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(c) an introduced pol ynucl eoti de encodi ng a second sel ectabl e marker
(smil1l), which differs fromthe first selectable marker (sml);
35wherein the activity of the selectable marker (sml) or (smll) is
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comprising at least

30 (a) anintroduced polynuciectide encoding a product of interest;
(b) anintroduced polynucleotide encoding a first selectable marker (sm [);
(¢) an introduced polynucleotide encoding a second selectable marker (sm I}, which
differs from the first selectable marker (sm I);

35  wherein the activity of the selectable marker (sm I) or {sm ) is at least partially influenced by
the activity of the other selectable marker and wherein the selectable markers (sm I) and (sm

Il are involved in the folate metabolism.
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wherein the activity of the selectable marker (sm1) or (smll) is at
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|
|t r oD ETRSS A 2t HHon eongenti Oﬁa?é] 2 faag (Heg o st il

t hat may demn@'gmta%then@@wﬁm@f therfolate BanspREehsad ascpelegtablanarker (sm I). This
t r ansf ectoupling of3he bathlite/furetivraality o ltheovdlentatidmanaty @ohulg tihd (Bnofl) has the effect

pol yngicl gt kKte hodtNdefst Mﬁanh?%nd%@'dro@th@a@%cédrﬁﬁﬂra%@ inRredgt RiuhddresdiWitive
In case %tﬂﬁ:ré Q%r{dﬂ%Hg efjb&ﬁ XI@&%F érggrs é?m n)b c!l (Qﬁﬁ a?g F{}&Hq?y %)Ielv?ess?d Host

genone,

e.g. wheRelBrRNw/ FP@'”EW&SF R“Sst § SF'FF%Yﬁs‘FL@H'Ee ?‘?“SH'QP%G? Sﬁﬁp up the Blate
Sui t abl e megtabobsne suffi gmtlyam suiepto ataiveel sweial andtdvewthost cel | wi t hout
integrating into the genone, e.g. by episonmal replication. However,

al so3pt hﬁ"’ﬁe hﬁﬁbé‘ lELGT oﬁﬂ% &b%;oh%y&!éﬁ RédoRdingot thfagfreée'ﬁﬁ anQbe'nrthxﬁdes a

o i b, iRt Seigenbfolyetef adlbg nd Efiichieht of Rioh froded A from the

expr esselfansiedted bosh galt peprafation.THis bl atipgensy of Weﬁe@%‘owt% ageofdingyto the

pol ypept pasemringention Jowecs det muwheher i ddw peodRidss irPthef popatatign aftéresgieatiduend

of i nter @gteabs theDEHBE RS ifil@ the Neyaatd QitbRigh PRodudiig NiigHe@P ThisMncreases the

mol egyl €. AR SFth8"cRIl poputation surviving selection. The examples show that the host cells
obtained with the selection system according to the present invention produce the product of
interest with a high vield, Also the average productivity of the individual producer clones is
increased. Thus, the selection system according to the present invention increases the
chances to find high producer clones with lower screening efforts.



25descri bed below. A "polypeptide refers to a nolecule conprising a
pol ymer of am no acids |inked together by a peptide bond(s).

Pol ypepti des include pol ypeptides of any |l ength, including proteins
(for examwezobeyhng nore than 50 am no aci ds) and peptecdgp200b/601224
exanpl e, having 2 - 49 am no 30aci ds) .-6Pol ypepti des incl ude proteins
and/ or peptides of any activity or bioactivity. Suitable exanples are
outlined below. The feature, that the "activity of the selectable
marker (sml) or (smll) is at least partially influenced by the
activityTid atidve azbieptiongl refidch ieccurrink @nderstanding of tuel ynderying rcehani¢rhdut

activityaf I%ﬁveg&e ot GRdi ﬂ&l Qs nﬁﬁf—:}‘ee rméf Béqfdtl"@n‘éﬁﬂalbéﬁoﬁéldfo@rth@e%ﬁgﬁi@ed

at | east tO or ILndirect

Cespect AT R pS SelRpity Plerunk AN 5fg) el b H‘%“?%‘Fg (3 Y g
vi ce Yer@m ) thaare bpthynvolvgdiimihe felgin reriebglign: FEGhAMOR: aéé%?'ﬁ gutlinggin the
f unct i ondeailedateisaription, thb @eseabpriraipleofithe peasentiavention s ales appicablete sther
and/or i m@faga&e&oéégé§ bopRRwAR dridEothér RiEctabR RERESUER IRBRY (A€ 1) BRGever,

but is "Bls Mg%hg% hét%{a 'l\%tnﬁfgtcﬁ'tb(% E&la@tﬁﬁté‘{ﬁé&’er E:Qq?]lal-‘ HONPTs #13bst paR&iy

ki netic

sel oct abPEUSRSFBY and Bari %rriﬁgﬁB‘W’ie Gt ettt thd e f%l%it%@? grarker in
mar k&® s ¢rden to ingradse she Iselectiem pasavied dhas | gthemebiecs cfeplveess caduantpers and
pressur eagpacishe? tio piesest! dpplitktide iwils Beatid ngpacarit talthese eRitled irothe. art from the

Pr ef er abf’o)fmmﬁ@e'dé@ﬁ 6h aﬂdeaﬁ?énﬁgé diams! k sMadiat be upebrRfoab hewsRrk at the

bat huny GUSYRS "%P“PgP” CorEngP L AT, Al SRR GRESD WAL JodiEatfg FreBhed

2010/ ommgww@m iy eppiioation. gre @Vﬁ’t a!b way &% HHpiration onlys Ypeeys gagges and
mar ke¥ s (edifitatioas dvithsrrthel $pidhdndrscatroiofl thepdisclesask nvaniibnp willh begpsea resdily

descri begpdaferfi el thbse Si6llcdvia tHeudrsRsIH estding thavlieeingr i be enbodi ments and
advant ages of the expression vector or 5 conbinations of expression

vectors ' r ' [,pn. \Where appropriate, we
descr | besgﬁ’g@%bglg'ééﬁﬁgﬁgaicﬁ'sighj'ﬂﬂ%ﬁ?@{‘?wth the use of said
expression vector(s) in selecting host cells expressing the product

of 1 B0 er Asdordidg toorr@i asgettof tHecpresant mvagi®npén eipeegsicnseator bna eombioationt diat

aCt'V'tYIegétﬁvB%xﬁr@Lﬁ@ﬁ@é&&sWrB@&ec( %%F%lﬂ&deat%asﬁsm 1) is influenced

by and accordingly is at |east parti al pendent on the activity of

t he ot her selectable rker under cult condi ti.ons, sel ective for
bot h sel ect@nf BOhRKAlgotide epprding,a PFﬂdECH"xf’g‘?rﬁétﬁ’&H 'WW%@"&&%‘E%B@@“”Q a

mar kers (sm |po!mle@gdﬁ¢ncpd=ngraeprg@4céeimaespressure on the host cells
i s ipsreasqp) a Puigndoledtite encudingea ftessalsttatte merkgr Ghr ngent  sel ect i on

systemis REoy Qﬁﬂu@édueweﬂeo&ﬁbea %eédrfaméﬁs&ab@fmmksh(sm PAWRICRiFRS From the
fromthe tranfsr eﬁecﬂgb FLS 65 popul ati on. This high stringency of
t he sel ection 3655 éc'@ng& 8' '0 the present invention |owers the
nunber of | ow producers in the population after selection and

i ncr easewheiein thhactdy pbthisetectable markgr (serlpofstrialis giHegnat pddialnigfluenced by

cl ongs. ﬁ@%ﬁﬁhyﬂﬁtﬁeq)tﬁerryégc@b[@daﬁabodl nment, the sel ectable markers
(sm1l) and (sm 1) are both 20 involved in the same metabolic process

whi ch bl f | |

oot or ARbIRGREE anRRRH) whicn i g Sosen b Bk inkdysB8 BB hugientive afgp under
Thus, mewrpweat%ﬁw@ys |cahur9éeﬂ@14°rt§rth? Reeetiomef fasticehs Brpragsingaid sqlggiable
expr essi orarkeech se¢lectalsle imarkeydaipreterably @ bidmepleouts, i marticutayst padwreptidd. [Beitable

acti ¥kt ysneQans shinls 8l dbsefbeRGh ablag belwkers (sml) and (smll) in
conjunction wth the selective culture cond| t | ons | nf | uence/ attack

the same netabolic roce?‘s of the 25 reci %‘8 ¢ least
Accor di n§l’ yect?f’héc%i’é g fq &eﬁe§%é'@8"t@8t’%ﬂlp8 H'é?' {de °c"8ﬂ'?'?)° 8"?‘1’8"395?% eas
1 1) infl gespelyrusigetide fragmentt Aivacteaiuactings ik melesules eargier, dhlesng fragments
I ncr easi BYniidigc acikie cédpestiehepariueledtiddshietcha sibstcazdll] It nhnstomgrisksat least one

survigye/ gyabidifl atRskidebomprishd | MBustdny UsEqeAbdl tioPNprdpla) ERsBédiRy a
polynucleotide incorporated therein. Polynucleotides {e.g. enceding the product of interest or
selectable markers) to be introduced into the cell may be inseried into the expression
cassette(s) of the vector in order to be expressed therefrom. The vector according to the
present invention may be present in circular or linear(ized) form and also encompasses



5(a) nucleic acid synthesis and/or polypeptide synthesis, (b)

nucl eoti de synthesis and/or am no acid synthesis, and (c) the fol ate
nmet abolism 10 The nentioned netabolic processes/ pat hways are

i npor t ant Woromwmémimi ning the cellular viability of thechestoimedib2s
and/or for the proliferation of the hodt cells. Therefore, they are
sui tabl e working points for the selection systemaccording to the
present invention. Thus, these netabolic pathways are very suitable
for choowdcnj Gagments-i dbe tewn cvedton e kempris® afifielrl siromaseeien Qs similar
sel ect ablegpemivd polyfuivotifieaidwireg tae tratdfer afforkign n(slaiclakbid fagoheatsi t abl e
selection conditions allow ng the selection of host cells expressing
sai d markers. .k able ection kers .| | ved | '

ot abol | & PMGHOATE i B EL ORI b 42 sl b o SR HebhyfBose
sel ecti off H9sate ArsRerand rRigEUIR PA @R avell @ 5Ny depghfing pra thecoptexh d e term
bel ow antpolyaucledids” bdnass gwt | poropigeuranyi sizewirestrictioas perg enlsoi Boenopasaes
20 Accorﬁd[mcre@tima:oﬁ{m@id' Wdlficafidie, ihipaicuemeeiiedhecisaiaser (sm )
and/ or the second sel ectable marker (smll) is a eukaryotic

sel ect abl e,.mar ker "eukaryotj c sel ectabl e, r' allo t he .

Sel eot § of apvases palvEaeld Tees S iitrerid hadestro B L mea hagt
sai dlGel el a8l by Her yasr of reagrabisamdeshniques surlk @s dsnsfeatinnk dne dwpt el may or
met abol | mag etat cdoddpriee nar leadogemdus motynaclestidee corgdspbmading do,i respeatisdlyi beiag
et abol i GeRi@FRSthe HiroBatddElyrRicieblide. BRttdductninayIbé beibvedicd. §. Y transfecting
pol ypept L gy SYNL OGS Bt il WASHIRY Fio IACoddold! or B SSLARY C oIl Flncfeibn)
) and/o _he second sSel ectapre ma_rcker %sm ), can be an‘a eI| I abl e
sel ect abPutahis Yastors alipwing fher intipgustian pheqlyiyeieotingsiate the negtcetl e described
30sel&ct inoietajf betewt iorcase berintiodgeatopalyrssleptideaischab inseded intg dregenome, the
anpl i fi cmtrbéuted popfiptiestidelcanampiesttdt it Rb|stdgeady.onttetl 6 icall endeByd<@itssis
ar e KnowrahBoh FarfdcRbn A6LitSE YedSreDbleR: ARE bESnaiffiindd i he HEL Gk Rou
mar ker ( m l%t‘ and/ qr the seconﬁ%sel ectEabI.e tmarFer ‘gesm I Igt can be a
catal yti € PoTyBeE ??Ifegeé‘u"m_& T Pans pETYe %&jﬁ%"é‘p PYe ’1\%\%‘&1_’33’?‘?8’51‘%*{35 are
respect i §OWsE dhg BT @FORRI RS PNy ide e dosiseed Whirhcyajdgrertoed ip
Wi t h2@ hefugthersdetail babowent i on and will be expl ained in detail bel ow.
According to one enbodi nent, the second sel ectable marker (smll) is

a catal y}\i“ roBQ&tW%rEQere%rQQc?ﬁ%i g uAt:Q J@Qe?pré%&gﬁtiﬁ i§ h@@ti h '1' ;?ro ct of
conpound. that 1s I ncorporate t%ehrs.seeta rker m?
ot bt heRSER: e e 6. SPUTRASULR Be PRVBIRRRIB RGN RS AV it sab!fﬁ*e préduct
i ncor por aft éderegnjsoaneoieptiee. in\paigular Go7 ParpwED/akPiIrD TOgleme DBxamples are
(b) 25 subsdcrinécebeldav.ch, or a precursor of which, is obtained by the
activity of the first selectable marker (sml). Hence, said catal ytic

ol ypept i,d I d - pr
ubotr ot A" Bolfilee oo o SRLERE Rl She soiiray oF Rl ARARKE Boether bv
first sepdepitn Bomisk Bplypenidps Inqude pRIVRePdRs ot Ay enath< MELHIPG pecteins (for
i s produesainilg, hadieganare Viansbaminhacidsy and peitides €l examptek daviig - 14p.amino
fSfii dg@orrpauu)d Pbippdptides mc[lldeipla?téi’npm’rﬂfoe(iegﬁfﬂe@ df amy hmti*iitycdi':cHicgdr?}dvityh?uit?ble
I rst se i can al so be a precursor o e actua
substr at %ﬁﬁ%& ?S%?ﬁ%ggg‘g} by the second sel gct able marker (smill).
Thus, the catalytic pol ypeptide (smll) nmay also process a 10 )
subst r at e featurpsthat BerBeiileef T seleriEble BIAKSr e} Shismd) Sodeesi wartially
t hat i s infioerced bathedadtivityoof ttieeothestelanidtle trgrke eadictiany meahs that the activity of
sel eg$ abbge §@Edtale el )s inflPcEABR a8DE depBnddatqse td A Cerfh 86drad Hivectly or
mar ker (ﬁxg]réc)tl(y/\!’o?t tfe G '\ﬁ#{%é%cmy Qt‘iand@f th@%{h%ﬁgelgétaﬁletrﬁ%ﬂé'p@ﬁ& %Etionaliy
po! ypept 1 de. Sh‘ uh. Q.n&‘. oun X\E‘g |It qorh‘yaﬂ |t.b| S assfum?. t hat .. £ th
this enbwﬂ? ﬁchﬁa,. Vi Ct"? sf foaﬁe a icular ascribes any function or action of the
selectable marker that provides, promotes andfor increases resistance to the selective
pressure and includes but is not limited to the catalytic activity, the turnover rate, the kinetic
40 reaction rate andfor the transportation rate of the selectable marker. This
dependency/interaction of the selectable markers (sm 1) and (sm ll) can considerably
increase the selection pressure on the host cells under selective culture conditions.
Preferably, the selectable marker (sm 1) and the selectable marker (sm i) are involved in the

same or a concerted metabolic process or pathway essential for cell viability or proliferation.



15 second sel ectable marker (smll) strongly depends on the activity
of the first selectable marker (sm1l) under culture conditions

sel ective for both markers. The presence and/or anount of substrate
for the sevondosebact able marker (smll) depends at | ea6r/EPmI®001224
certain degree on the proper expressioglactivity of the selectable
marker (sm1l). Strong overexpression of the first sel ectable marker
(sml), leads to a higher availability of substrate 20 for the second
sel ect ab$uitablier dvamplesnofl delectdbie ntarigdne (sravpahdiken illy yndfmethlolis yiredtessgseand
| ncr easegatt iy safd bddbe®@in deid s@nd sel ectable nmarker (e.g. the
turnover rate). However, if the selectable marker (sml) is not
expressed with a sufficient yield, no or Igss substrate is enera%ed
for the Sw¥isesretle Weargarbe sPIdmenip AW advantages et BIMETP aledor o
decr s esamiiiions ofl exgressiorovecteraisstirdipatto thenpresentdnvention NVRYR aPREIPKEIE
(sml 2:1 | e Aebdrdastnesd edvaptigepapicbAiendtien nﬂmuﬁbl&e}‘oﬁrsaid expéc_ession_ vector(s?] in
i ntroduc : e culture nmediuminto the
host cel %M\Rﬂggﬁﬁﬁgﬁﬁ s&%gﬁﬁgpfewgg ogrng%%hrsor of a substrate of

t he second sel ectable narker (smll 2,. Preferably, said compaound is
essent i af\caopting il the {gaghings of thaRiessn EV%TtPf‘eﬁhﬁtaF%‘ﬁty of the; selagiablepagker (sm
t hat 16 n ot sneitbisdnfioented bjend ecannding e iscattiedst pariakkdepepdent|dn)the activity of
Opler at egth\é’i dittferaselticeHbR makkeefuhéis @Jﬂ?bé &fnd]EtiUijél _@M@c}(ﬁtivé abeboth fselebRblel msrkers.
sel ecta :

conpounaC il o PSRBRbR R aE (ih o S AT e B i bssure on
bel i evedeHast 5ol is dhggezedr @5&'5#%‘&%‘9”& qafhs. B vecy Stinpeld seifcon sysip s
(sm 1) ablowided taiewingsthe castrickmedt einpigh tpradicingoeells affem dbarptanaigcted oiast 1gall
cul t us e pmliidtioni THI® highastrir@inky afitheasetsatioh sgdtem aabdrding to Hiee pesentdmbangon
o . T ORISR d in B PoRRTRR;HHdy Scblih SHA i escs e
and acco?Qﬂnﬁaﬁﬁ%dutﬁgf’?Q?g%(%t?ar@h%rg%énrga%@essai d substrate) of the
second sel ectable marker (smll) in the host cell. The sane

princi pl Ascorgiipg yo arprefeged temboldimest, thelselectibleematketsetsn( §rand) (shrslllaare both
cat apyt i pvHIodd PERE isdenhatabdlicNBocess Whidhl i brefetbg aesatiar o celdliability and/or
substr at g fifdatiohSe BT 6 ﬁ@géiy%fﬂuaéf.c bBigs %ﬁg&g&@@é&%@} WheTPihK Rpled&dn

[1). Thi ssunption reflec current .understanding of .t.h .
Unier |y PP ICAES SPGB o1 2 CARCMR, BT RO ST B DiroRed Ml e fegipient
ot her expPsireall.i th sctivily/presenes stpaid gelgeigbisdaacss BEr lo 28€ (F P fre conjunction
sel ect i owitprties sakeetive WhHuad) tONDRFB4DRERCERROIONR0dA0e meldbolie. mocess of the
nucl et i fRisferRtHass kal. _qarccéﬂtrgtye thee ety i of the \WBleBAbRCHANGINENY ) and (sm 1I)
functiongaml & b SfHek WiniHY ﬁrr%aglgcﬁiﬁﬁa %ﬁ%s&,%ér&'ﬁ lngﬂggh%{l-%rh%iechén Retdure
sel ection nmarkers are expressed in sutficjent m)unﬁs nd ... .
accor di ngnyne best cell ifast chlls SHAIYR/RIOHRGEF YAder qeleR eI oEongltipns thal.despite
resul ts khe $aleptive calture wgeditonsetaschgeprircesidimatahedc prcass sufticienilytip osfes to
enbodi meallow téEsdrvivalt arsegeetials evivaligkanth (s pranjotep #rsatdesost pelly expressf both
E E: ggﬁg@@leégﬂa{ﬁgﬁ%&% SRk @hd (1) lahd aEGbr%ir@@amf | &Ent?d&ﬁf%d? eﬂarfwiém{r?ﬁbtor(s)
(smi)y g @é v@geﬁﬁ? | PRt RHPHec Wendr bR B opBY Hithes
second s®tB &GRS mar ker (sm1l) operates downstream of the

10sel ectabl e marker (sml). According to a preferred enbodi nent, the
first selegletdbofic pRICESY” paRikula)ly Heschibes 8 PRIdeSER the hostsflowhiel is essential for

Doty B20: ALl 90O SraRbhe s 1 DA pikhaore ot i
Lo anot nayingge popheplcls sy A ritpttyf BABRREn sl P Fr@ TRAl oL
cel | . Exahpmeaiaksfic piwcesians dassiigsot tefined seigsediihamical reartipne oreyaEng within
pol ypept iades.,, incdeah petisvagnd priacipalexthemicat isameditetsipo chamic@oeggiops.i Alelassical
sai d sel eedAbk eof B kieRdbolis Bathval e ftes abkMotidepeyntitesis @eIERgIng Goi thé andthtsblic
host 4gel | dhal of fucely Qi §fhth&sigN iV Rhticufar SRS GRIedr pyRinicieehiEStHAERT or the
synthesis of amino acids (belonging to the metabolic process of polypeptide synthesis).
There are several levels of metabolic pathways, which are also often interdependent and
thus connected. Therefore, these terms are to be understood rather functionally as the

individual metabolic pathways and also metabolic processes often overlap.



Therefore, the cell viability is maintained/increased in case the
host cell over-expresses the 40 first selectable marker (sml) and
thus inports sufficient amounts of said conmpound into the cell in
order to keepowpotle concerned netabolic pat hway, even picl/Bpb@0/001224
concentration of said conmpound in the ®ulture nediumis very low |If
t he expression and accordingly the activity of the transporter

pol ypeptide (sm1l) is increased, the availability of the substrate
for the second selectable marker (smll) is increased. Wen the

second sabmﬂ:a@toeonﬁwdnﬁ:rdnrﬁ@rm thé Yirst Sel@ctab®marker (sm 1) and/or the second selectable

2010/ 097314.}.943ﬁfure %QQ&%me%ol&&ﬁ%@é%%ﬁﬁtﬂﬁfﬁ%’%ﬁfaﬁ é‘elecg«‘&?from

sel ective cu Ium may conprise an i sai d second

sel ectable marker (smll), e.g. a conpetitor of the actual substrate
of the st aHeelsarideyatbeds ﬁﬁﬁ”R%l?Oll(P@ﬁi'qiq gynthesisl s strongly
overexpressing the second sel ectable marker (smll1) tol erate higher
concent r gfyin0&1SotRk s§Rthesis BRA/BE 4o aBRIRGRthAd Yanat hi gh substrate
concentrations (which is 5 at |east partially dependent on the
activity, of the selectable marker (sm1)). This has the effect that
the host (@8 foReMERPRISTY s consi derably increased under sel ective
condi®ions, if both selectable markers (sml) and (smll) are

st rongl yTﬁgmmsM mElfeofid rodcl sestpiessi & irpbaantf fot heaipadihgc theotellular

Ia(r:]: er eft y:?@nhtk;%ﬁﬁ@%@ﬁ cell #‘Hr?dlo”b? tﬁé"é%h\‘é?&hoﬂf oftA€ host cells. Therefore, they are
ivity

tiopalit
ot D, YRR o fort RS SBRRRRT ibidin BRICHENG 46 B bhesB it ths,
sel ecti othese mﬁtglw g RETWAYS @St YeIY Uable XBr £8gsing aeRrpPrgte election, garkers
sanmelpri ingolpdd theepgin iasssélectatis enarker (s Ht arskebaledtatiie enarkerkesm (i5 mnd )suitable
an enzyngeledival conditibny Alfvaviny éUsdIédion G Mestadd!9 RxplessiRg saldbsbikalse SuBbble

t he Secoséi n@hgﬁérﬂ&%% dteh &é%éée)cti\%esﬁreta%g%’ géthmigg] %aﬂga ifible host

f f
Second  SaSEBRsuiaNg teitelRap IR s Kaghn b e Pﬁ%d?%r'a% Selow and

met abol i §2 this Pe Legckingeaignetiongvithdhe presentdrvention. nvent i on can e.g. be
an ox@dized folate (i.e. folic acid) or a reduced folate or a

derivati meccmﬁg 8dne dribdifthéitathe fifst Eab@tm@e infarkes @i l) adlop it deBndPideditie
inventiop,, fl% éﬁ%‘ﬂ) 2% a}fé&@ BQF&L&aBY'e' ar {i &aaﬁ%%t.eé?tp&aqag rﬁaa#éé?“aﬁwv& the

into a hos
fol ate, Fe'%Ct"’f‘c?F PE“ g, °a%°%|°Pm8§S‘?%Eﬁ§E%ﬁ“’G‘¥PP‘B’&F?‘O%G"BF%BFP@ marker.
aci d, knEaid ewkaryoliy selenianiel Mastescen bera metepalivyapiastalile naskef BRIFYhusa marker
gr oups of tHat B imichediima nidiaticlia pocess enpdtitaycdf fisectall 6 ganatieis acio @n pyipRsptide
for the Qg Msast hesi s of purines, thymdylate and certain am no acids
in eukaryotic, in partl cuI ar mam"ral ian, cells. THF cofactors are
particularly crucial for i cati on and hence cell ul ar

prol i f er RERRSRAMOREH 15 ﬁfﬁfc%ﬁ'wab'ermaf%%f #etlbrrd/erihe seerndaseleraRi magter (sm )
one- car boan bei ars amplifiayersatactaple immarkerc dvinawpifbleeselbdhble patkenafiows the
i NVobyi Ngeléion28T iRWR &Hn@HHing o8t 8elRf afili bidh@Resgené Rimpiifddtioh & Exafiple® of

aci ds as isl

oty ot (e e @ el scH e FRhAROpERTb BN EHEG CRiEHsR TR and G,
10-fornyl - THF (10- CHOTHF) contribute one-carbon units in tw key d
nova f or i) fiFdssiesiobieemaege ($70 s andiobthpetpcrid shlgctgblenmadken (B9 )”htcﬁééiesa
of puri nestaiylic polybeptided oreaarphspotker golypeptidiez dthnfyosutablel sedpettive seléadable

Pref @5 1 eghaperdBlist th akh 88 ustlinfcahh&fonaii the predéntMiehidm and will be explained

tetrahyd[ ({e?%lfb%h &eid, S-fornyl-tetrahydrofolic,
10-forny ydrofollc acid and 5,10- nethyl ene-tetrahydrofolic

acid. In contrast to nost prokaryotes, plants and fungi which
synt hesi Aecardiag to earenindimeny, thmm@e@ﬁtﬁb@tm@ke@(@mw@@ catalyfie pplgpeptide
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{a) a substrate which is a compound that is incorporated by the first selectable
marker (sm !) into the host cell or a subsequent product obtained from said
incorporated compound and/or



c) The third transport route involves folate receptors (ERs). FRs are
hi gh-affinity fol atebinding gl ycoproteins encoded by three distinct
genes FR al pha, FR beta and FR gamma. FR al pha is al so known as Adul t
Fol at e Bi mgd pgosymicei n or FDP, as Fol ate Receptorl or »ETEER/(G1224

m ce fol bpl), and as Ovarian cancer-AsHBci ated Antigen or MOv 18. FR
beta is also known as FOLR2 (fetal) and as FBP/ PL-1(pl acenta). FR
gamma i s al so known as FOLR3 and as FR-G (reviewed by M D. Sal azar
and M Rat nantp) Gaubstratd/kihicht asa préemsor 200Michoié Dptaingsl aythe Stiyity of ilee first
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fol agg t LARPAGY éﬁﬁrr@@éryrﬁt% r irdenransd g ticemanky s 1§ irRofporitdd Qmidient amalitts
recent of o 188 MrBalla fud HeHds ! sﬂ‘se%%u%e.ﬂ? fbHEFP& bg@ﬁéo A lsWlierecOhhat o
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dependency/increase in the selection pressure.

The activity of the selectable markers (sm 1) or (sm Il) influences the activity of the other
selectable marker and both target the same or a concerned metabolic process or pathway,



receptor of the host cell. If it is heterologous, it will be derived
from anot her species than the host cell, and may thus be different
froman endogenous fol ate receptor of the host cell. Typically, the

i nt r oducedvd ediaper24r ansporter, preferably receptor uti lPCzEd2E8/001224

sel ection marker will be heterol ogous-itle the host cell. For exanple a
human- deri ved fol ate receptor may be 5used as sel ection marker for a
rodent host cell, e.g. a CHO cell. According to one enbodi nent, the
fol ate regepuarotide synthesie (o delale metabelisme Whitnaccpelingly funsiens were elfgciive
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Nt er M Nbid tBmpodiR ifloNHS host3@l. The second selectable marker (sm Il) used in combination
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or dess t 0 pRASGRETRIEDRGN Qe UNlis, THRr scte®iu® caltite IFREENIANRaR BRI T EpRvALE of,
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can be used mhlch woul d be readily available for a person skilled in
t he art. TRerefwe rtad cdDviakitiyé emintainédiinsrensxbieciasewthd dodh eel aswrebxpressdscthe

sol ubhe FRk sbigcthlIe FRIrREr (SRANTBRd PLSTiRpSrR suffdidt BraBRs P k4Rl BBl Rito the
cell in order to keep up the concerned metabolic pathway, even if the concentration of said
compound in the culture medium is very low. If the expression and accordingly the activity of
the transporter polypeptide (sm I) is increased, the availability of the substrate for the second
selectable marker {(sm 1) is increased. When the second selectable marker (sm Il} is a
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35 conpatible with the host cell utilised. E.g. a nutant nouse DHFR
with a major resistance to MIX has been extensively used as a
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In general, the folate transporter, particularly the folate receptor introduced into the
eukaryotic host cell and utilized as selection marker can be homologous or heterologous to
an endogenous folate receptor of the host cell. If it is homologous it will be derived from the
same species as the host cell, and may, for example, be identical to an endogenous folate



WO 2010/ 097240PCT/ EP2010/ 001224 -21- at which transcription is
initiated. Enhancers potentiate pronoter activity, tenporally as well
as spatially. Many pronoters are transcriptionally active in a w de
range of owbboibypes. . Pronoters can be divided in twpctapsesooithose
that function constitutively and thoselX%hat are regul ated by

i nduction or derepression. Both are suitable in conjunction with the
teachings of 5 the present invention. Pronoters used for high-Ievel
pr oduct i renemér qiting kost seli. f itigrhetdrolagouset Wyl ehdrrlvdd fremsanothey saeeles than the
pr ef er abhgst aell,iarg iy husi ke differge frofn eekhddgepess folite oakpao g tthé tibstvasl.
pr onot erﬂgﬁhﬁ h?ﬂﬁdtr’é uEHPIoRRS trafsdofte B MeRBly! reldGSutliféd 46 SelBkondhSiker

not limted to e adenayvl r us r late, promoter, .the, human
cyt omegaVBPeRerP R Gt eé’ﬁf’@l O PRSP MUPRD SUHTH oTRI ppgtor may be
Sar coima WEed @S splestian aarkeninra refenhhest 6ol 8.9 RGN} ycer at e ki nase

pronoter, EFla. Good results are achieved with the expression vector

of the pPA&RRditg tUENEHDBAIMIAN the SolBleO@BéREr i8N fudictiea Asdranssb&indfelate

obtai ned fram lda&%g{or D pe e (i BRAT b loPsh o Rt RS pfER cddGble of
i %'g _

re
sel ect ed Fr,omt e.gro conﬁ a

. . ) stin an S ronpter,

or ont or UnidiFeciienah of afBials,op Aeiive thereoh i SuraiRie del. The
mur i He rosabibe bound ioiate taceptar pTER dejivedrfio@rany saeciecasisouiingd abayeer .

A preferred enbodi nent relates to an expression vector according to

the presemd rinBidRBl nBMoraM3Bhe 1688 Bl aUEke Akiffg RReRbldHafkeP(RHYCEan

of interest, t ol ynucl eoti de .encodi a fi e I L

(sml) a?l%ﬁ%?ct?ﬁé'%ﬂo%ﬁrﬁfg‘fpe8?'?‘%%'”%noggcffq%be ﬁecgétééﬁ%ﬁé'eggogggﬁfg%@%éar' @
(sm 20 |iolatereseptagminge adeiater Grerier bAving eictomaraing dhe prinonagl septears of
| n gEmer 2EQ. . prOorpe er 3 @ap lvickorH vaniantaofithefocegwirgs Braferablynit jsaar huncan falic
transcri pb®os aifa drierupgmABlaghniRérgplICl eotides in a host cell, in
particul ar a eukaryotic host cell wll be suitable. The distinct
transcriptjon pronoters drivin he expression fromthe . X .
pol ynucl AdtndieBal vatagt Spmerses 2 dtsrwadwfoéraeﬁcz'ﬁe230%3“%}*«&0&%%65“%*8@3* n a
enbodi nephysiolpgicel magest. pe- ekl dfelpteruntakediyctbe Nost eplldwhicBris dr Partigigar a
t he BXpredanelic aifd preteraidl wmechmelidandesecsip dndcpritiitestes todive tell viabilite viestte
than for cgd tdlafeimtiBolR¥ P FesSipibiofa Jdnaniteiy BURb Mhth Acepttf Artyt@nipRse one

first sele bl rke . / I : r
e SRR 0 S b AT e b
| nt er est ARANATEY A'tR: COEAERASIER SYnsA AP VARENt Ara dYSion MRS ORISR
product i mspedtive fedatpresgntor. of 30 interest is donminant over the

prodepsti on of the sel ectable markers, since the individual cell

capaci tyEFe?érB@&,otﬂH%iB REESHPIOS PRl BAKE fezeptdr Bipha UQ'HumaheE@iaf’J‘FEceptor.

shoul d t hus ocused to e uct of nterest. t her .
7ot et 6 LBt ot rebr. WAL e SURRban ol ASEBF ond g
an expr e8s¢RPrsEL the foflewingnarpino fasishsesypraeaisEY, 1Br YBud e d-'etice cpim dliewn in
of i nt er digdctiofrors N-fermings &dGdertaigspus to focus the resources of the
cellgpto the expression/production of 35 the product of interest.

gglrte QSQWA%R@%U%W%A LNOE mrlfw@@@m EQCRPW
i nt er est %ﬁ'g?ﬁ’ Shl %1, \)§ V¥ 9?@% @gg{h 8@@5&8&% g-Pg\qgQV
embodi meBRSWRERYIINRLGKERCERRYVERERER T CKENWINKIWNIT SFHRNKRAYGMCAR
40 encodFHBYFREP PILAENEIWTHS YKUSNEER G $GREI G FDPATE N NEEMARFIEAAAMS GAG

prongs er pdfAAPeL LIShALOX PSS on of the pol ynucl eotide encoding the
sel ectable marker (sm1) and/or (smll) is a Sv40 pronoter. The CW

pronoter is known to be gne of the st Eonge%grom%egs vai | abl e far.

mammal | aANERERISETER eahadimestEelates ip 3 %'% ES5PIRE DRIBIAVIET cPMPliRing

consi der the follpwirigvamis gnidfseauance(ShQr & s tatier cedeamhewreinglizgotion from N-

pr onot er termW0s FAEMRAMRAOPCT/ EP2010/ 001224 -22- According to a

furt hgr enbodi ment, the pol ynucl eoti de encoding the product of
MVWKWMPLLLLLYVCVATMCSAQDRTDLLNVCMDAKHHKTKPGPEDKLHDQCSPWKKNAC
CTASTSQELHKDTSRLYNFNWDHCGKMEPACKRHFIQDTCLYECSPNLGPWIQQVNQTWR
KERFLDVPLCKEDCQRWWEDCHTSHTCKSNWHRGWDWTSGVNKCPAGALCRTFESYFP




20beneficial effects on gene expression. Preferably, the host cell
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THF coenzyme which functions as a crucial cofactor for the enzyme thymidylate synthase
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40  According to one embodiment, an intron or a fragment thereof is placed at the 3’ end of the
open reading frame of the DHFR gene. This has advantageous effects on the
expressionfamplification rate of the construct. The intron used in the DHFR expression
cassette is leading to a smaller, non functional variant of the DHFR gene (Grillari et al., 2001,
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be performed. According to one embodiment, the linearization site is arranged such, that
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(d) about 100nM - 1nM preferably about 100nM - 2,5nM or about 100nM
-5 or 10nM 15(e) about 75nM - 1nM preferably about 75nM - 2,5nM or
about 75nM -5 or 10nM (f) about 50nM - 1nM preferably about 50nM -
2,5nM or aboubioh®nM -5 or 10nM (g) about 50nM - 12. 5SnivcTarehi16/001224
about 25nM - 2.5nM or about 25nM - 5nM4-20Preferred concentrations of
antifolate and in particular MIX are selected from (a) about
500nM - 5nM (b) about 350nM - 5nM (c) about 200nM - 5nM
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25  Also provided is a host cell comprising at least

(a) an introduced polynucleotide encoding a product of interest;

{b) an introduced polynuclectide encoding a first selectable marker (sm 1),

(c) an introduced polynucleotide encoding a second selectable marker (sm Il), which
30 differs from the first selectable marker (sm I);

wherein the activity of the selectable marker (sm I} or (sm ) is at least partially influenced by
the activity of the other selectable marker.

35 According to one embodiment, the host cell comprises an expression vector or combination
of at least two expression vectors as described in detail above and in the claims. We refer to
the above disclosure.

Furthermore, the host cell may have at least one of the following characteristics:

40
The host cell is preferably a eukaryotic host cell. Said eukaryotic cell is, preferably, selected
from the group consisting of a mammalian cell, an insect cell, a plant cell and a fungi cell.
Fungi cells and plant cells can be prototrophic for folates (i.e. such cells can autonomously
synthesize their own folates necessary for their cellular viability, i.e. cellular growth and
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secopg selectable marker (smll) is a catalytic polypeptide

processi Rgc[o?diﬁ%g?%@&%b%hﬁht, ke &AILREViaiid Ur R AHNOatePoftHD SR cel
product %ay %Egendentré)nnt]hg uptake of a compound (such as e.g. folate) that is incorporated by the
first selectable marker (sm ) into the host cell. As is outlined above, the first selectable
marker (sm {) may encode a transporter polypeptide capable of importing a compound into
35 said host. According to one embodiment described in detail above, the first selectable marker
{sm |) imports at least one folate into the host cell and preferably, is a folate receptor as is
described above. This embodiment works particularly well when using DHFR as second
selectable marker (sm II). According to a preferred embodiment, the first selectable marker
(sm 1) is a folic acid receptor and the second selectable marker is a DHFR variant that is less
40  sensitive to MTX than the wildtype DHFR enzyme. A respective marker combination is
particularly preferred in combination with DHFR * (plus) cells. In this case, preferably a DHFR
enzyme is used as selectable marker (sm II) which is less sensitive to MTX than the
endogenous DHFR enzyme expressed by DHFR ~ (plus) host cell. Details are described

above and below.
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Accordingly, a further preferred embodiment relates to a host cell of the present invention,
comprising at least one endogenous unidirectional functional folate transport system,
wherein such endogenous unidirectional functional folate fransport system preferably
comprises at least one endogenous functional membrane-bound folate receptor. In a
30 preferred embodiment thereof, the endogenous functional membrane-bound folate receptor
is selected from the group consisting of the folate receptor alpha and the folate receptor beta.

Further suitable combinations are the choice of a folate receptor as first selectable marker
(sm 1) combined with a mutant DHFR as second selectable marker (sm |l) which is less

35 susceptible to a DHFR inhibitor such as MTX than the DHFR enzyme endogenously
expressed in a DHFR * (plus) host cell. Said host cell may also be RFC” (plus) as is outlined
above.

Also provided is a method for producing a host cell as described above, comprising the step
40  of introducing into said host cell at least

(a) a polynucleotide encoding a product of interest;
(b) a polynucleotide encoding a first selectable marker (sm I);
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netabolic selectable mar ker alone 251 1. Materials and Met hods
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Recombination based gene insertion allows to minimize the number of elements to be

20 included in the heterologous nucleic acid that is transferred/introduced to the host cell. For
example, an insertion locus might be used that already provides promoter and poly-A site
(exogenous or endogenous) such that only the remaining elements (e.g. the polynucleotide

encoding the product of interest, the polynucleotide encoding a first selectable marker (sm )

and/or the polynucleotide encoding a second selectable marker (sm 1)) needs to be

25 ftransferredftransfected to the host cell. Embodiments of a suitable expression vector or
combination of expression vectors according to the present invention as well as suitable host

cells are described in detail above; we refer to the above disclosure.

Polynucleotides encoding suitable selectable markers (sm 1} and (sm 1) as well as

30 combinations thereof are described in detail above; we refer to the above disclosure.
According to one embodiment, an expression vector or a combination of expression vectors
according to the present invention is introduced into the host cell. The expression vector and
a combination of expression vectors is described in detail above and in the claims.

35  Also provided is a method for selecting at least one host cell capable of expressing a product
of interest, comprising

(a) providing a plurality of host cells, comprising at least

40 (i) an introduced polynucleotide encoding a product of interest;
(i) an introduced polynuclectide encoding a first selectable marker (sm |);
(i} an introduced polynucleotide encoding a second selectable marker (sm II}; which
differs form the first selectable marker (sm 1I);
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RK-Intron RK-Intron Pol ynucl eoti de encodi ng the anti body heavy chain
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influenced by the activity of the other selectable marker;

{b) cuituring said plurality of host cells under conditions selective for the selectable
markers (sm 1) and (sm 1l), thereby obtaining a host cell expressing the product of
interest.

The term “selecting” or “selection” as used herein, in particular refers to a process of using a
selectable marker and selective culturing conditions to select and accordingly obtain host
cells that have incorporated the vector or vector combination according to the present
invention. Thereby, successfully transfected host cells can be isolated and/or enriched from
the population of transfected host cells.

Host cells that have not successfully incorporated the vector or vector combination according
to the present invention preferably die or are impaired in growth under the selective culture
conditions compared to host cells that have successfully incorporated the vector or vector
combination according to the present invention. During selection, host cells which have
successfully incorporated the vector or vector combination according to the present invention
can be enriched as pool from the population of transfected host cells. Also individual host
cells can be isolated from the population of transfected host cells during selection (e.g. by
clonal selection). Suitable embodiments of selection procedures in order to obtain
successfully transfected host cells (e.g. by FACS sorting or limited dilution) are well known in
the prior art and accordingly, need no detailed description.

Suitable host cells and specific embodiments in particular regarding the choice of the
selection markers (sm ) and (sm 1) and combinations thereof are described in detail above.
We refer to the above disclosure.

Depending on the used host cells and accordingly the chosen selection markers (sm [) and
(sm 1), the growth conditions are adapted in order to exert a selection pressure on the host
cell. E.g. the selective culture medium may comprise suitable inhibitors for the catalytic
polypeptides chosen as selectable markers (sm |} andfor (sm Il). E.g. antifolates such as
MTX can be used in order to inhibit the activity of DHFR when DHFR is used as selectable
marker (sm II). Depending on the used concentration of said inhibitor in the culture medium
(which may also be increased gradually), the stringency of the selection conditions is
increased. Furthermore, in order to keep up the selection pressure, the culture medium
should not comprise sufficient amounts of metabolites that allow to bypass the activity of the
selection markers (sm |} and/or (sm |l). E.g. if DHFR is used as selectable marker (sm Il} it is
advantageous that the selective culture medium does not comprise relevant nucleotides. In
general metabolites interfering with said selection strategy shall be controlled, e.g. avoided.

Furthermore, in case the first selectable marker (sm 1} is a transporter polypeptide, the
selective culture medium should comprise a limiting concentration of said compounds
essential for cell growth that are imported by the first selectable marker (sm 1), e.g. folates in
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flask 12
.g. in case the ne%mycm p%sgh rans era{s\éage%e (Jngo) is used as additional

selectable marker, the cells can be grown first in a medium e.g. containing G418 in order to
20 select celis that have incorporated the expression vector or the combination of at least two

expression vectors according to the present invention. This first medium can also already be

selective for at least one of the selectable markers (sm 1) or (sm ll). Afterwards, the selective

conditions for the selectable marker (sm 1) andfor (sm [I) are applied. This procedure is

particularly useful in case one of the selectable markers (sm 1) and/or {(sm I} is an amplifiable
25  selectable marker.

As is outlined above, preferably, (sm 1) is a folate transporter, in particular a folate receptor,
and accordingly, one embodiment of the present invention is based on the limited availability
of a folate in the cell culture medium. The system will be widely applicable, and in particular

30 to a eukaryotic cell which cellular viability depends upon the uptake of a folate. This
embodiment can be used for the accelerated selection, screening and establishment of host
cells, in particular eukaryotic, for example mammalian, cell clones that preferably stably
overexpress high levels of recombinant products. Even more, and in contrast to other known
selection systems, there is no essential need (although this is sometimes feasible) for

35 modified cells, provided e.g. by mutating or knocking out endogenous gene(s). Since e.g. FR
alpha displays a higher affinity for FA (Kp=0.1 nM) than, for example, RFC for leucovorin (Kt
= 1 uM), and transports folic acid into cells via a unidirectional pathway the present invention
provides for the use of FR alpha and other folate receptors as a markedly improved dominant
metabolic selectable marker, in particular, via gradual folate (e.g. folic acid) deprivation from

40 the growth medium. This folate-based selection is an excellent strategy that is well-suited for
the accelerated, stable and high level over-expression of target proteins in cultured
mammalian cells.
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20
The method may additionally comprise a step of

{c) selecting at least one host cell which expresses the product of interest with the
desired yield.

25
Cells obtained as a result of the stringent screening/selection procedure of the present
invention will generally be isolated and may be enriched from non- selected cells of the
original cell population. They can be isolated and cultured as individual cells. It is, however,
also possible to use an enriched popuiation. The obtained host cells can also be used in one

30  or more additional rounds of selection, optionally for additional qualitative or quantitative
analysis, or can be used e. g. in development of a cell line for protein production. According
to one embodiment, an enriched population of producing host cells selected as described
above is directly used as population for the production of the polypeptide of interest with a
good yield.

35
Preferably, a host cell is selected which stably expresses the product of interest. The
advantages of a stable transfection/expression are described in detail above. We refer to the
above disclosure.

40 In a most preferred embodiment of the method for selection, the plurality of host cells
comprise host cells according to the present invention, i.e. as disclosed herein. We refer to
the above detailed disclosure in particular on suitable selectable markers (sm 1) and (sm I}
and combinations thereof.
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The selective culture medium that is used in at least one selection step may comprise one or
more types of folate. The folate comprised in the selective culture medium in a limiting
30  concentration is capable of being taken up into and being processed by the host cell. Folates
and in particular derivatives of folate which would not be processed by the host cell would not
contribute to the selection pressure and accordingly would not contribute to the limiting
concentration. The selective culture medium may have one or more of the following features:

35 (a) it comprises a limiting concentration of folate, preferably in a concentration of about
500nM or less, about 250nM or less, about 150nM or less, about 100nM or less,
about 75nM or less, about 50nM or less, about 25nM or less, about 15nM or less,
about 10nM or less, about 5nM or less or up to about 2,5nM and wherein said folate
is preferably folic acid; and/or

40 {b) it comprises folic acid in & concentration of about 500nM or less, about 250nM or
less, about 150nM or less, about 100nM or less, about 75nM or less and preferably
about 50nM or less; andfor

(¢) it comprises a DHFR inhibitor; and/or
(d) it comprises an antifolate; and/or
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Furthermore, it was also found that the used folate and antifolate concentrations can

35 influence each other. Thus, besides the absolute concentration of folates and antifolates,
also the ratio can be a factor for providing suitable selection conditions. The concentration of
antifolates (preferably MTX), can be up to about 20-fold of the folate (preferably folic acid)
concentration. The antifolate (preferably MTX) concentration may be about 10-fold of the
folate (preferably folic acid) concentration. Preferably, the selective culture medium

40  comprises a folate and an antifolate in a concentration ratio of 1: 10 to 10: 1, preferably in a
concentration ratio of 1: 5 to 5:1. Very good results are obtained if approximately equimolar
concentrations of folate and antifolate are used. As is shown by the examples, these ratios
provide very suitable selective culture conditions to obtain high producing host cells. The
selective culture medium described above also constitutes an individual element of the
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present invention as the present invention also provides a respective selective culture media
suitable for selecting host cells according to the method of the present invention.

The concentrations described above are particularly suitable for fast growing suspension
cells, which is a preferred phenotype for commercial production cell lines. However, different
cell lines may have different folic acid consumption properties. Furthermore, the limiting
concentrations may vary depending on the used folate, respectively antifolate. Therefore, the
limiting concentrations of folate, in particular folic acid and antifolate, in particular MTX as
well as the suitable folic acid to MTX ratios may differ depending on the chosen host cells
and folate, respectively antifolate. Suitable concentrations, however, can easily be
determined experimentally by the skilled person.

According to one embodiment, the host cells are pre-cultured in a folate free cuiture medium
or in a culiure medium comprising a limiting concentration of folate prior to transfection
and/or selection. Suitable limiting concentrations of folate are described above. Preferably,
said culture medium for pre-culturing the host cells comprises folate, in particular folic acid in
a concentration of 50 nM or less.

As is outlined above, the selection method according to the present invention can be
combined with flow cytometry based selection methods known in the prior art. Thus,
according to one embodiment, a selection step involving flow cytometry is performed after
the host cells were selected according to the method of the present invention in order to
select host cells which express the product of interest with a high yield. For this purpose,
preferably at least a portion of the product of interest is expressed as a membrane anchored
fusion polypeptide that is displayed on the celi surface of the host cell. Based on the amount
of displayed fusion polypeptide, host cells can be selected using flow cytometry, preferably
using FACS, which express the product of interest with high yield.

According to a preferred embodiment, the polynuclectide of interest is thus expressed from
a) an expression cassette which comprises at least

aa) the polynuclectide encoding the product of interest,

bb)  at least one stop codon downstream of the polynucleotide encoding the
product of interest, and

cc) a polynucieotide downstream of the stop codon encoding a membrane
anchor and/or a signal for a membrane anchor;

or

b) an expression cassette which comprises at least

aa) the polynucleotide encoding the product of interest,
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NM MI'X 2petald Miardifg ihéd MEigh AP tRddeMExpreddibnnBAssettes were discussed above. It is

referred to the respective disclosure. For selection, the host cells are cultivated to allow the
expression of the product of interest such that at least a portion of the product of interest is

10 expressed as a fusion polypeptide comprising the membrane anchor, wherein said fusion
polypeptide is being displayed on the surface of said host cell and wherein at least one host
cell is selected based upon the amount of the fusion polypeptide displayed on the cell
surface. As is discussed above, the host cells are preferably selected using flow cytometry,
in particular FACS. As is shown in the examples, the combination of the selection method

15  according to the present invention with a respective flow cytometry based selection approach
is very advantageous and host celis are identified that have very good expression rates.

According to one embodiment, the present invention also provides a selective culiure
medium comprising folate in a limiting concentration and an antifolate. As is outlined above,
20  the folate comprised in the selective culture medium in a limiting concentration is capable of
being taken up into and being processed by the host cell. Folates and in particular
derivatives of folate which would not be processed by the host cell would not contribute to
the selection pressure and accordingly would not contribute to the limiting concentration.
Said selective culture medium preferably has one or more of the characteristics described
25 above for the selective culture medium used in conjunction with the described selection
metheod of the present invention, in particular with respect to the concentration of the folate
and antifolate comprised in the medium and preferred embodiments. Alsc the advantages
were outlined in detail above. It is referred to the above disclosure which also applies here.
Said selective culture medium can be used in conjunction with the selection system of the
30 present invention.

Also provided is a process for producing a product of interest, comprising the step of

culturing a host cell according to the present invention and/or a host cell selected according

to the teachings of the present invention under conditions that allow for the expression of the
35  product of interest.

Using the host cells according to the present invention for producing a product of interest, in
particular a polypeptide has the advantage that the product of interest can be produced with
a very high yield. This particutarly, when performing the selection method according to the

40 present invention for selecting appropriate host cells for expression. Thus, the present
invention provides an improved method for producing a polypeptide of interest. Suitable host
cells are described above; we refer to the above disclosure.
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The expressed product 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. Alsoc combinations of the respective methods are possible. Thereby,
products, in particular polypeptides can be produced and obtained/isolated efficiently with
high yield. The obtained product may also be subject to further processing steps such as e.g.
purification andfor modification steps in order to produce the product of interest in the desired
quality. According to one embodiment, said host cells are cultured under serum-free
conditions.

The method for producing the product of interest may comprise at least one of the following
steps:

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

The product of interest, for example a polypeptide, produced in accordance with the
invention may be recovered, further purified, isolated andfor 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 size exclusion), electrophoretic procedures (e.g., preparative
isoelectric focusing), differential solubility (e.g. ammonium sulfate precipitation) or extraction.

The product of interest can be any biological product capable of being produced by
transcription, translation or any other event of expression of the genetic information encoded
by said polynuclectide. In this respect, the product will be an expression product. The
product of interest may be selected from the group consisting of polypeptides and nucleic
acids, in particular RNA. The product can be a pharmaceutically or therapeutically active
compound, or a research tool to be utilized in assays and the like. In a particularly preferred
embodiment, the product is a polypeptide, preferably a pharmaceutically or therapeutically
active polypeptide, or a research tool to be utilized in diagnostic or other assays and the like.
A polypeptide is accordingly not limited to any particular protein or group of proteins, but may
on the contrary be any protein, of any size, function or origin, which one desires to select
and/or express by the methods described herein. Accordingly, 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
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10  defined above and in the claims. Said product is preferably a polypeptide, in particular an
immunoglobulin molecule or a functional fragment thereof.

A further aspect of the present invention pertains to the use of a first selectable marker (sm [)
in combination with a second selectable marker (sm 1) which differs from the first selectable

15  marker (sm ), wherein the activity of the selectable marker (sm I} or (sm ll) are at least
partially influenced by the activity of the other selectable marker, for selecting a host cell
being capable of expressing a product of interest.

The first selectable marker (sm |) and/or the second selectable marker (sm 1l) may have at
20  least one of the following characteristics:

(a) the first selectable marker (sm |) and/or the second selectable marker (sm II)
are involved in a metabolic process or pathway selected from
(aa) nucleic acid synthesis and/or polypeptide synthesis;
25 (ab) nuclectide synthesis and/or amino acid synthesis; and
{ac) the folate metabolism; and/or

(b) the first selectable marker (sm |} and/or the second selectable marker (sm |l) is
a catalytic polypeptide or a transporter polypeptide; and/or
30

(c) the second selectable marker (sm ) is a catalytic polypeptide processing

(ca) a substrate which is a compound that is imported by the first selectable
marker (sm 1) into a host cell or a subsequent product obtained from said
35 incorporated compound and/or
(ch) a substrate which, or a precursor of which, is produced by the activity of the
first selectable marker (sm I); and/or

(d) the first selectable marker (sm |) operates upstream of the second selectable
40 marker {(sm Il}; and/or

(e) the first selectable marker (sm I) is or comprises a transporter polypeptide
importing a compound involved in andfor essential for cell viability andfor
proliferation inte a host cell; and/for
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(h) the second selectable marker (sm 1) is a catalytic polypeptide processing a
substrate which is either a folate and/or a subsequent product obtained from a
10 folate; and/or

(i) the first selectable marker (sm !) is a functional membrane-bound folate
receptor which is or comprises a folate receptor having one or more of the
following characteristics

15
(ia) the folate receptor is selected from the group consisting of a folate
receptor alpha, a folate receptor beta, a folate receptor gamma and
functional variants of the foregoing, and/or
(ib) the folate receptor is a human folate receptor or a functional variant
20 thereof, andfor
(ic) the folate receptor is a human folate receptor alpha or a functional
variant thereof, andfor
(id) the folate receptor is a folate receptor having or comprising the amino
acid sequence of SEQ. ID. NO. 1, 2 or 3 or a functional variant of the
25 foregoing; and/for

(i) the selectable marker(s) (sm [) andfor (sm ) is or comprises a catalytic
polypeptide involved in nucleic acid synthesis and/or the folate metabolism,
preferably DHFR or a functional variant or fragment thereof; and/or

30

(k) the first selectable marker (sm |) is or comprises a transporter polypeptide
incorporating a compound involved in and/or essential for nucleic acid synthesis
into a host cell and the second selectable marker (sm Il) is a catalytic
polypeptide involved in nucleic acid synthesis; and/or

35

() the first selectable marker (sm [) and/or the second selectable marker (sm I} is

a eukaryotic selectable marker; andfor

(m) the first selectable marker (sm 1) and/or the second selectable marker (sm Il}) is
40 an amplifiable selectable marker,

Details, combinations and advantages of these embodiments are described above. We refer
to the above disclosure. Particularly preferred is a combination of a folate transporter such as
a folate receptor with DHFR or a functional variant or derivative thereof.
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The full contents of the texts and documents as mentioned herein are incorporated herein by
reference and thus form part of the present disclosure.

The following examples serve to illustrate the present invention without in any way limiting
the scope thereof. In particular, the examples relate to preferred embodiments of the present
invention.

EXAMPLES

In general, the suitable materials, such as reagents, are familiar to the skilled person,
commercially available and can be used in accordance with the manufacturer’s instructions.
The examples are performed according to the described instructions.

1. Example 1 — Selection

A co-transfection experiment in CHO cells is done using vectors having identical expression
cassettes for the same protein of interest (monoclonal antibody) but different combinations of
selectable markers. This experiment demonstrates that a combined selection of MTX and
limiting folic acid concentrations in the cell culture medium allows the generation of cell
populations highly overexpressing the product of interest, here an immunoglobulin melecule,
and that the productivity of these populations is higher compared to strategies using DHFR
or folic receptor alpha (FoIR) as metabolic selectable marker alone.

1.1. Materials and Methods
1.1.1. Vector construction:

VECTOR 1 contains a DHFR (mutant for dhfr + {plus) cell lines} expression cassette. Said
plasmid vector (VECTOR 1), suitable for expression in eukaryotic cells, in particular CHO
cells, harbours:

(i) an expression cassette which comprises a polynucleotide encoding the heavy and
an expression cassette encoding the light chain of a secreted recombinant human
antibody of IgG1 type. Expression of the recombinant antibody is under control of
a CMV promoter and a standard (SV40) polyadenylation signal;

(i) a distinct expression cassette which comprises a polynucleotide encoding DHFR
(a mutated form having a lower sensitivity for MTX) as selectable marker gene
(sm 1l). Expression of the DHFR is under control of a SV40 promoter and a
standard (SV40) polyadenylation signal.

The plasmid vector (VECTOR I1I) comprises a human folic acid receptor alpha as first
selectable marker (sm |) instead of DHFR. Thus, both vectors contain a G418 resistance
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gene (neo) but different additional markers, namely DHFR or the human folic receptor alpha.
VECTOR | and VECTOR Il comprise the following major elements:

Elements of VECTOR | Elements of VECTOR Hl

CMV promoter/enhancer CMV promoter/enhancer

RK-intron RK-Intron

Polynucleotide encoding the antibody light | Polynucleotide encoding the antibody light
chain chain

Sv40 Poly A site SV40 Poly A site

CMV promoter/enhancer CMV promoter/enhancer

RK-Intron RK-Infron

Polynucleotide encoding the antibody heavy | Polynucleotide encoding the antibody
chain heavy chain

SV40 Poly A site SV40 Poly A site

SV40 enhancer/promoter SV40 enhancer/promoter

Neomycin resistance gene Neomycin resistance gene

Synthetic Poly A site Synthetic Poly A site

An ampicillin resistance gene An ampicillin resistance gene

SV40 promoter SV40 promoter

Polynucleotide encoding DHFR (mutant) huFolR

SV40 intron fragment

SV40 Poly A site SV40 Poly A site
1.1.2. Transfection and selection of CHO-cells:

Cell cultivation, transfection and screening are carried out in shake flasks using suspension
growing CHO cells in a conventional culture medium. In order to reduce intracellular folic acid
reservoirs in the host cells and to prevent co-transfer of folic acid from the pre-cuiture
medium to the selection medium, cells are passaged to folic acid free medium or medium
with reduced folic acid content (e.g. 50 nM) prior o the transfection and selection.

Cells are co-transfected with VECTOR | and VECTOR Il by electroporation. Depending on
the cell viability, a first selection step is started 24-48 h after transfection by adding G418 and
10 nM folic acid containing selective medium to the cells. As soon as cells recovered to a
viability of above 80%, a second selection step is applied by passaging the cells to G418 free
medium containing 100 nM MTX and 10 nM folic acid. The folic acid concentration can be
increased to 20 nM and subsequently to 100nM if the cells do not recover under the more
stringent conditions. Those pools where still no growth but increasing viabilities can be seen
cells are transferred to culture medium containing 11.3 yuM folic acid and no MTX. After this
transfer, co-transfected cell populations that start to grow are expanded for further analysis.

1.1.3. Determination of pool productivity:
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1.2. Results

To demonstrate the efficacy of a selection strategy using DHFR and FolR as selectable
markers, a co-transfection of the vectors encoding DHFR (VECTOR 1) and FolR (VECTOR 1I)

15 and an identicai monoclonal antibody is done. Both vectors also contain a G418 resistance
gene (see above).

1.2.1. First Selection step:

20  First, transfected cell populations are selected by adding G418 and reducing the folic acid
concentration to 10 nM. This initial pre-selection step helps to kill untransfected cells and in
parallel forces the cells to consume their intracellular folic acid reservoirs before the more
stringent selection conditions are applied in the second selection step. Under these first
selection conditions all transfected cell populations usually recover and the productivity is

25 assessed as described in materials and methods. Transfected cells selected in G418 and 10
nM folic acid containing medium are analyzed in shake flask batch cultures. At day 13 of the
culture, samples of the culture medium are taken and analyzed for antibody content by
Protein-A HPLC. Table 1 summarizes the productivity results obtained in a respective

example:
30

Vector VECTOR | (dhfr} and VECTOR Il (FolR)

Pool Nr mg/L
1 53
2 42
3 62
4 66
5 47

Tab. 1: Productivity of cell populations after the first selection step without MTX

All cell populations produce antibody. Cells transfected with the FolR vector (VECTOR 1l) in
combination with DHFR vector (VECTOR ), respond with higher average productivities fo

35 the selection than conventional prior art methods (e.g. DHFR alone). The limited folic acid
content in the cuiture medium promotes growth of cells overexpressing FolR.
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the selected populations for productivity assessment, recovered viable cells can be
transferred to a medium without MTX and with 11.3 uM folic acid. One already partially
10 recovered pool from the double transfection is kept separately and in medium containing 100
nM folic acid, while the other pools of each vector combination are combined to increase the
cell density and thereby the chances of survival. The double transfected cells respond with

fast growth, are further expanded and the productivity is analyzed. Tab. 2 shows the results:

Vector VECTOR | (dhfr) and VECTOR Il {FoIR)
Pool Nr mg/L
1 1110
2-5 524

15  Tab. 2: Productivity of cell populations after second selection step

G418 and 10 nM folic acid selected cell populations are further selected by adding 100 nM
MTX and a stepwise increase of the folic acid concentration. Finally, cells are transferred to
MTX free and 11.3 yM folic acid containing medium and recovered populations are analyzed

20  in shake flask batch cultures. At day 13 of the culture, samples of the culture medium are
taken and analyzed for antibody content by Protein-A HPLC.

The productivity of the double transfected cell populations after this selection process is

surprisingly high. Compared to the first selection step, antibody titers increased by
25 approximately 20-fold in case of pool 1 reaching over 1 g/L and 10-fold in case of the

combined pools 2-5. Also, in comparison to much more intensively optimized selection

procedures using e.g. DHFR alone in combination with G418 as selectable markers, the

productivities found after double selection are much higher with the vector combination

according to the present invention. Previous experiments using a DHFR/G418 combination
30 for the same antibody resulted in considerably lower poal titers.

Thus, the combined selection using DHFR and FolR as selectable markers generates cells
highly overexpressing a protein of interest. This combination is also superior to state of the
art selection systems (e.g. DHFR/G418).

35

2. Example 2: Optimization of selection conditions

2.1. Transfection, selection and clone characterisation

40  2.1.1. Transfection and Selection;
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concentrations are tested in two sequential selection steps. First, in medium containing 0.8
a/L G418, folic acid concentrations of 12.5 nM, 25 nM, 50 nM and 11.3 pM (reference) are
combined with 2.5 nM, 5 nM, or 10 nM MTX or without MTX. Cell populations that recovered
under these conditions in a second selection step are transferred to medium without G418
containing the same folic acid concentration but a 10-fold higher MTX concentration as in the
first selection step. The reference cells are transferred to medium containing 500 nM MTX
according to a DHFR selection standard protocol.

2.1.2. Cloning and clone characterisation

Cloning is performed by limiting dilution with the cells seeded in 96-well plates at a density of
0.5 cells per well. Subsequently, cells are expanded first to 24-well plates and then fo shake
flasks for productivity screening.

The productivity of clones is analyzed in batch and fed batch experiments using different
formats. Initial screening is performed in 24-well plate batch assays by seeding cells into
shaken 24-well plates. Antibody titers in the cell culture supernatant are determined by
quantitative Protein A-HPLC 10 days after starting the culture. The highest producing
clones are subsequently analyzed in shake flask models in batch and fed batch mode.
Batch cultures in culture medium containing 11.3 pM folic acid are seeded into shake
flasks (500 mlL or 250 mi capacity) with 100 mL or 50 mL working volume and are
cultivated in a shaker cabinet (not humidified) at 150 rpm, 36.5 °C and 10% CO.. Viability
of cells is >90% when starting the assay. The seeding cell density is 2x10° ¢/mL. Antibody
titer, cell number and viability can be determined at defined culture time points. Fed batch
experiments are done using the same conditions but with a starting cell density of 4x1 08
¢/mL and with regular addition of feeds starting at viable cell densities above 7x10° ¢/mL.
Clonal stability is evaluated by culturing the cells over a period of up to 19 weeks with
productivity measurements using the shake flask batch model approximately every two
weeks.

2.2. Results:

2.2.1. First selection step

Transfected cells are selected in a first selection step at folic acid concentrations ranging
from 12.5 nM to 50 nM in combination with MTX concentrations from 2.5 nM to 10 nM. As a

reference, also 11.3 uM folic acid (FA) is tested. The productivities obtained after the first
selection step are summarized in table 3.

Selection Marker Folic Acid no MTX 2.5nM SnMMTX| 10nM
MTX MTX
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Cells co-transfected with VETCOR | and VECTOR |l produce surprisingly high amounts of
product (up to 887 mg/L). This is significantly more than the productivity of the cells

transfected with DHFR alone (dhfr alone reference)
2.2,2. Second selection step:

A second selection step is applied to the recovered populations by transferring the cells to
(G418 free medium, keeping the folic acid concentration of the first selection step but
increasing the MTX concentration 10-fold. Productivity is analyzed for cell population that
recovered under these conditions. The results are summarized in table 4.

500 nM
MTX

10 nM
MTX

100 nM
MTX

25 nM
MTX

50 nM
MTX

Folic
Acid

Selection Marker

12.5nM nd

FA

dhfr and FolR 457 869 1170 193

25 "M FA | 624 967 | 842 907 nd

50 nM FA 27 68 1540 1320 nd

dhfr alone 11.3 uM nd nd nd nd 31

reference FA

20

25

30

Tab. 4: Productivity of cells after the second selection step at different combinations
of folic acid and MTX concentrations. All values are my/L.

Surprisingly, it is found that under appropriate selection conditions, cells transfected with
VETCOR | and VECTOR 1l and accordingly a combination according to the present
invention, have a much higher productivity (up to 1.5 g/L) compared to cells transfected with
VECTOR | alone. This shows that the combination of DHFR and FolR as selectable markers
provides a highly increased selection stringency. Thus, the present invention provides a
considerable improvement over the prior art.

2.2.3. Comparison of clonal productivity

Clones are generated by limiting dilution cloning from co-transfected pools after selection.
The highest producing clones identified in 24 well plate screening are further expanded to
shake flasks. Productivity is analysed in an overgrown shake flask batch assay and
compared to the resultsts of the top clones obtained with the individual vectors in previous
experiments.
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Tab. 6. Clonal production stability of top 10 clones from limiting dilution cloning in a
shake flask batch model. All values are mg/L. of antibody at day 13-15 of the culture.

Eight of the ten clones analyzed show high production stability over 19 weeks and all ten
20  clones show sufficient stability over 12 weeks,

3. Example 3 - Selection using a combination vector and FACS sorting

3.1. Vector construction:
25
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+/ - 5 the description, this design of the expression cassette has the effect (due to translational
read through processes) that a portion of the antibodies are produced as fusion proteins
which are anchored to the cell surface of the host cell. VECTOR Il comprises the following
major elements:

Elements of VECTOR Ill

CMV promoter/enhancer

RK-Intron

Polynucleotide encoding the antibody light chain

SV40 Poly A site

CMV promoter/fenhancer

RK-Intron

Polynucleotide encoding the antibody heavy chain

Stop codon {leaky)

Polynucleotide encoding the immunoglobulin
transmembrane anchor including the cytoplasmatic
domain

SV40 Poly A site

SV40 enhancer/promoter

Polynucleotide encoding the huFolR

Synthetic Poly A site
An ampicillin resistance gene
SV40 promoter

Polynucleotide encoding DHFR (mutant)
SV40 intron fragment
8V40 Poly A site

10
This DHFR/FoIR-FACS Vector (VECTOR Ill) is compared to a DHFR-FACS reference vector
that contains the nec gene as second selectable marker (VECTOR V). VECTOR IV
comprises the following major elements:

Elements of VECTOR IV

CMV promoter/fenhancer

RK-Intren

Polynucleotide encoding the antibody light chain
SV40 Poly A site

CMV promoter/fenhancer

RK-Intron

Polynucleotide encoding the antibody heavy chain
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(VECTOR Né@mﬁ%ﬁ%nké bénel 1.12 1.90 2 1.11 1|58 3 1.10
Synthetic Poly A site

An ampicillin resistance gene

SV40 promoter

Polynucleotide encoding DHFR {mutant)
5V40 intron fragment

SVAQ Poly A site

Furthermore, for co-transfection experiments using two expression vectors and FACS
sorting, VECTOR V is created which comprises no DHFR gene but the neo gene and the
huFolR. VECTOR V comprises the following major elements:

Elements of VECTOR V

CMV promoter/enhancer

RK-Intron

Polynucleotide encoding the antibody light chain

SV40 Poly A site

CMV promoter/enhancer

RK-Intron

Polynucleotide encoding the antibody heavy chain

Stop codon (leaky)

Polynuclectide encoding the immunoglobulin
transmembrane anchor including the cytoplasmatic
domain

SV40 Poly A site

SV40 enhancer/promoter

Neomycin resistance gene

Synthetic Poly A site

An ampicillin resistance gene

SV40 promoter

huFolR

SV40 Poly A site

3.2. Selection, cloning and clone characterisation:

Celis transfected with the combination VECTOR il are selected in a medium containing 12.5
10 nM folic acid and & nM MTX. Cells transfected with the reference vector are selected in
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FACS analysis, enrichment and cloning of cells
Labelling of cells: 2x10E7 cells per transfected pool are centrifuged and washed with 5 mL of
chilled PBS and resuspended in 1 mL of cold PBS. A suitable amount of FITC labelled anti-
IgG antibody (supplier) is added to the cells and is incubated on ice for 30 minutes in the
10 dark. Subsequently, celis are washed twice at room temperature with 5 mL PBS,
resuspended in 1 mL PBS, filirated and dispensed into a FACS tube for analysis, sorting and
cloning. The cell sorting is performed with a FACSAria (Becton Dickinson) equipped with an
Automatic Cell Deposition Unit (ACDU) using FACSDiva software. A low powered air-cooled
and solid-state laser (Coherent® Sapphire ™ solide state) tuned to 488 nm is used to excite
15 fluorescein dyes bound to the secondary antibody. The relative FITC fluorescence intensity is
measured on E detector through a 530/30 BP filter. Five percents of the highest FITC
fluorescent cells are gated and sorted either in block or as single cells in 96 well plates.

Clones are generated either by limiting dilution from FACS enriched pools or by FACS
20 cloning from enriched or non-enriched pools.

Determination of antibody production and clonal stability
The productivity of clones is analyzed in batch and fed batch experiments using different
formats. Initial screening is performed in 24-well plate batch assays by seeding cells into
25  shaken 24-well plates. Antibody titers in the cell culture supernatant are determined by
quantitative Protein A-HPLC 10 days after starting the culture. The highest producing
clones are subsequently analyzed in shake flask models in batch and fed batch mode.
Batch cultures in culture medium containing 11.3 pM folic acid are seeded into shake
flasks (500 mL or 250 mL capacity) with 100 mbL or 50 mL working volume and are
30  cultivated in a shaker cabinet (not humidified) at 150 rpm, 36.5 °C and 10% CO,. Viability
of cells should be >90% when starting the assay. The seeding cell density is 2x10° ¢/mL.
Antibody titer, cell number and viability can be determined at defined culture time points.
Fed batch experiments are done using the same conditions but with a starting cell density
of 4x10° c¢/mL and with regular addition of feeds starting at viable cell densities above
35  7x10° c/mL. Clonal stability is evaluated by culturing the cells over a period of up 19 weeks
with productivity measurements using the shake flask batch model approximately every
two weeks.

3.3. Results:

40
Five cell populations, transfected with the DHFR/FolR combination vector (VECTOR |li} and
three cell populations transfected with the reference vector (VECTOR V) are generated and
selected as described above. Productivity of the recovered cell pools in shaker flask batch
cultures is summarized in table 5.



(after thawi ng) Week 19 (after thawing) 14E3 1.06 1.16 1.17 1.17 0.92
1.02 1.08 15D1 1.12 1.09 1.10 1.13 0.84 0.89 0.91 15H7 1.42 1.32 1.36
1.34 1.09 1.15 1.13
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WO 2010/097240 PCT/EP2010/001224
-50-
DHFR/FolR Vector DHFR/Neo Vector
(VECTOR Hif) (VECTOR V)

Pool1 80 19

Pool2 53 9

Pool3 73 10

Pool4 147 Nd

Pools 104 Nd

Tab. 7: Productivity of cells after one selection step, transfected with a DHFR/FolR
combination vector or a DHFR/Neo vector (reference). All values are mg/L.

Use of the DHFR/FoIR combination vector (VECTOR I} leads to surprisingly good
productivities already after only one selection step.

Pools are further processed by applying a FACS enrichment cycle and a second selection
step with 10 fold increased MTX concentrations. Again very high pool productivities are
obtained whereby the combination vector works as good as the co-transfection approach
{see Table 8).

Vector Average pool productivity after FACS enrichment cycle and
2™ selection step (mgl/L)
Co-transfection of 418 (n=1)

VECTOR | and VECTOR
1l

Co-transfection of the 797 +/- 87 (n=2)
FACS vectors VECTOR
IV and VECTOR V
Transfection of the 709 +/- 400 (n=2)

Combination-FACS-
Vector (VECTOR 111}

Tab, 8: Shake flask batch model: FACS enriched pools after 2" selection step (50 nM
MTX). All values are mg/L.

Clones are generated by limiting dilution from a FACS enriched pool and expaned to 24-well
plates for primary screening. The best producers are further expanded to shake flasks.
Praductivity is analyzed in shake flask batch cultures and compared to the results of the top
ciones obtained in previous experiments with the dhfr reference vector by FACS cloning.

The productivity of clones transfected with the combination VECTOR [l in a shake flask
batch model is significantly higher compared to the clones that were transfected with the
reference VECTOR |V, which comprises only the DHFR gene {see Table 9)

vector/cloning

Clone ranking dhfr-FACS dhfrifolR/IFACS




15H9 1.58 1.68 1.69 1.50 1.22 1.35 1.29 17A10 1.26 1.16 1.14 1.07
0.90 1.00 1.00 17E7 1.90 1.79 1.82 1.76 1.56 1.78 1.76 1703 1.16 1.13

1.14 1.14
WO 2016/097240 1 PCT/EP2010/001224
(VECTOR IV) (VECTORIIl)
1 1.12 1.90
2 1.1 1.58
3 1.10 1.42
4 1.10 1.39
) 1.10 1.26
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15

20

25

Tab. 9: Shake flask batch model: Top 5 clones of reference dhfr vector (VECTOR 1V)
and combination vector (VECTOR Ili). All values are g/L.

Clones transfected with VECTOR |l are further analyzed for clonal production stability by
thawing cryopreserved vials and monitoring productivity in a shake flask batch model.
Productivity is monitored from week 5 after thawing to week 19 after thawing and compared
to the productivity before cryopreservation. Clones are cultured under selective conditions
while shake flask batch cultures are performed in media with high folic acid content (11.3

MM).

Clone before Week 5 Week 8 Week 12 Week 15 Week 17 Week 19
(VECTOR (th) Freezing (after (after {after {after {aftar {after
thawing) thawing) thawing) thawing) thawing) thawing) |
14£3 1.06 1.16 1.17 1.17 0.92 1.02 1.08
15D1 1.12 1.09 1.10 1.13 0.84 0.89 0.9
15H7 1.42 1.32 1.36 1.34 1.09 1.15 1.13
15H9 1.58 1.68 1.68 1.50 1.22 1.35 1.29
17A10 1.26 1.18 1.14 1.07 0.90 1.00 1.00
17E7 1.90 1.79 1.82 1.76 1.56 1.78 1.76
17G3 1.16 1.13 1.14 1.14 0.87 0.94 0.95
17611 1.26 1.19 1.21 1.14 0.98 0.96 1.03
18D1 1.39 1.15 1.18 1.11 0.85 0.85 0.87
18D7 1.17 0.95 1.02 1.05 0.82 0.90 0.97
19E11 1.14 1.01 1.04 1.08 0.88 1.06 1.00
20A7 1.07 1.00 1.00 0.88 0.84 0.89 0.91

Tab. 10: Analysis of clonal production stability

Only one of the 12 analysed clones shows more than 25% loss in productivity over a period
of 19 weeks, all others show high production stability.

IV. Example 4 - Large scale production of polypeptides with transfected CHO celis

The production of polypeptides in large scale can be done for example in wave, glass or
stainless steel bioreactors. For that purpose the cells are expanded, usually starting from a
single frozen vial, for example a vial from a Master Cell Bank. The cells are thawed and
expanded through several steps. Bioreactors of different scale are inoculated with
appropriate amounts of cells. The cell density can be increased by adding feed solutions and
additives to the bioreactor. Cells are kept at a high viability for a prolonged time. Product
concentrations in the reactor ranging from a few hundred milligrams per litre up to several
grams per litre are achieved in the large scale. Purification can be done by standard
chromatography methodology, which can include affinity, ion exchange, hydrophobic
interaction or size exclusion chromatagraphy steps. The size of the bioreactor can be up to
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several thousand litres volume in the final scale (see also e.g. F. Wurm, Nature
Biotechnology Vol. 22, 11, 2004, 1383-1388).
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from the first selecta'ble marker (sm |},

wherein the activity of the selectable marker (sm 1) or (sm ll} is at least partially
influenced by the activity of the other selectable marker and wherein the selectable
markers (sm I} and {sm I} are involved in the folate metabolism.

2. The expression vector or combination of at least two expression vectors according
to claim 1, wherein

{a) the first selectable marker (sm 1) is a folate transporter and wherein the
second selectable marker (sm 1) processes a substrate which is a folate, a derivative of a
folate and/or a product that can be obtained by the processing of folate;

(b) the first selectable marker {(sm |} is a folate transporter and the second
selectable marker (sm 1) is DHFR or a functional variant or derivative thereof, andfor

(c) wherein the first selectable marker (sm 1) is a folic acid receptor and the second
selectable marker is a DHFR variant that is less sensitive to MTX than the wildtype DHFR
enzyme and/or the DHFR enzyme endogencusly expressed by the host cell.

3. The expression vector or combination of at least two expression vectors according
to claim 1 or 2, wherein the first selectable marker {sm |) is or comprises a human folate
receptor or a functional variant thereof andfor the first selectable marker is a folate
receptor having or comprising the amino acid sequence of SEQ. ID. NO. 1, 2or3 ora
functional variant of the foregoing.

4. The expression vector or combination of at least two expression vectors according
to any one of ¢claims 1 to 3, wherein the polynucleotide encoding the product of interest is
comprised in an expression cassette which comprises at least

{a) the polynucleotide encoding the product of interest,
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7. A method for producing a host cell according to claim 5 or 6, comprising the step

of introducing into said host cell at least

(a) a polynucleotide encoding a product of interest,

{b) a polynucleotide encoding a first selectable marker (sm 1),

{c) a polynucleotide encoding a second selectable marker (sm |1}, which differs
from the first selectable marker (sm |},

wherein the activity of the selectable marker (sm 1) or (sm Il} is at least partially
influenced by the activity of the other selectable marker and wherein the selectable
markers {sm I} and (sm Il) are involved in the folate metabolism.
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host cel | s pmsterescondi tions sel ective for the sel ectable nmarkers (sm
) and (smll), thereby obtaining a host cell expressing the product
of interest. 10.The nethod according to claim$9, conprising
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or claim 10, ha one or nore W|ng c aracteristics:
(a) the plurality of host cells conprises host cells according to

claim5 or &  The method according to claim 9 or claim 10, having one or more of the following
characteristics:
(a) the plurality of host cells comprises host cells according to claim 5 or 6;
{b) a selective culture medium is used in at least one selection step, which
comprises folate in a limiting concentration and an antifolate.

12, The method according to claim 11, wherein a selective culture medium is used in
at least one selection step, which comprises folate in a limiting concentration and an
antifolate and wherein the selective culture medium comprises folate in a concentration of
500nM or less, preferably 100 nM or less, and/or wherein the selective culture medium
comprises an antifolate in a concentration of 500 nM or less, preferably in a concentration
of 200 nM or less.

13. A process for producing a product of interest, comprising culturing



(b) a selective culture mediumis used in at |east one sel ection
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16. A host cell produced by the method according to claim 7 or claim 8.

17. A product of interest produced by the process according to claim 13 or claim 14.



Met Ala Gn Arg Met Thr Thr G n Leu Leu Leu Leu Leu Val Trp Val
151015 Ala val val Ay Au Ala dn Thr Arg Ile Ala Trp Ala Arg Thr

A u 202530 Leu Leu Asn Val Cys net Asn"Ala Lys His H's Lys Qu Lys
Pro.Gy,354045 Pro u Asp Lys Leu H-s Gu G n Cys Arg Pro Trp Arg
Lys Asn Al a 505560 Cys Cys Ser Thr Asn Thr Ser Gn GQu Ala Hs Lys
Asp Val ser Tyr 65707580 Leu Tyr Arg Phe Asn Trp Asn Hs Cys Ay Gu
Met Ala Pro Al as0y38858G9nckybisAing bk paPhefl tre GrAspollsTzEys Leu
Tyr Au Cys Ser Pro Asn 1G62¢H{E0-IPEWCE Yy Pro Trp Ile G n Gn Val Asp
A@n SQ&}_J;J’ PndVa8tiyagd u Arg 115120125 Val Leu Asn Val Pro Leu Cys Lys
Gu Asp C&ys Au G.n Trp Trp G u 130135140 Asp Cys Arg Thr Ser Tyr Thr
Oys Lyd2@&er %ﬁ e gctios Y_%F§°G gndrmgthosls 18 3¢ snggﬁk&rmt*FhPO%er ady
Phe Asn Lys § Ala Val Ay Ala Ala Cys G n 165170175 Pro Phe Hi s Phe
Tyr Pha3® oSTHB8Mr o Thr val Leu Cys Asn Qu Ile seite 1 51 438K
sequenge, |l i t of t he description_ST25 180185190 Trp Thr

H s Sagglyrgigggg%gbg%as n Tyr Ser Arg Ay Ser Ay Arg 195200205

<160> 3
<170> PatentIn version 3.5

<2i0> 1

<21l> 257

<212> PRT

<213> Homo sapiens

<400> 1
mMet Ala G1n Arg Met The Thr GIn Leu Leu Leu teu Leu vVal Trp val
1 5 10 15

Ala val val géy Glu Ala GIn Thr ggg Ile Ala Trp Ala ggg Thr Glu

Leu Leu ggn val Cys Met Asn ﬁéa Lys His His Lys g;u Lys Pro Gly

Pro géu Asp Lys Leu His g;u Gln Cys Arg Pro Egp Arg Lys Asn Ala

Cys Cys Ser Thr Asn Thr Ser GIn Glu Ala His Lys Asp val Ser Tyr
65 70 75 80

Leu Tyr Arg Phe Asn Trp Asn His Cys géy Glu Met Ala Pro Ala Cys
85 95

Lys Arg His Phe Ile Gln Asp Thr Cys Leu Tyr Glu Cys Ser Pro Asn
100 105 110

Leu Gly Pro Trp Ile Gin GIn val Asp GIn Ser Trp Arg Lys Glu Arg
115 120 12

val teu Asn val Pro Leu Cys Lys Glu Asp Cys Glu GIn Trp Trp Glu
130 135 140

Asp Cys Arg Thr Ser Tyr Thr Cys Lys Ser Asn Trp His Lys Gly Trp
145 150 155 160

Asn Trp Thr ser Gly Phe Asn Lys Cys Ala val Gly Ala aAla Cys Gln
165 170 175

Pro Phe His Phe Tyr Phe Pro Thr Pro Thr val Leu Cys Asn Glu Ile
Seite 1



Cys

Ile Gn Met Trp Phe Asp Pro Ala Gn Gy Asn Pro Asn u Gu

210215220 val Ala Arg Phe Tyr Ala Ala Ala net Ser Ay Ala Ay Pro Trp
Al a 225230235240 Ala Trp Pro Phe Leu Leu Ser Leu Ala Leu Met Leu Leu
Trpc Léus Leu 245250255 Ser <210> 2 <211> 255 <212> PRT <213> Hono

sapi ens <400> 2 Met val Trp Lys Trp net Pro Leu Leu Leu Leu Leu Val

Cys
Asn
Gu
Cys
Leu
Cys
Pro
Lys
Arg

Val Al a 151015 Thr Met Cys Ser Ala G n Asp Arg Thr Asp Leu Leu
Val Cys net s20288GedsgncAl Hiskyreg bE Dark oflyte deycriiysioRLsor2& y Pro
Asp Lys Leul¥d s 354045 Asp élsn Cys Ser Pro ¥ Lys Lys Asn Ala CS
Thr Ala Ser Thr 505560 Ser Gn GQu Leu H's Lys Asp Thr Ser Arg
Tyirp Adin FAsesasmy A nys 6&70F588snASpr HHies ACysGIG@ serLpdy et G u Pro Al a
Lys Arg H° Phe Ile G n 8%9095 Asp Thr &% Leu Tyr Qu cys Ser
Asn Leu Ay Pro Trp Ile G n 100105110 Gn Val Asn Gn Thr Trp Arg
Gays Arlg FmemdtetirpAspe Vislp PrOOAlaeu‘lrll?BiZﬂGmZﬁ'oOysl E¥s GBiu Asp Cys G n
Trp P A u Asp cys HIS Thr ser H's 220

val Ala Arg Phe Tyr Ala Ala Ala Met Ser Gly Ala Gly pro Trp Ala
225 230 235 240

Ala Trp Pro Phe Leu Leu Ser teu Ala Leu Met Leu Leu Trp Leu Leu
245 250 255

ser

<210> 2

<211> 255

<212> PRT

<213> Homo sapiens

<400> 2
Met val Trp Lys Trp Met Pro Leu Leu Leu teu Leu val Cys val Ala
1 5 10 15

Thr Met Cys ggr Ala GIn Asp Arg {gr AsSp Leu Leu Asn gg? Cys Met

Asp Ala Lys His His Lys Thr Lys Pro Gly Pro Glu Asp Lys Leu His
35 40 45

Asp ggn Cys Ser Pro Trp ggs Lys Asn Ala Cys %%s Thr Ala ser Thr

ser Gln Glu Leu His Lys Asp Thr Ser Arg Leu Tyr Asn Phe Asn Trp
65 70 75 BO

Asp His Cys Gly Lys Met Glu Pro Ala Cys Lys Arg His Phe Ile Gln

Asp Thr Cys Leu Tyr Glu Cys Ser Pro Asn Leu Gly Pro Trp Ile GIn
100 105 110

Gln val Asn GIn Thr Trp Arg Lys Glu Arg Phe Leu Asp val Pro Leu
115 120 125

Cys Lys Glu Asp Cys GIn Arg Trp Trp Glu Asp Cys His Thr Ser His
130 135 140

Thr Cys Lys Ser Asn Trp His Arg Gly Trp Asp Trp Thr ser Gly val
145 150 155 160

Sejte 2



130135140 Thr cys Lys Ser Asn Trp His Arg Ay Trp Asp Trp Thr Ser Ay
Val 145150155160 Seite 2 51 438K sequence listing as part of the
description_ST25 Asn Lys Cys Pro Ala Gy Ala Leu Cys Arg Thr Phe Qu
Sers Tyr- Phe 165170175 Pro Thr Pro Al-a Ala Leu Cys Qu Gy Leu Trp Ser
H's Sér Tyr Lys 180185190 Val Ser Asn Tyr Ser Arg Ay Ser Gy Arg cys
Ile An nmet Trp Phe 195200205 Asp Ser Ala A n Ay Asn Pro Asn Au GQu
Val Al a Arg PhesiyggisaqurhQe 11522{hgAhd pAla ofetheHisscYadridesT@Aba Gy G u
Met Leu Hs Ay Thr Ay Ay 225230235240 Leu Leu Leu Ser Leu Ala Leu
Vet Lo @8 &Rl M8l LY (QYoRIRAPIROBHEZ>eeh oL bRe 245 <212> PR
<213> Horm sapi ens16400> 3 net Ala Trp G Met G n Leu Leu
Leu Leu Ala Leu Val 151015 Thr Ala Ala Ay Ser Ala A@n Pro Arg Ser
Ala Ao AR A0y BN S0, 293050 EBULLEY AR YR SySTyRtyfsn Al Lys
Hs Hs Lys Thrigd n Pro Sér 354 Pro Gu Asp Gou Leu Tyr Ay Gn
Cys ser Pro Trp Lys Lys Asn Al a 505560

val Ser Asn Tyr Ser Arg Gly Ser Gly Arg Cys Ile G1n Met Trp pPhe
195 200 205

Asp Ser Ala GIn Gly Asn Pro Asn Glu Glu val Ala Arg Phe Tyr Ala
210 215 220

Ala Ala Met His val Asn Ala Gly Glu Met Leu His Gly Thr Gly Gly
225 230 235 240

Leu Leu Leu Ser teu Ala Leu Met teu GIn Leu Trp Leu Leu Gly
245 250 255

<210> 3

<211> 245

<212> PRT

<213> Homo sapiens

<400> 3

Met Asp Met Ala Trp Gln Met Met GIn Leu Leu Leu Leu Ala Leu val
1 5 10 15

Thr Ala Ala ggy Ser Ala GIn Pro ggg ser Ala Arg Ala ggg Thr Asp

Leu Leu Asn val Cys Met Asn Ala Lys His His Lys Thr Gln Pro Ser
35 40 45

Pro §3u Asp Glu Leu Tyr ggy Gln Cys Ser Pro ggp Lys Lys Asn Ala

Cys Cys Thr Ala Ser Thr Ser GIn Giu Leu His Lys Asp Thr Ser Arg
65 70 75 80

Leu Tyr Asn Phe ggn Trp Asp His Cys géy Lys Met Glu Pro ggr Cys

LYs Arg His Phe Ile Gln Asp Ser Cys Leu Tyr Glu Cys Ser Pro Asn
100 105 110

Leu Gly Pro Trp Ile Arg GIn val Asn Gln Ser Trp Arg Lys Giu Arg
115 120 125

Ile Leu Asn val Pro Leu Cys Lys Glu Asp Cys Giu Arg Trp Trp Glu
130 135 140
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cys cys Thr Ala ser Thr ser A n Qu Leu Hs Lys Asp Thr Ser Arg
65707580 Leu Tyr Asn Phe Asn Trp Asp Hs Cys Ay Lys Met Gu Pro Thr
Cys 859095 Lys Arg His Phe Ile G n Asp'Ser Cys Leu Tyr Qu Cys Ser
Pras Asn-100105110 Leu Ay Pro Trp Ile Arg G n Val Asn G n ser Trp Arg
Lys Q'u Arg 115120125 Ile Leu Asn Val Pro Leu Cys Lys Gu Asp Cys Gu
Arg Trp Trp Gu 130135140 '4 51 438K sequence listing as part of the
description_5T251A8pk Gegudicg TR e as Toart Tofr 1y SeddtdpGan_shes Trp Hi s
Lys Ay Trp 145150155160 Asn _Trp Thr Ser Gy lle As u Cys Pro Ala
Gy adieiel ER TR s B TRy bR n . ey =i 5r Bk BB Thr Pro Ala
Ala Leu Cys Gu @y Leu 180185190 Trp Ser Hi s Ser Phe Lys Val Ser Asn
Tyr Ser Ser.d 5200205 S i N t Trp Phe Asp Ser
Al a G}ﬁné[r% ﬁ‘%’ynsffr éé’és%eg% @u%ﬁéﬁgﬁgo‘s%’?’aﬂﬁ“ @% Bhe Tyr Ala Ala
Ala Met Asn Ala Gy Ala Pro Ser Arg 225230235240 Gy Ile Ile Asp Ser

245 Thr Phe Glu Ser Tyr Phe Pro Thr Pro Ala Ala Leu Cys Ggu Gly Leu

180 185 190

Trp Ser His Ser Phe Lys val Ser Asn Tyr Ser Arg Gly Ser Gly Arg
195 200 205

Cys Ile GIn Met Trp Phe Asp Ser Ala GIn Gly Asn Pro Asn Glu Glu
210 215 220

val Ala Lys Phe Tyr Ala Ala Ala Met Asn Ala Gly Ala Pro Ser Arg
225 230 235 240

Gly Ile Ile Asp Ser
245
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