged in the
rqu t ) eXprgs '8ﬁ°a ttefﬁg)net hod according to
CI\&I rRdlyhuicteotige enktotingoa polypeptideasf imeristwhiticisdnseriadiinl the (POI)

conprising. arra t\he genetic el ements such that
t he e&XBFeéng’ (9ﬁsscegt§ggt_)te (MSM is arranged 3' of the

- XN FAHYOSCHIRE [RO) kibssianeassbgs p-p) t he expression |

cassette (MASM is arranged 3' of the expression
cd§sé?r9@°§ quekjhe (POI) axrrassien ¢assettET>kLel | conprising a

vegt | east one of the

clggi ﬁétr%ﬁgﬁi%ﬁ@@ogpﬁsgﬁﬁ?%%t{ean ost cell accordin

t olcIRalypuelsotidhencadingsan fditiosnl ralyreptide afintecast avighpiminserted in

the grRelgP® fdskidf caEsdHeR Cl27, Sp210, NS-0,
NS- 1, Nllz—% @@Baz PCth 'B_H)P<and CHO, Cosl , COs3,

COS'Z PaiyA site\efitoe (FF@D@XPHEMOQ93$Seﬂtet(rr?a deri ved PER- C6,

Vi fr I0|df|bro St nyel oma .cells
B Elef e (M) B isSion cBttRlE g Ta host cel
ad@MrQﬁﬂﬁg enepdingithe TRreMaliEm, selh@aUEnmtarker e sthe c@SM) expression
transfgetad (\M_;)h the vector nucleic acid according to
at |least one of' ' the clains 1 to 16. 22. A nethod for

prOd IRalyRgsite gfdhg (MPM) eepredsiomdassettd (—3pi d net hod

c risihn culturin east qne host cell according
t%lﬁﬁwﬂeg@eﬁﬂo%cﬁﬁﬁe ZLI"b mg,dl um under conditions
alX\gli Linpagixgtiopgestactionf sitedi tte ped:tymméidacid)is dircLlar;est .
23 The nethod according to claim?22, wherein said

0L UAEEN 5 S B ) ab ST L bESBe BENBSD or o cermane

,;gq]egh]compnsmg the same arrangement of genetic elements

A method for producing a vector nucleic acid according to at least one of the claims 1
to 16, wherein said method comprises arranging at least the followmg genetic
elements

(@) atleast one expression cassette (POI) for expressing a polypeptide of interest;

(b) an expression cassette (MSM) comprising a mammalian selectable marker gene;

(c) an expression cassette (MASM) comprising a mammalian amplifiable, selectable
marker gene;



24. The nethod according to claim22 or 23, wherein
t he pol ypeptide of interest is an i nmunogl obulin

woredoemosi7eo or a functional fragnent thereof. 25PCHEP2008/067947

18.

19.

20.

21.

22.

23.

24.

25.

26.

pol ypepti de obtained by the nethod according to at .

| east one of the clains 22 _t3g.24. 26. The pol ypeptide
according to claim25, wherein said polypeptide is an
i mmunogl obul i n nol ecul e or a functional fragnent

t her eof.. : '

such that the expression cassette (POIl) is flanked 5 by the expression cassette
(MASM), the expression cassette (MSM) is located 3’ from the expression cassette -
(POI) and wherein the expression cassettes (MASM), (POI) and (MSM) are arranged
in the same 5’ to 3’ orientation. '

The method according to claim 17 for producing a circular vector nucleic acid,
comprising arranging the genetic elements such that the expression cassette (MSM) is
arranged 3’ of the expression cassette (POIl) and wherein the expression cassette
(MASM) is arranged 3’ of the expression cassette (MSM).

A mammalian host cell comprising a vector nucleic acid according to at least one of the
claims 1 to 16. '

The mammalian host cell according to claim 19, wherein said host cell is selected from
the group consisting of COP, L, C127, Sp2/0, NS-0, NS-1, NIH3T3, PC12, PC12h,
BHK and CHO, COS1, COS3, COS7, CV1, Vero, HelLa, HEK-293, retina-derived PER-
C8, cells derived from diploid fibroblasts, myeloma cells and HepG2.

A method for producing a host cell according to claim 19 or 20, wherein the host cell is
transfected with the vector nucleic acid according to at least one of the claims 1 to 16.

A method for producing a polypeptide of interest, said method comprising, culturing at
least one host cell according to claim 19 in a cell culture medium under conditions

allowing expression of said polypeptide of interest.

The method according to claim 22, wherein said polypeptide of interest is secreted into
the cell culture medium and isolated from the cell culture medium.

The method according to claim 22 or 23, wherein the polypeptide of interest is an
immunoglobulin molecule or a functional fragment thereof.

A polypeptide obtained by the method according to at least one of the claims 22 to 24. .

The polypeptide according to claim 25, wherein said polypeptide is an immunoglobulin
molecule or a functional fragment thereof.



