104402 METHOD OF INCREASING PROTEIN TITRES BACKGROUND TO THE INVENTION 5
TECHNICAL FIELD The invention relates to optimised proteins, particularly antibody Fc fragments, or
Fc fusion protefd-2Hdfitethods for the preparation or biopHaiFHESEUEEINBIB Fhetth BPHdseCHRimised
antibodies and Fc fusion proteins with enhanced activity as well as a method of producing and
purifying proteins, in which the biomolecule produced is totally iohomogeneous in relation to the
C-terminal lysine. BACKGROUND Biomolecules such as proteins, polynucleotides, polysaccharides
and the like are increasingly gaining commercial importance as medicines, as diagnostic agents, as 15
additives to foods, detergents and the like, as research reagents and for many other applications, The
need for such Rigyygdecules can no longer normally be met - for example in the case of proteins - by

isolating molec II?'F Eﬁ% ' #QE use of biotechnological production methods..
20The biotechréld(‘) oé%?éﬁng}s{“&ra %%%ﬁ%?%?gk?@ﬁ@% y begins with the isolation of the DNA that codes
for the desired protein, and the cloning thereof into a suitable expression vector. After transfection of
the recombinam gxriSe6I0R YgEoNgENiO/stitable prokaryotic or eukaryotic expression cells and
subsequent sel‘e[%%r&@&[aﬂglr ted, recombinant cells the latter are cultivated in fermenters and the
desired prostein iSexpréssed. Then the cells 250r the culture supernatant is or are harvested and the
protein contain@BetHeYeiias vrbekesd o pPafiigsiRedent tHaskadaty sioftiedinTac iperagsis Rht4s for
example proteingdsenlasmedicamands, for the preparation or bicpharmaceutical production of those
optimised antibodies and Fc fusion proteins with enhanced activity as well as a method of
producing and purifying proteins, in which the biomolecule produced is fotaily

10 homogeneous in retation to the C-terminal tysine.

BACKGROUND

Biomolecules such as pmféins, polynucleotides, polysaccharides and the lke are

increasingly gaining commercial importance as medicines, as diagnostic agents, as
16 additives to foods, detergents and the like, as research reagents and for many other

applications. The need for such biomolecules can no fonger normally be met - for example

in the case of proteins - by isolating molecules from natural sources, but requires the use

of biotechnologica! production methods..

20 The‘bioiechnofogicaf preparation of proteins typicaily begins with the isclation of the DNA
that codes for the desired protein, and the cloning thereof into a suitable expression
vector. After transfection of the recombinant expression vectors into suitable prokaryotic
or sukaryotic expression cells and subsequent selection of transfected, recombinant cells
the latter are cultivated in fermenters and the desired protein is expressed. Then the cells

25 or the culture supernatant is or are harvested and the protein contained therein is worked

up and purified.

in the case of blopharmaceuticals, such as for example proteins used as medicaments,
e.g. therapeutic antibodies, the yieid of product is critical. The separation of impurities is
20 also important. A distinction may be drawn between process- and product-dependent
impurities. The process-dependent Impurities contain components of the host cells such
as proteins and nucleic acids or originate from the cell culture (such as media
constituents) and from the working Lip (such as for example salls or dissolved
chromatography ligands). In addition, product-dependent impurities alsc occur. These are

-



e.g. therapeutrmantibpeies, the yield of product is critical. Th tion of impurities js Iso
important. A distinction may be drawn between process- and%%ﬁﬁ%ﬁgsgﬁ%%ﬁfﬁn&ﬁﬂég %rﬁg, KG
process-dependent impurities contain components of the host cells such as proteins and nucleic acids
or originate from the cell culture (such as media constituents) and from the working up (such as for
example salts or dissolved chromatography ligands). In addition, product-dependent impurities also
occur. These are molecular variants of the product with different properties. These include for
example abbreviated forms such as precursors and hydrolytic breakdown products, enzymatic
cleaving of C-mgiedubiravaifentacid greypsdvicproteinssiérehelsrprpsiied frems iaducey BLRxample
by deaminati i t sylation_patterns or wrongl 4|%r d gisulphide 5 bridges The
product-depe%’gg%?\%%%n%yﬁ%l5&%%@&%%@%9 a%réér]e%éé/ g yﬁ“n R PR RIS fTRrsagall
other materiaRSGV @Rl fidaimiet ABHWR Acist amiipiolsyialnsatuurt alscichedifioo tibehen g aisesdy to the

manuaCiU NG pEEeSeFby e ShRR ARFAL S oA YRR USRS IR Y AR gslcably i

cell cultures. ently obseryed product variant in the overexpression of rfecombinan antibodies

or Fc fusﬁlin %ﬁ@%%f‘:hé%gﬁ@g%}?&e fﬁéee B o&UihG BEIER BRmErh20SuAeAr PaaEsindbestBaRed on

the heterogefeMiAatMAGIE Kefprsiriasabfathehewmigrizimiof af themioaigibbutiomieyienzrasiaiRaving of

the C-terminaldysiadurlén desapedbieeEapeoall meaciy il ieselulionananlical methods have
[ icati % charge hete o'ﬂ@n

to be developed'.fFor the detection and quantification 15 of the rge r éiﬁf,’rl' BﬁBWing
methods are TSI GRS YBRES MR BRI RReHENDdesiraRi s selicatioreson Exchange

chromatography (CIEX), isoelectric focusing (IEF) (detection only), capillary isoelectric focusing (CIEF)
and Liqujd Chr Masp (LCMS). Each batch produced has to be evaluated
and passed ilrzl\ ?éésa}gﬁggﬂ ngtJI?iés modﬁ?((?g%tﬁ{m%r}\%etﬁyé‘i}a% 56 Yﬁ"ﬁ%‘&ﬁ?ﬁ%ﬂh«%ﬁﬁﬁ%@&f@@%ﬁﬂi@%@eﬁég@'ry that
are on the mafkESIERIOKHHA IR rTRTEPSifclasithes Ripdhstonarimien Dobtrerhecuytichiaineaieiafserved. A
distinction is bagdé betweemwm@@@tmmm%wﬁmwaﬁw%\ﬁg Béﬂme&mn%[%éuﬁ ayed
lysine (Lysl)eq,]} é'mo g sri}ne ?I%av@%%_ﬁ/s? atthei-termin,us of the heavy chain”The 2 different
incompletely pr cesse§1 Roleedles iLYs Y851 8m P ASSHIRE YSLpet8ronshsiiaiastndigh-
(Santora et d€$2'980n Analytirei IrBiuttisrhiatey|RFS 9 veloped1 0BYr the iz lprtioass- G maMEAGEHING
Remicage(r) dinfixiahythadietsseasne it ay ion Yyas,apProx,20% (Lys() and Lys1)
and 80% (Lysﬁ% éEDA, %)"]rodLflctrt‘sl;éevjev{}/{e orgﬁggéln@%ﬁgEi%ﬁga%%%%g%%&ﬁ%@% @[&Fﬁf&ﬁ“ﬁ%ine
processing it MOABERNERRJARNEDHIeS AT bl foUrtFiatgs TaRMeBerRpY. J(YEOS) iSoskekiof
Chromatogrdptusing 7Q6(E), fintd@ibd 3d)y01-eiHeRCESerbiirgesduaperERNasma Grbl! & Co
KG Chromatography Mass Spectrometry (LCMS). Each batch produced has to be evaluated

and passed in respect of this modification, inter alia.

20
in many of the molecules of this category that are on the market, these product
heterogeneities at the C-terminus of the heavy chain are observed. A distinction is made
between antibody monomers with a fully cleaved lysine (Lys0), with a cleaved lysine
(Lys1) and without lysine cleaving (Lys2) at the C-terminus of the heavy chain. The

25 different incompletely processed molecules (Lys1 and Lys2) may account for up to 30%
within a charge (Santora et al. {1999) Analytical Biochemistry, 275(1): p. 98-108). In the
process for manufacturing Remicade® (Infliximab) the heterogeneity during the
fermentation was approx. 20% (Lys0 and Lys1) and 80% (Lys2) (FDA, Product Review on
Remicade, 1998). Further examples of C-terminal lysine processing in monocional

30  antibodies can be found in the Table (Harris, R.J., (1995) Journal of Chromatography A,
705 (1), pp. 129-134).
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hence different metabolic processes in the cell have a major iBpyRee:, [Eis-alpasshiEisply Urignown at
which point in the manufacture of the product in the cell (co-traesajignalgrgst-translational), where
and by mean$'oMaRIZRRArbokyBetidase tHeaorfaviag GHe RideHarreariot, ontrRassinielvariations
between batches may therefore not be prevented and targetdéticsuhids-Yoagrodis Ehiis @ok passible.
Product heterogeneities may also be caused by other C-termitfif&ffiinb Gcldedédetons Miich as e.g. by

a deletion of the C-terminal arginine at the proteins PA or EP?i 5 1%§%I§fgg7;ﬁ@m/£}@urn‘dl of
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Bartholomew and R.A. Jue, US Pat.
5 126 250 (1992)

Hu-anti-Tac Lys transfected SP2/0 D A. Lewis, AW. Guzzetta, W.S.
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2-Chain tPA Arg transfected CHQO

2-Chain tPA Arg melanoma

hu EPO Arg - human urine M.A. Recny, H.A. Scobie and Y. Kim,
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17163

rhu EPO Arg transfected CHO M.A. Recny, H.A. Scoble and V. Kim,
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The cause of this product heterogeneity is not known at present. It is unclear whether the
5  structure of the chain, the host cell or the fermentation conditions and hence different
metabolic processes in the cell have a major influence. it is also currently unknown at
which point in the manufacture of the product in the cell (co-translational, post-
translational), where and by means of which carboxypetidase the cleaving of the lysine is



The starting ppitderepaluating the production batch is the icochemical product qualities, the
purity, homogeneity and effectiveness and safety of the pro uoc%t% rEPeeét% eﬁ’gpﬁt@f’f@ﬁ) bH & Co KG
chromatographic (IEC, SEC, RP) separation methods and mass- 10spectroscopic processes (MS,
ESI, MALDI) are used to evaluate the purity and heterogeneity of the product. Monitoring product
purity ensures an adequate elimination of impurities and the removal of cleavage products and
aggregated protein molecules formed by enzymatic, mechanical or chemical processes. The product
homogeneity is evaluating primarily by means of the 15 deviations in the glycosylation pattern and the
charge hetercgerittyputhePelisiolivaneatiovkaopiwgustsiasrabassihislagical acty ingQA?Q in fhe case
of antibodies féfmé&r%%%?rgﬁétﬁﬂgﬁcﬁs gg %ztigen binding capacity, the induction ofje?féctor
functions, serum half-life and so on. etermlni?lg FacTors for product safety include inter alia the sterility
and bacterial RiRIgR X iRIESTifieshmrn @sprori setsasBe artiser oF-theminahberies cerirabisisies that
have to be guarantsed @rmdhersdienin e Qelustia ] egp%l it e rejease Ir\&guc_tion in
the contrgl v%;ys(fpgsé%‘y??jmin%t' th%{)aramete?i?f%é%%r@ethe §t (15??51 ée{grﬁa regpeJ Te8ver, in
the biotechnological pr pa}"aﬂ%ho #%%8@ QULERIN brotR CHiie 4R8-A34igh 25specific productivity of
the cells is desirable. The problem thus arises of providing an improved manufacturing process. With

regard to progiyet 83RIESS) fical) rodyct stability, no negative influences should
occur during m%[!]ufac ﬁj‘%%tmd%%g%ﬁg %%ﬂ%%ﬁi@lﬁ‘pgﬁs#%ﬁﬁsgl\%g t%ﬁ%ﬁm‘ﬁﬁ{hpéoﬁi‘@éess for

preparing protéMiESRnieR PHER S ATRRRISIY @6 RS tivanassaskenjetid iyeremdving the C-terminally
coding codor{ecohysinejcatiify bi\vArevelogrehie BT eskty RBIAREALAIN methods and mass-

10 spectroscopic processes (MS, ESI, MALDI) are used to evaluate the purity and
heterogeneity of the product.
Monitoring product purity ensures an adequate elimination of impurities and the removal
of cleavage products and aggregated protein molecules formed by enzymatic, mechanical
or chemical processes. The product homogeneity is evaluating primarily by means of the

15 deviations in the glycosylation pattern and the charge heterogeneity. The effectiveness of
a product describes its biological activity, which in the case of antibodies is made up of
properties such as its antigen binding capacity, the induction of effector functions, serum
half-life and so on, Determining factors for product safety include inter alia the sterility and
bacterial endotoxin load of the batch of product.

20 Because of the number of control values that have to be guaranteed or adhered to in a
production batch to enable it to be released, a reduction in the control values, e.g. by
eliminating the parameter affecting the batch, is desirable.

Moreover, in the biotechnological preparation of proteins a high product titre and a high
25 specific productivity of the cells is desirable.

The problem thus arises of providing an improved manufacturing process. With regard to
| product expression, product purification and product stability, no negative influences
should occur during manufacture.
30
The present invention surprisingly solves this problem with a process for preparing
proteins which makes it possible to obtain an increased yield, by removing the C-
terminally coding codon (e.g. lysine) at the DNA level and then inserting a stop codon.



This process makes it possible to increase the protein titre, particularly of antibodies, which have a
C-terminal lysine deletion on the heavy chains. SUMMARY OF THE DISCLOSURE The present
disclosure describes recombinant DNA constructs of proteins, particularly antibody molecules such as
IgG-1, 19gG2, IgG3, IgG4 and Fc fusion constructs which comprise a deletion of the C-terminal lysine.
This change to the expression construct and the deletion of the C-terminal Lys codon means that only
molecules with a homogeneous C-terminus of the heavy chain are prepared. In a first aspect, there is
provided a method of increasing the titre of a protein of interest of a cell, characterised in that a. in a
nucleic acid se€tjseprosashioteleslds fostideptotiioredsaténespriiercditren parichieddey fantthedies,

C-terminal anjpeaaid ysinadsiialatodink- dhr sl da transtactedhwith a vector which contains the

modified nucleic acid from a), and c. the cell is cultivated under conditions that permit the production of
the protein of interest, d. wherein the cell is cultivated under serum-free conditions and e. the protein of
interest beingSAHWANMBYJD BT HIE BdSCRIGBPREeIN. In a second aspect, there is provided a method for

preparing of arpratein of @&%&8&@9@ &gsllbsygggg@lﬁggt ige&#;‘égngggé%ug 8&&8!%%}3#&%%%% ya

method for increasing the titre of a protein o ese cells are selected
from a) in thegit&ssiycEBest vt stushe 2 8&bniprkssiaE3c IgforrtlyFs Siviee canelbifitsgwhiehrried
out and d. the:prgiale of daterestds btaineehiramyiieccatisoibageuitnesssiprerstanborsthrt and

overexpressiQn of for.example recombinant antipodies or Ec fusion proteins in mammalian cells for
vl he Clerminal Tvs R ook

preparing new Biog S ST Al e SR AL AR S R B RRHIEh kv e HS?&?SS%%%‘i’ﬁes at

the C-terminus-tsfrihiauseehipe hagvyyrheip@iiedepateproduct has three different species with regard to
the C-terminus of the heavy chain: '

in a first aspect, there is provided a method of increasing the titre of a protein of interest of
a cell, characterised in that
a. in a nucleic acid sequence which codes for the protein of interest, the
codon which codes for the C-terminal amino acid lysine is deleted,
b. the cell is transfected with a vector which contains the modified nucleic acid
from a}, and
c. the cell is cultivated under conditions that permit the production of the
protein of interest,
~d. wherein the cell is cultivated under serum-free conditions and

e. the protein of interest being an antibody or an Fe fusion protein.

In a second aspect, there is provided a method for preparing of a protein of interest in a
cell, characterised in that
a. a group of cells is treated by a method for increasin'g the titre of a protein of
interest as defined above,
b. these cells are selected from a) in the presence of at least one selection
pressure,
c. optionally a single cell cloning is carried out and

d. the protein of interest is obtained from the cells or the culture supernatant.

in the overexpression of for examplie recombinant antibodies or Fc fusion proteins in
mammalian cells for preparing new biopharmaceutical medicaments molecules often
occur which have heterogeneities at the C-terminus of the heavy chain. The purified end
product has three different species with regard to the C-terminus of the heavy chain:

' 5



1) complete chains with C-terminal lysine according to the DNA sequence (Lys 2) or 2) incomplete
chain (Lys 1) and 3) deletion of the C-terminal lysine on both chains (Lys 0). The proportions of the two
species are unpredictable. Thus, differences may occur depending on the cell, fermentation conditions
and manufacturing batch. It is unclear whether the antibody structure influences this intracellular
enzymatic cleaving of the lysine. The procedure with the molecules on the market up till now was to
express the complete DNA sequence of the heavy chain and analyse and document any
heterogeneities occurring at the C-terminus at great expense. Thus, in order to characterise the
product, accutaomplttiedbaihamdly Sidgrthinal lysinsinascndivg to the Bl spereared bYistRgdratches have
to be analyseghwth regaeddo.Rig {Rafe 4P ERAE b thaZ & HRhRBIL GRABBINRLMASH ApEptrum.
2004; 18: 239-244, Lintap Wang et al; Pharmaceutical Research, Vol. 22, No .8, 2005). The cost of
analysing the%d?f&pﬂét’[%'?ﬁg@am%%&ﬁ?ﬁﬁsiﬂﬁew&d%ﬁie%&l& HiliRsaneee O&iraBReto
reduce the eftispemtingxpentiucelipffamadysisiohhepnditiseobiie peodinitbeter caameitytdesaitied is not
known at pregilnlisociafbaieURIINR SEHGLHEO e SRR ARLERILAL e daregiatien
conditions and hence different meta oﬁc processes In the cell have a majo¥ influence. It 1s also
currently unk®6ift§-at which point in the manufacture of the product in the cell (co-translational,

post-translatiamalprabererangiyhe hicheenewnas the slarengofithelysias is easrad o cHaskikle

fluctuations bB W’Een batches m%)(t erefore ngot be %:eve?ted ang ?rgeted &tcsounter-%ontrol is.thus not
possible. Hithérto tRere has beeh no Indicaliof thal th&EEsr #ks % 3G zai\yegei %%0?8%‘?%&‘/35
detrimental eﬁe@wmhté@engtGmua@baﬂ%Io@iQahsﬁje"ﬁﬁeeﬁ; asdanesaltanh twribetbrogredeity in the
C-terminus. Thesaiare the-pao-Ralive,3equerRce WRHLGIREMINBLIRING S0 aRPeR S 0Bk hes

acceptable in terms of clinical efficacy and tolerance and to be equivalent to the native sequence. Up

till now, howe RS 13 RpALANERS HiERasd drid T Seaivee parsrandi Griiratiek b rirarid S &istructs,
with the deletdassfShedGueradtd; 1gs 2egiond) dirtsnesantpetebethaansbeuete Reinadiysivelirethe
neavy chain §(40%S38dus iy RORSSNVALARIA ARPRRHIRALD AR R AL 38 priRsog! liagiansire the

codon for lysine in the expression construct’for eavy chain of antibodies has already been deleted
at the DNA |eSRIEEHRPE-ent WAL ke fsimblsoty prdugretios Rifprians erasadibasptra@yEshighly

conserved and the lysine at the C-terminus is always present for example both in human and in murine

antibodies. Iniew of this situation it js tq be expected that the lysine is of particular importance for the
expression, fcﬁﬁ?nﬁagrs ge%frséhfao T‘@Hﬁéﬁ‘s%egfﬂﬁ%“%d%)é@&ﬁ“é%?%ﬁpéﬁrﬂﬁe%‘é%ﬁﬁ %?Fe‘arréthrtncgté]&glﬁgg of
IgG showed foheiestirdetisieahiae iof Sparsluithéhadietbeetfahthlesmamatitysirmnditomsaloduiescare
expressed in giuRsCAbRBEIE Samssandihe aativewrofein-ptrustiedsssecteied o themgdium.
A patrticularly syrprising aspect is the totally une&pected increase observed in the product titre when
these constru‘é%'%?‘gqjgéd‘.’ Bﬁﬁsﬁg'%&f&@w IS PIhE%iBR AU rsBWAR ot b e enslehan lysine
position in thevpseferadibtitwat)anwhens andgigbutins. dimpeothectistreng ioCteadednkyiatieast B,
preferably by at least 20% and particularly preferably by at least 50% when these expression
constructs are used. It has also been possible to provide qualitative and quantitative evidence of the
avoidance of product heterogeneity as a result of the deletion of the Lys codon by analysing the
antibody isotypes produced. For two different isotypes (IgG1 and IgG4) the wild-type antibody and the
corresponding lysine deletion mutant were expressed and purified as a comparison. Then the protein
characterisation was carried out. Moreover, contrary to expectations, it was shown that the product
titre could be increased by at least 10-20%. In the working up of the product (protein A affinity
chromatography) and the protein characterisation the deletion of the lysine codon was not found to
have any harmful effects. Further analysis of the purification process and product characterisation
(product yield, aggregation characteristics) once again the Lys deletion mutants were not found to
have any negative influence. In view of the greater robustness for the manufacturing process, the
reduction in the analytical work and the increased product titre this new method is clearly superior to
the prior art. The chief advantage over the current prior art is that when these constructs are used only
the variant of the C-terminus without lysine can occur for the heavy chain. Thus there is no possibility
of fluctuations between batches and the amount of product characterisation work. A particularly
surprising of the present disclosure is that the constructs without C-terminal lysine lead to increased
product titres, which is particularly advantageous for a high yield. The present disclosure may
preferably be applied to processes for preparing recombinant antibodies and/or Fc fusion proteins. The
present disclosure may, however, also be applied to other molecules that comprise C-terminal amino
acid deletions. Examples of these are EPO and tPA in which C-terminal arginine deletions occur.
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The disclosure relates to the improved production and purification of optimised proteins, one ingredient
of which is, inter alia, the immunoglobulin domain CH3. A frequently observed effect of these proteins
is the cleaving of the C-terminal lysine. This usually incomplete processing of the heavy chain leads to
product heterogeneity. In order to avoid this product heterogeneity the corresponding codon of the
C-terminal lysine of the heavy antibody chain was deleted by recombinant DNA technology. This
deletion in the optimised antibody surprisingly results not in a disadvantage in the expression or
intracellular protein processing, but in an increased product titre compared with the wild-type. In
addition, the dfstisildedlantiatdies briweprobattheshenagvineratrreusdh parrifieatiotedyaaddargeteidtion
process on acepmps-Aidheorediierd6haregihigterogeneity and are characterised by an improved
homogeneity. Another advantage is that in the purification of the protein of interest a lower salt
concentration is used compared with the purification of a protein without the deletion of the C-terminal
amino acid. Hithgntesibetalisetobaed daechdiobtsisatfad ihéhesprior thisA ppsaseit theprogues any

heterogenci s grs ANESCI9r SACD EIORNFIARA BEI0Te L o8 cleasthy

Labour-intensive and high-cost me s of ‘analysis ave to be use he qualitative andoquantitatlve
determ|nat|ort18f5t@ﬁe?5¥d@e‘iﬁ‘élt9'é?rf§7§we gTBE@%FtH@@Q@r%% BRI erhiR- ESRMIshed

methods usedinidhesauapiaive detanipaiing pf themarindiisefasasy aiethadnabodsdiregen
quality control in th p?rm]aceqtlcal indu strgl such as column chromatographical methods of

separation (We%lk ation exc angers ,’'sometimes in conjunction with mass spectroscopy
(LC-MS) or electrophoretic separation methods (capillary isoelectric focussing, CIEF).

Gel-isoelectrqphredis,fORuRRIeH ARy BREMIIS S s ifRkive SRl yrHRm-Qf Hﬁtl&éﬂ%%%@%@%%@”e

approach to reducing char é‘ge heterogeneity by means of C-terminal lysine groups of the heav

Yy
antibody chaiff'fog¢ h WL iR A gidprbiemyRc e EPagR NG GrRTbABRISREY @s
antibodies (EP@361802na B5TR6R3D. Hesed cbbonahig@teogghitisackidved here by different

methods, such asDsIRneriom Al LG BReyfBalin eBXOR G IBHIINR! sine drpwus by

carboxypeptidase or the addition of ascites liquid. In the enzymatic process the reduction in charge
heterogeneityS’PESEIRE B IRE TR 8P Q- t’é?ﬂ’m%fl graiRadipsiss crierdNBAN Frifiesr at the

|mmunoglobutmmnab@tc&esrey3neaas ofrthe enZyGE ﬁm@@éyﬂﬂﬁt%@nﬁﬂbﬁﬁrﬁﬁﬁﬁ%mﬁﬁf is
achieves only, ac nversion 950/?!10f the ant k)[ﬁdI%StlntO the ho eneous |bod form SQ\)

Other metho&%o%gg??ﬁrtﬁe %cuba%c% 'OF the etero%rg!r%reL(J)suEss’ai?1 \{v dy osr?r?s ertt?)étsrg €s UId in

different ratioSY2anténe I0erine @ndbedigsnlinviny pHi$ sivaiftuidniedRiAxpThisettisidheyysinthese
methods of Crémmklmame@tﬁ@ﬂee 1Sr RO LBhe SNBROYe | SRY. OOPélatttetewcetﬁsﬁsﬁtC@@ﬁewever
time-consumin (>24h %OF THE FIC%}JJ%I%S FIGURE 1:SCH

REPRESEN e‘t‘e‘l”é"’ﬁ @ INAIRFVEE 068 RS- 8w Ms Rl USRIF 18 the
expression oﬂﬂwedﬂehmloﬁﬁlaﬁtimmmldwgfélttmmlg@wtmtypeaprpfébl@djﬁMmﬁlsoé‘ipdﬁlttﬂenotes
a combination o -MVERDances AR hamisterbiRALeRPaRh M \helehnin 2 sombinalian o

CMVenhancer and -promoter, ' merwfé, denotes a promoter element and "T" a termination signal for
the transcrlpt%ﬁpﬁft‘l%eié%ﬁdﬁéﬁqdf’ PO sRRAISiRGsth QPRGN RICAVStHETB 3¥h and
direction of thiadeansseriptiatsiaiidatiosnd withis @aghexpacedptionsuntfithindigateshibyrastiarroMheie

amplfiable seigeinle kLRI S adaiten InaRmed s e seigaieple morker

neomycin- phosphotra erase IS deS|gna € neomycli osphotran erase mutant

produced by pisiRasRitdio AR 18 r"éte@f@f?t@béts bmmttheaﬁtlﬂwg@ldﬂ@ﬂ@y@é@ fenefaeablé iy ahain of

the wild-type 48t suvibaebnahiie BskiseivRe ad cle@d-Lysd for the heavy chain of this antibody
with a C-terminal lysine deletion. "IgG4 HC" denotes the gene for the heavy chain of the 1gG4-wildtype

and "lgG4-Lys" in turn denotes the heavy chain of the IgG4 with a C-terminal lysine todeletion. "LC"
codes for the lidias chisirbeé theokyb b lorprgGdb antititady s FIGURENHtHNFL Bk ate OREHRoIdance

C- TERMlNALo’f-\ﬁ%ch::t Q%EQ}@V(QMS Elfesutt of the deletion of the Lys codon by analysing the

antibody isotypes produced. For two different isotypes (igG1 and IgG4) the wild-type
antibody and the correspending lysine deletion mutant were expressed and purified as a
comparison. Then the protein characterisation was carried out. Moreover, contrary to
expectations, it was shown that the product titre could be increased by at least 10-20%. in

the working up of the product (protein A affinity chromatography) and the protein
6



TRANSIENT EXPRESSION OF AN IGG1-ANTIBODY In order to check whether the conserved
C-terminal Lysine of the heavy chain has an 15 influence on the expression or secretion of the IgG1
molecule, a co-transfection of CHODG44 cells with the plasmid combinations pBID/F19HC and
pBIN/F19LC (IgG1 with C-terminal lysine, cross-hatched bar) or BID/IgG1-Lys and pBIN/F19LC (IgG1
with C-terminal lysine deletion, dotted bar) is carried out. At the same time a SEAP expression plasmid
(= secreted alkaline phosphatase) is co-transfected in order to compare the 20 transfection efficiency.
48 h after transfection the cell culture supernatants are removed and the IgGL1 titre is determined by
ELISA and ther8BARrEivity isemdzasive dofThe |yGiie titnel i coae cted fodtdrég drevio Hne thansfettion

efficiency. Theddguresshows AGIAYEIRIRO é&%@ﬁf@#?ﬂ@@@éé Uh83rbRs e compAableamgunts
of product for both variants, 25 FIGURE 3:EXPRESSION OF IGG1-WILD-TYPE AND IGG1-LYSINE-

DELETION M(SIARSafesiaBeeaRamsIFess esain bebsdakigauipimisierdetivast
influence of thexe-tenminagdyisinendedpiten dn thevexpressigrabandgishassibodhis inyestigaieey For

this, CHO-DG lls [ ombij tlons BID/F19 IN/F19LC
(IlgG1 with C- iér%%%g I@L%n% u%‘%?l %%%E{SE%%T}L%% §§'?ned 'B ijQE I%Pg 5llfjvf/{l)t C-tertinal
lysine deletiofnethgg is @%}WM‘#@%OMW*I@ Bhiealeek selection of the transfected cell pools, in each

case 10 per plasmid combination, in hypoxanthine /thymidine-free medium with the addition of G418,
the concentrapﬁ produced in the ce ernatant is determined

tP antlbod &5‘1 lture SLHJ b
ELISA sl thd B i S R AR Ry S R A TR BEP LY 16 LlaE g I Fep AB @ ean
values of the &@Eﬁr@pt@dlﬁmme(rmm Widirpar lp$ithe citneo(stuipfed therhebal theipodhs.mitizestést

consisting of in,eachiEREE B ntCUHNATIRERESSAIEHIY éﬁﬁrﬂ\?e %‘?\UO%I%'F%F% cﬁéz 5%!%%1&%
4:EXPRESSION OF IGG1-WILD-TYPE AND IGG1-LY5I TION MUTAN

STABLE AMPIIHIEDREEFYBORIRI 96t ES@az?%%ﬁsd5Fé°ﬁ£ﬁ§?ée?ém&ﬂnﬁ%@ﬁﬁawﬁna%&mb.nat.ons
pBID/F19HC &mah ipBII NI LIEad g6 hevithsEetenoinat hitsise whighib-paididyjael) ardstiditg@duk ysramnd
PBIN/F19LC ( Wigh C-terminal lysine deletion = IgG1-lysine). After a two- to three- 10 week
selection of the transfected cell pools (in each case 10 pools per plasmid combination) in hypoxanthine
/thymidine-free medium with the addition of G418 a DHFRmediated gene amplification is then carried

out by addingTHeQorédemethetoexasar(dy bofndbl bultipption 0 priviRsdd R eorgennatieashthrigGl
antibody pro élnct%% CF@%%/I& ch.%r%J Stépernotealﬂts [ eternéléréeg (t%cl’:_L SA and the ‘%%ecmc Rro uct|V|ty

ure mﬁg
per cell and per ay 1s calcula ars represe e one hand mean vauésd

specific prod #RR/gE (Hbﬁ’é@!bm'@@léﬁh@aftr@(ﬁmié@ood@mm@a@hli’i¢dM&JQBMQ!’W t&i&ateslega@fh

comprising 6 gdiyalienPeassagesAiineieh celbrvlldiansie ddeikaothenhand the mean value (MW)
of all the pool data is also given. Figure 4A shows the data of the cells pools transfected with the loG1

wild-type. while
The disclosure relates to the improved production and purification of optimised proteins,

one ingredient of which is, inter alia, the immunoglobulin domain C43. A frequently
observed effect of these proteins is the cleaving of the C-terminal lysine. This usually
incomplete processing of the heavy chain leads to product heterogeneity. In order to avoid
this product heterogeneity the corresponding codon of the C-terminal lysine of the heavy
antibody chain was deleted by recombinant DNA technology. This deletion in the
optimised antibody surprisingly results not in a disadvantage in the expression or
intracellular protein processing, but in an increased product titre compared with the wild-
type. In addition, the optimised antibodies have proved to be advantageous in purification
by a better elution process on account of the reduced charge heterogeneity and are
characterised by an improved homogeneity. Another advantage is that in the purification
of the protein of interest a lower salt concentration is used compared with the purification

of a protein without the deletion of the C-terminal amino acid.



20 Figure 4B shows the data of the cells pools transfected with the 1IgG1-lysine-deletion variant. The
latter produce on average 86 % more antibodies at 120 % higher specific productivity than the cell
pools transfected with the IgG1-wild-type. FIGURE 5:INFLUENCE OF THE C-TERMINAL LYSINE
DELETION ON THE 25TRANSIENT EXPRESSION OF AN IGG4-ANTIBODY In order to check
whether the conserved C-terminal lysine of the heavy chain has an influence on the expression or
secretion of the IlgG4 molecule, a co-transfection of CHODGA44 cells with the plasmid combinations
pBIDa/lgG4 HC and pBIN8a/lgG4 LC (IgG4 with C-terminal lysine, cross-hatched bar) or
BlDa/lgG4-LysharrigsBIN 8isttpeiae dofig Gx BEeitbnCthemmipradty siiepthsietichedutidatbar) is carried

out. At the samadligee RRFAR spessianfiaslidizsersairdiaialing Harsrhriase)ds rodsansfected

in order to compare the transfectjon efficiency. 48 h after transfection the cell culture supernatants are

removed and tABAYCASFVR SN BTHEFLYRIER ShatRlySERPalavRg ISRbIRURR ArAlatEa titre
is corrected vathl regrartkad v e stamshedion o fffaensyrdee &itg wiclysinevesdhiesmae tre value bl parallel
pools in eachirase With-gygN somewnhat higher product titres of the 1lgG4-antibody with C-terminal

lysine deletion. FIGURE 6:EXPRESSION OF IGG4-WILD-TYPE AND IGG4-LYSINE SDELETION
MUTANT IN &sigBlisbedvirathedsryest for prsciantiatyendsierpiaaneofr fiesratteeryie tprenplasmid

combinationstpBIPatlgad téeane pBilgadtaEdiLie (aChnuithdedaraainadysine sugt4<wisidvpe) or
BIDa/lgG4-Lys and pBIN8a/lgG4 LC (lgG4 with C-terminal lysine deletion = | -lysine). After.a two-
1 threo-weol LILOH 8P e {AALRLE SO (Mo PLREE 10 BB par b ey es
combination) #HypEiinthiiie ragmidimsiaseonedibrMith tie eleiditphwe R4 seraitFRmeltiaded

gene amplificatipniisyihppgasied RidBYRId0EE)0 oM mIstRetreXRtRtM TR 4eRS %E}y%@m&ed“%m,
thus obtaining successfully am |Ifl?%é(z}|/| Pools for the 1904-wildtype 4 and for the 1IgG4-lysine deletion
variant 6. Thggé\qégﬁ?rgﬁ%éﬁﬁﬁ% & A HREESSBIEAGEE in the cell culture supernatant is

determined by ELISA and the specific 15productivity per cell and per day is calculated. The bars

represent on ghe.one hand (hedRean. alurs: Al SRACHE BIoAWGHYIb @?éﬁqrg‘?‘ﬁgé?ésé’lw‘g]%;@ cell

(striped bar) of each individual pool in the test, each comprising 6 cultivation pass _

culture flasks B ERYCIREPPHNENTHR MesiriRRiNINvIios aethadsed radusinddha hairsaoengiiyeb A
shows the datacpbtitenaelisribetsidsansfeusedagith thedggebsaid-pesdviilen 26 Figsteedabasfyous the
data of the cell I nsfected.with, the |gG4-lysine-deletion variant. The latter produce on average
63 7 more adBATE HER0 0 et Alie SR 55 e S oo e e
|gG4-wild-typgleaving of C-terminal lysine groups by carboxypeptidase or the addition of ascites liquid.

In the enzymatic process the reduction in charge heterogeneity is obtained by the cleaving
of C-terminal lysine groups of the heavy chain of immunoglobulin antibodies by means of
the enzyme carboxypeptidase. This process however achieves only a conversion of 95%
of the antibodies into the homogeneous antibody form (Lys0). Other methods consist in
the incubation of the heterogeneous antibody forms with ascites fluid in different ratios

| (2:'1 to 1:10) or in a reduction in the pH of the culture medium. The efficiency of these
methods of C-terminal lysine cleaving is also only approx. 95%. All the processes are
also time-consuming (>24h).

DESCRIPTION OF THE FIGURES

FIGURE 1: SCHEMATIC REPRESENTATION OF THE RECOMBINANT
VECTORS

The vectors shown here are used for the expression of the monoclonal antibodies of

lgG1- and IgG4-isotype in CHO-DG44 celis. "P/E" denotes a combination of CMV-

enhancer and hamster Ub/S27a-promoter, "CMV" denotes a combination of CMV-

enhancer and —promoter, "P" merely denotes a promoter element and "T" a termination

8



FIGURE 7:E ION-.OF IGG4-WILD-TYPE AND IGG4-LYSINE- 25DELETION MUTANT IN
CELL POOLE%%%%% ECOND ROUND OF GENE AMPERSIERSIONRD Riems GifistseCo kG
transfected with the plasmid combinations pBlDa/lgG4 1-1C and pBIN8a/lgG4 LC (!gG4 with ‘
C-terminal lysine = IgG4-wild-type) or BIDa/lgG4-Lys and pBIN8a/lgG4 _LC (IlgG4 with C-terminal
lysine deletion = IgG4-lysine). First of all, a two to 30 three_ wec_ak selection qf the tran_sf_ected cell pools
is carried out (in each case 10 pools per plasmid combination) in hypoxanthine /_thyrr!ldln_e-free_
medium with the addition of G418. Then a stepwise DHFR-mediated gene amplification is carried out.

[ : IS; the cultivation medjum. With these stable cell
pools resuling J0r s e A L Sor oLl BFoROL AR MIFUAR A, % ot ey
adding 400 nI%f o%&?l‘o’q RS HaRiPat HfirRrEafL AT thestianaednting dniifitedidtbinpeats trmebipied for

broduced In ragliaiEs AHpeTetL S date e e L e
' i . | ermin ) _ \

Bl por day o T R RTH R HeRRR DAL o e opeiont
productivity (d&tfe TS MEPIRKCithRRRRiEnaires e avitantivictizqubby indine faabieerHIsINg in
each case 4 cefleiration pRSIREERMOISCHE p@l,@ug&ggsﬂﬁzﬁkﬁ]e%gqﬁ gﬂgﬁﬁ hand.the, (Erlga,%g t\ﬁlﬁl_e I(Nclst)
of all the pooldata is alse gy _i;)gure 7A 5-5‘9%"3_ the, data of the cells pools transfected with the Ig
wild-type, Whhe |o(§gure%@§&o’s e Wa'? %Eyéeﬁ%rﬁﬂ%@%%%wwmﬁﬁ@wy with a C-
IgG4-lysine-dergtieal b@ﬂ%ﬂﬂ&i@ﬂatﬁeﬁﬁrﬁﬂlﬂmmwmger@g%tﬁ?m?mt%? E{@@@Mm%_er

ifi /iy dhanihe gell; i -wild-type. | _ _
ZPSS%V%%??%%E ETH pé&”%é?@%ﬁ@%%%%@%ﬂé% tha égﬁ%{é‘%”&aétk}’ﬁwmgd for
the prodiict ylgl)stm'g aRRPRFEA the I shaimeTithedsBitivs 9GH@NRindydeletion. The proportion of

monomer in the isotypes and the corresponding lysine deletion variants is in the range from 89.23 to
97.93%.  FIGURE 2: INFLUENCE OF THE C-TERMINAL LYSINE DELETION ON THE
TRANSIENT EXPRESSION OF AN IGG1-ANTIBODY
In order to check whether the conserved C-terminal Lysine of the heavy chain has an
16 influence on the expression or secretion of the IgG1 molecule, a co-transfection of CHO-
DG44 cells with the plasmid combinations pBID/F19HC and PBIN/F19LC (IgG1 with C-
terminal lysine, cross-hatched bar) or BID/IgG1-Lys and pBIN/F19LC (lgG1 with C-
terminal lysine deletion, dotted bar) is carried out. At the same time a SEAP expression
plasmid (= secreted alkaline pho'sphatase) is co-transfected in order to compare the
20  transfection efficiency. 48 h after transfection the cell culture supernatants are removed
and the IgG1 fitre is determined by ELISA and the SEAP activity is measured. The 1gG1-
titre is corrected with regard to the transfection efficiency. The Figure shows the average
of 10 paralle! pools in each case with comparable amounts of product for both variants.

25  FIGURE 3: EXPRESSION OF IGG1-WILD-TYPE AND IGG1-LYSINE-
DELETION MUTANT IN STABLE UNAMPLIFIED CELL POOLS
In stably transfected cells the influence of the C-terminal lysine deletion on the expression
of an 19G1 antibody is investigated. For this, CHO-DG44 celis are transfected with the
plasmid combinations pBID/F19HC and pBIN/F19L.C (IgG1 with C-terminal lysine = IgG1-
30 WT) or BID/IgG1-Lys and pBIN/F19LC (igG1 with C-terminal lysine deletion = IgG1-
Lys). After a two- to three-week selection of the transfected cell pools, in each case 10
per plasmid combination, in hypoxanthine thymidine-free medium with the addition of
G418, the concentration of the 1gG1 antibody produced in the cell culture supernatant is
determined by ELISA and the specific productivity per cell and per day is calculated. The
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Both the yieldmy\dhthg_grepomer content are higher with laG -éés as than with the WT zovariant.
FIGURE 9:ISOELECTRIC FOCUSING (IEF) OF THE |SOT\}?9 eSS TR SeampHanfiliBSnés

were incubated in vitro with carboxypeptidase B in order to cleave any C- 25 terminal lysine prese.nt.
The isotype IgG1 (+lysine ) (= IgG1-wild-type) has a smaller number of protein bands after i_ncubatlon
with carboxypeptidase B (cleaving of the C-terminal lysines at Lys2 and Lys| => I__ysO). The isotype

lgG1 (-lysine) (= C-terminal lysine deletion variant) has an identical band pattern independently of the
carboxypeptidase B incubation. IEF marker bands can be found at 8.8 kDa and 8.6 kDa. 30 FIGURE

10: DETECTIRNQEpie3dnRMEINAbdRYiNE: BY He-Ms \ -HySine) (Fine
IgG4-wild-typ 9 rti}pnI heavy chain %HC) V%ﬂl%% C&treﬁrprﬁ?r?g(% ind%%%ii&ﬁtéﬁé’}%%ﬁc
with lysine), ir@{ég%%naﬁt?géf k@s?ﬁé&s(i'b!h eIt aPTsStiRc8letibRariyisatritis0%. THbvdter-grey
bars represerRa$rREHeS o’ of dlicaitpreniiaaks(HC) without lysine. FIGURE 11:SEPARATION OF
THE ANTIBODIES BY WCX 5Separation of the IgG1-WT (A) and IgG1 lysine (B) by weak cationic

exchange (WCX). enzymatic _cleaving of lysine by means of carboxypeptidase B shows a
reductiortin t&é&@g%eaks 1 an@%?ﬁﬁé‘{m‘ﬁgﬁ THESENA)YEEHgCANDT Wikt EpBIftop

line) and IgG1 WT +CpB (bottom DistEShowsMbEssdustism ABtireasiomeakaeapbypitotal of 9.8%.
The overlay (85,81 380k Lo IRO U SRHRE W A0S 4Gy oS ations pBID/F1SHE  and
PBIN/F19LC (igG1 with C-terminal lysine = lgG1-wild-type) or BID/IgG1-Lys and
pBIN/F19L.C (IgG1 with C-terminal lysine deletion = IgG1-lysine). After a two- to three-
10 week selection of the transfected cell pools (in each case 10 pools per plasmid
combination) in hypoxanthine /thymidine-free medium with the addition of G418 a DHFR-
mediated gene amplification is then carried out by adding 100 nM methotrexate {(MTX) to
the cultivation medium. The concentration of the IgG1 antibody produced in the cell
culture supernatant is determined by ELISA and the specific productivity per cell and per
15 day is calculated. The bars represent on the one hand the mean values of the specific
productivity (dotted bar) or of the titre (striped bar) of each individual pool in the test each
comprising 6 cultivation passages in 75cm? cell culture flasks. On the other hand the
mean vaiue (MW) of all the pool data is also given.
Figure 4A shows the data of the cells pools transfected with the lgG1 wild-type, while
20  Figure 4B shows the data of the cells pools transfected with the laG1-lysine-deletion
variant, The latter produce on average 86 % more antibodies at 120 % higher specific
productivity than the cell pools transfected with the IgG1-wild-type.

FIGURE 5: INFLUENCE OF THE C-TERMINAL LYSINE DELETION ON THE
25 TRANSIENT EXPRESSION OF AN IGG4-ANTIBODY
In order to check whether the conserved C-terminal lysine of the heavy chain has an
influence on the expression or secretion of the IgG4 molecule, a co-transfection of CHO-
DG44 cells with the plasmid combinations pBIDa/lgG4 HC and pBiN8a/igG4 LC (lgG4
with C-terminal lysine, cross-hatched bar) or BIDa/lgG4-Lys and pBIN8a/lgG4 LC (IgG4
30 with C-terminal lysine deletion, dotted bar) is éarried out. At the same time a SEAP
expression plasmid (= secreted alkaline phosphatase) is co-fransfected in order to
compare the transfection efficiency. 48 h after transfection the cell culture supernatants
are removed and the IgG4 titre is determined by ELISA and the SEAP activity is
measured. The IgG4 titre is corrected with regard to the transfection efficiency. The Figure
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m lin -pereduction in the basic peak area (-g low 1%). FIGU _
icz):(gﬁfNTlFﬁgiPr%ﬁ ggg THE C-TERMINAL LYSINE BY L B %’Jﬂ%ﬁlfg%'{riﬁ"s'ﬁ?ﬁ&m%érﬁsﬁ%f
C-terminal lysine in the heavy antibody chain of IgG4 by LC-MS (IgG4 WT: glotted (top) line and
IgG4-Lys: continuous (bottom) line). After 15 reduction an_d chromatographl_c separation, t_he e
guantitative amount of the heavy chain with C-terminal Iy_sm_e (HC 1 - 447 W|th lysine) or W|tho_ut ysine
(HC 1 - 446 without lysine) was determined. The arrows indicate the mass shift cause_d by lysine
cleavage dependent on the glycosylation state. Marked peaks characterise glycosylations of the

heavy chain -@blaek: HE withnCritumiora Wﬁiamsi@rqsb?:%ﬁlﬁg_r@ﬁpgbg% %ﬁsﬁ]ﬁgﬁg@ﬁﬁ&%
DETAILED D - INYENTION D ! e _ : _

within the sco%@%%ﬁ@%%%ﬁ%gn of%\ﬁ# e\r“ﬂ%rg E%B‘?ﬁ'ﬁ&%‘?&lﬁ'ﬁﬁﬂ@%eanlngs_dgflned hereinafter.
The general terms "containing" or "contains" includes the more specific term "consisting or. Moreover,

the terms "singleREber” and "plenglityt agecngt used f%@%im%-wﬁﬁe t%ﬁ})"fli_tr:@g gﬁ%@t@gﬁ:t of -

Drocuctviy” efers o the amount B Dol HELLA By AL AVEAIBE L IEMAPRGIdRy. It

Calculated UsRHGHBEHEHpEIH OROTpEEH (Tb 0 )plabere Conmmbdrisdientnigaumbespfcells

on seeding opBaveaAKam ! (GBI R /AIHBPIRRe = 19o4-wild-type) or BIDalgGA-Lys and
pBIN8a/lgG4 LC (IgG4 with C-terminal lysine deletion = igG4-lysine). ~ After a two- to
three-week selection of the transfected cell pools (in each case 10 pools per plasmid

10 combination) in hypoxanthine /thymidine-free medium with the addition of G418 a DHFR-
mediated gene amplification is then carried out by adding 100 nM methotrexate (MTX) to
the cultivation medium, thus obtaining successfully amplified cell pools for the IgG4-wild-
type 4 and for the !gG4'-Jysine deletion variant 6. The concentration of the igG4 antibody
produced in the cell culture supernatant is determined by ELISA and the specific

15 productivity per cell and per day is caiculated. The bars represent on the one hand the
mean values of the specific productivity (dotted bar) or of the titre {striped bar) of each
individual pool in the test, each comprising 6 cultivation passages in 75¢m? cell culture
flasks. On the other hand the mean value (MW) of all the pool data is also given,

Figure 6A shows the data of the cells pools transfected with the IgG4 wild-type, while

26 Figure 6B shows the data of the cells pools transfected with the IgG4-lysine-deletion
variant. The latter produce on average 63 % more antibodies at' 70 % higher specific
productivity than the cell pools transfected with the lgG4-wild-type.

FIGURE 7: EXPRESSION OF IGG4-WILD-TYPE AND |GG4-LYSINE-
25 DELETION MUTANT IN CELL POOLS AFTER A SECOND
ROUND OF GENE AMPLIFICATION
CHO-DG44 cells are -transfected with the plasmid combinations pBIDa/lgG4 HC and
pBINBa/igG4 LC (IgG4 with C-terminal lysine = IgG4-wild-type) or BiDa/lgG4-Lys and
PBIN8a/lgG4 LC (IgG4 with C-terminal lysine deletion = IgG4-lysine). First of all, a two to
30 three week selection of the transfected cell pools is carried out (in each case 10 pools per
plasmid combination) in hypoxanthine /thymidine-free medium with the addition of G418.
Then a stepwise DHFR-mediated gene amplification is carried out. In the first step 100 nM
methotrexate (MTX) is added to the cultivation medium. With these stable cell pools
resulting from this gene amplification, a second round of gene amplification is carried out
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The term "yielgagg§f;ﬂ|98§ the percentage recovery of the various product variants after separation by
chromatography on a matrix, e.g. a protein A matrix. ProducEeBNESR Reshadn SienemSeoues 69 K6

selected nucleotide sequence may be determined using an ELISA, but also by other methods, such
as e.g. protein A PLC, 5Western Blot, radioimmunoassay, immunoprecipitation, detection of the
biological activity of the protein, immune staining of the protein followed by FACS analysis or
fluorescence microscopy, direct detection of a fluorescent protein by FACS analysis or by
spectrophotometry. 10Gene of Interest: The gene of interest contained in the expression vector
according to thg Hugamgi i ot length which c fe for a product of
interest. The gne o,dﬁb'?: ﬁmgfg?i%ﬁm%ré@ﬁv igsﬁggnera w%a?%?e%gsﬁ’g%%gﬂ?ﬁﬁ '?ﬁeﬁlh@gBF
fragment or d Fﬁ/aqgé' gré%ﬁ‘. %%vé@@éf}"iﬂ‘?ﬁ&%lﬁo%@ RN Al deGdeiisioRN@etRine vaSayend o
interest may lsenmrerstenticn ibthelliigytintibcalyosteseskiormhasal lbgioraaan Aaas aidahalad gene. It

may be genomj (o) corresponding fragments or fusions. The gene of interest
may be the n%?g%ei@qﬁgc , (%qrﬁ?%\lrﬁg%g@m%tgtee!dcgrgo?ﬁé]r\ﬁgeaﬂﬁdﬁi&éf%@éﬁdm%ﬂﬁi&ﬁféns

include cdol BBERTREEDHREOPadRInG o eparRIURY dfobecbaliid hrotactisiyi(rvtEactaene of

interest may . oy eeplepe@dfpron 3asRCFRIRMILAYIBBRSMIh I yslear] §fly ”ﬁ?’@?ﬁﬁ(‘%‘é@é’ ypd or
cell surface-b ﬁ@aﬁgrkygggggd%s'l}p’ rrnz"nuciLeic acid'’, "nucleotide sequence™or "nucleic acid
sequence" ing}gates an-oligonacleotds hudRoFHEES BRRcIddndbe Atefragnseiiie thersoralsavell as

DNA or 25RNIMYY géabinrrokgatadsielssigivanhich occur as single or double strands and can
represent therggeiay AT BRBIROHELHEABARE 29RO HEIS REI P SHIEICR BRI type, while
10 Figure 7B shows the data of the cells pools transfected with the lgG4-lysine-deletion
variant. The latter produce on average 53 % more antibodies at 66 % higher specific
productivity than the cell pools transfected with the lgG4-wild-type.

FIGURE 8: QUANTIFICATION OF THE PRODUCT YIELD BY PROTEIN A
15 HPLC

The values determined for the product yield of 1gG1 and 9G4 | are over 0% irrespective

of the lysine deletion. The proportion of monomer in the isotypes and the corresponding

lysine deletion variants is in the range from 89.23 {0 97.93 %,

Both the vyield and the monomer content are higher with 19G1 ~Lys as than with the WT
20 variant.

FIGURE 8: ISOELECTRIC FOCUSING (IEF) OF THE ISOTYPES I1GG1 AND
1IGG4

The antibodies were incubated in vitro with carboxypeptidase B in order to cleave any C-
25 terminal lysine present. The isotype IgG1 (+lysine ) (= igG1-wiid-type) has a smalier

number of protein bands after incubation with carboxypeptidase B {cleaving of the C-

terminal lysines at Lys2 and Lys1 => Lys0). The isotype IgG1 (-lysine) (= C-terminal

lysine deletion variant) has an identical band pattern independently of the

carboxypeptidase B incubation. 1EF marker bands can be found at 8.8 kDa and 8.6 kDa.
30

FIGURE 10: DETECTION OF C-TERMINAL LYSINE BY LC-MS

For the isotype IgG4 (+lysine) (= IgG4-wild-type) the proportion of heavy chain (HC) with

C-terminal lysine is 20% (light-grey bar HC with lysing), in the Variant lgG4 (-lysine) (=C-

-12-



modified using-gtapsar@tachniques such as site-specific mutagenesis or PCR-mediated mutagenesis.
30By "coding” is meant the property or capacity of a specific 2&g\IBARE SR SETeRIRIBS Frabhifelid<Eeid,

for example a gene in a chromosome or an mRNA, to act as a matrix for the synthesis of other
polymers and macromolecules such as for example rRNA, tRNA, mRNA, other RNA molecules, cDNA
or polypeptides in a biological process. Accordingly, a gene codes for a protein if the desired protein is
produced in a cell or another biological system by transcription and subsequent translation of the
MRNA. Both the coding strand whose nucleotide sequence is identical to the mRNA sequence and is

normally also @ikainan IgsiaERISISRAIRNS it 609 % MBle %5;% nd also the non-coding strand of
a gene or ch}lé W, i&pa%%ﬁ@t\%mt% o'r transcriptioﬁf?nﬁé bg r%e e%gar%%[‘s g‘fdﬁﬁa%ﬁ’gg% ?froduct
[ [ |

or protein. A nucleicac rél‘eprotein also includes nucleic acids which have a different
order of nucleotide sequence on the basis of the degenerate genetic code but result in the same

amino acid segjgrmee 9f the proteiggyﬂﬁlgiﬁ%&iq)geﬂ_l@rzggﬁéﬁbc@gg%}&)éﬁroteins may also contain
cids wWRich ar

introns. 10The term "cDNA" denates deoxyribonucleic a ed by reverse
transcription At AR S5 1BR 00N D R Je & et EBinRNreok atemRNADerdecet iR a
gene. If the cDNAdszrestintimvdrdooblpspisapdet BNAMalesup d-raatains Hoiha codingand a
non-coding sﬁr@@gag_@%{gggﬂq%%}no(ghlgth‘as]t §r10t ns/polypeptides with a biopharmaceutica
significance include for example antibodies or iMmunbfoBRTR, Enk§hieS tWakmteuyhpRdienes,
adhesion molR&IE8 R HAsBHblienvdines showsahmentsctierdothbuizzie peiiresdiciey Hereto.
20 Generally tethipolypepidesedlisA-3CLRs FORRISIE R AgPRiSE and/or have therapeutic or
diagnos;iac apg&lbcr?oti NRdNe Ol\gv% used. Other r@teins%f interest aﬁre@gﬁ e&;é%sféq %%ﬁ%?pﬁ%ﬁ%ptides,
which are usedto ¢ anget SPPSIEANIR Foleckausnaak armadchplowrSelcalled "Cell Engineering’,
such as e.g. anti-apoptotic proteins, chaperones, metabolic enzymes, glycosylation enzymes and the
derivatives orfragraenis thereof, byl 2apiie ARY{BRIeA FE € rm -polypeptides” is used for
amino acid s %u%ﬁes or proteins and refers to gﬁymers_ o%?n%’i%@éi [(T#gmgl g‘ﬂ?"f‘ﬁs term also
includes proteiH& WHTEHITR/d I5RMRABIRNEY GoemiBrLion ey eeaytotbalcbhain glf egsagion,
phosphorylati§h®MS (IgG4 WT: dotted (top) line and IgG4-Lys: continuous (bottom) line). After -
15 reduction and chromatographic separation, the guantitative amount of the heavy chain

with C-terminal lysine (HC 1 — 447 with lysine) or without lysine (HC 1 -~ 446 without

lysine} was determined. The arrows indicate the mass shift caused by lysine cleavage

dependent on the glycosylation state. Marked peaks characterise glycosylations of the

heavy chain{(black: HC with C-terminal lysine, grey background: HC without C-terminal
20 lysine),

DETAILED DESCRIPTION OF THE INVENTION

DEFINITIONS

Terms and designations used within the scope of this description of the .invention have the
25 following meanings defined hereinafter. The general terms "containing" or "contains"

includes the more specific term "consisting of". Moreover, the ferms "single number" and
"plurality” are not used restrictively.

The term "titre” is a statement of the product concentration in a defined volume, e.g.
30 ng/mbL, mg/mt, mg/L, g/L.

The term "specific productivity” refers to the amount of protein produced by the cell, in pg

per cell and per day. It is calculated using the formula pg/((Ct-Co) t/ In (Ct-Co)), where Co

and Ct indicate the number of celis on seeding or harvesting and t is the cultivation period.

13-



30 acetylationmypreigipggrocessing. The structure of the polypeptide may be modified, for example, by
substitutions, deletions or insertions of amino acids and fusi()x?lgev&fﬂgng%Qe&?if%i%WﬂI@"F@t’éiﬁiﬁg*ﬁ%

biological activity. In addition, the polypeptides may multimerise and form homo- and heteromers.
"Immunoglobulins”, or "antibodies" are proteins selected from among the globulins, which are formed
as a reaction of the host organism to a foreign substance (= antigen) from differentiated B-lymphocytes
(plasma cells). They serve to defend specifically against these foreign substances. There are various
classes of immunoglobulins: IgA, 1gD, IgE, 5IgG, IgM, IgY, IgW. The terms immunoglobulin and

antibody are USedtertertiieidyeablyivbxanspiRseih j ihpdi manoclonal, polyclonal,
multispecific %rég ' ?15 %' antibodies or immu&ggd{éa‘o%%ﬁj&gs@%qﬁgg%e%r% Pﬁ%rggk gﬁ'&ﬁﬁzﬁ ?épr
example Fab, Faﬁggab ?2,@%“&%8%%’5&%%m§m@ﬁﬁﬂ Rrisfe &g immunoglobulin chains and
the 10 constaredustinBcentglivrveliatieiegioosaharpaf asloebasivaidd RN Tl NEe
antibodies mapfeengih BHMSRP LA - ig) [ and chimeric antibodies are also
possible. FabWa merl% fraé)mer%’?ﬂe?}%%‘g?r:gz%lg ) @%ﬁ%?s‘?ts of fﬁrg\?grigﬁ'ewgé‘?ﬂfﬁét\ow%ﬁr 15
Thaiy E"ée’iﬁ P HECAS e it EBHSRIsCRiAtRR. detegtiomyfdbeptidagied factexgmple

chains which ar
from conventifriaeapriteiodsinyriecstig it m@@@@ﬁ}ﬁr@ﬂtﬁb@%@%‘s%ﬁwgy&?’88}3903%‘5‘%“
i t

antibody fragmgnts &is,F( f s Wwhich can be produced by proteolytic digestion with pepsin.
20By gene cloninﬁit i? éls%pg%ﬁg %?fﬁeé\gré Sﬁgﬁféeﬁg nBESAY frRY niehtSwiderNdnsit &My of

the variable r&fiG griieER vy (VH) and light chain (VL). These are known as Fv fragments
(fragment variable = fragment of the variable part). As covalent binding via the cysteine groups of the
constan;ocha@grjg 89&1’9&%@6 in these Fv fragments, they are often stabilised by some other method.
For this purpose the variablé regions of the heavy 25 and light chains are often joined together by
means of a shift PEpedef fiatpieshtoohiaioed 10 theCeapninsiacidecpretesabiidd amine asidssdiis
produces a siiaghe iy ReRikisosha gk i 0] together eptide linker. Such
antibody fragments ar aéso refer?e%%%@%%ﬁ%g%g#pﬁﬁ%gr@gr%tss? sc%%?%?gr#di%gﬂ?ﬁ%cﬁe

antibodies aré RRofR &t SEsHiBUE! 30 INIeaes Y oiroonrially aratetsivs haletutiss dpeplifredfor

producing mimigneit scRiederiivatihesedine Hotesvien istapragy o rRAMSINARaRLLEES Wik,

mlimerisatir S Sk nab o preann ATt RaP R RN RHed echein ifosion sen or as

a labelled gene. It may be genomic DNA or preferably cDNA or corresponding fragments

or fusions. The gene of interest may be the native gene sequence, or it may be mutated

or otherwise modified. Such modifications include codon optimisations for adapting fo a

particular host cell and humanisation. The gene of interest may, for example, code for a

20  secreted, cyloplasmic, nuclear-located, membrane-bound or cell surface-bound
polypeptide.

The term "nucleic acid”, "nucleotide sequence” or "nucleic acid sequence” indicates an
oligonucieotide, nucleotides, polynucleotides and fragments thereof as well as DNA or
25 RNA of genomic or synthetic origin which occur as single or double strands and can
represent the coding or non-coding strand of a gene. Nucleic acid sequences may be

modified using standard techniques such as site-specific mutagenesis or PCR-mediated
mutagenesis.

30 By "coding” is meant the property or capacity of a specific sequence of nucleotides in a
nucieic acid, for example a gehe in a chromosome or an MRNA, to act as a matrix for the
synthesis of other polymers and macromolecules such as for example rRNA, tRNA,
mRNA, other RNA molecules, cDNA or polypeptides in a biological process. Accordingly,
a gene codes for a protein if the desired protein is produced in a cell or another biological

14~



multimerisatio inscFhe multimerisation domains may e%o.r example, the CH3 region of an IgG
or helix structlﬁ?so%?gﬁse%ioil structures") such as the Leuci%g 1y 8&88%7 sti?fl‘ﬁrBﬁwg‘We%‘?é%Gthe
interactions between the VH and VL regions of the scFv fragment are used for multlmerlsatlon (e.g.
dia-, tri- and pentabodies). 5 The term "diabody" is used in the art to denote a blyalent _homodlmerlc
scFv derivative. Shortening the peptide linker in the scFv molecule to 5 to 10 amino aqlgls results in the
formation of homodimers by superimposing VH/VL chains. The diabodie; may addlt!onally be
stabilised by inserted disulphide bridges. Examples of diabod.ies can be |%foqndt_|n the Iltersailuge(.) T;e
"mini ' i [ [ e ive.
term "minibodyystensed irtieripticd slenetese kAR NSO TSRS SERdeEya I%ﬁ%g%&% Sg:frgpeo{erably

i [ j I8 ' f oglobulin,  preferably '
1601, a6 dmenaton e A T Ol S P e P A segiaierto o
IgG, and a linkbFeaRSISeTMfam 8 ab dyBiscuseehBetiie antitelstetretechtty@ifNsRaTaQsTIasiEeSCFV

derivative. Therdi@qiafugiah f i | ence leads to the formation of
rmers, 20 T [aaonts Kaown 1 D6 o 1t A Wk b . B
structure are 5180 GaraRi e bf &EW%@ﬁ%ﬁt%’?"ﬁﬁecﬂﬁﬂﬁﬁ%r%ﬁﬁﬁ%%mlww mskeis afids-, tri-
or tetrameric ¥6iled belestudiliees)t2Gieepal atinfeofitxpeariatey eplars assasdinaie Hedaveaiion :
genetic code but result in the same amino acid sequence of the protein. Nucleic acid

sequences which code for proteins may aiso contain introns.

16 The term "cDNA" denotes deoxyribonucieic acids which are prepared by reverse
transcription and synthesis of the second DNA strand from a mRNA or other RNA
produced from a gene. if the cDNA is present as a double stranded DNA molecule it
contains both a coding and a non-coding strand.

15 Protein/Product of Interest

Proteins/polypeptides with a biopharmaceutical significance include for example
antibodies or immunoglobulins, enzymes, cytokines, lymphokines, adhesion molecules,
receptors and the derivatives or fragments thereof, but are not restricted thereto.
20 Generally, ali polypeptides which act as agonists or antagonists and/or have therapeutic
or diagnostic applications may be used. Other proteins of interest are, for example,
proteins/polypeptides, which are used to change the properties of host cells within the
scope of so-called "Cell Engineering”, such as e.g. anti-apoptotic proteins, chaperones,
metabolic enzymes, glycosylation enzymes and the derivatives or fragments thereof, but
25  are not restricted thereto.

The term "polypeptides” is used for amino acid sequences or proteins and refers to
polymers of amino acids of any length. This term also includes proteins which have been
modified post-translationally by reactions such as glycosylation, phosphorylation,

30 acetylation or protein processing. The structure of the polypeptide may be modified, for
example, by substitutions, deletions or insertions of amino acids and fusion with other
proteins while retaining its biological activity. In addition, the polypeptides may
multimerise and form homo- and heteromers.

-15-



The expressigrveetarmerording to the invention may theorgfically be n red. by conventjqnal
methods known in the art. There is also a description of the functiosr%il c%%ﬂgggn%rﬁ 46 %an\}tré}(-:’t(%‘)rggl %F.(g(‘:'

suitable promoters, enhancers, termination and polyadenylation signals, antibiotic resistance genes,
selectable markers, replication 30 starting points and splicing signals. Conventional cloning vectors -
may be used to produce them, e.g. plasmids, bacteriophages, phagemids, cosmids or viral vectors
such as baculovirus, retroviruses, adenoviruses, adeno-associated viruses and herpes simplex virus,
as well as synthetic or artificial chromosomes or mini-chromosomes. The eukaryotic expression
vectors typicaliyratsoogmitaingirokdaptitiodiesluane prosiet astebtsd B Rtie RIS IILARTIRRe
antibiotic resi eraen ' icali .selection of the vector in bacteria. A number of
eukaryotic ex%%ggion vegcécﬁ?%r]ﬁc H&ﬁ?ﬁ%ﬂ%%%?&p%g%ﬁ%%ﬁa %i?géefgptﬁ@ﬁ&%‘ﬁﬁl&ﬁcﬁ%@%n) from

polynucleotide EGHEREE HWnpins et Giasemagiss diteineercertimdetsatly spanificatipusyaprtpanies
such as StrattigssdoteghJalisstéred) ST dryisia0RMcGRERRREs GANRAGIEBTRIR: i%ﬁdligﬁ,n! Wi, USA
e ge

or BD Bigsci ntech, Palo Alto, CA, USA. Fundamentally, the expression o hes within

an expre%sioig\%j?ﬁ'onl?gig%a;'ﬁ&%elegm?ﬂﬁ]é"ﬁ%ﬁgH8RQ'BF%?@H%/£‘?§@[&W%mt@r.chﬁéﬁéﬁlﬂ%

transcription unit is defined as a 10 region which contains one or more genes to be transcribed. The

genes within exaafReSIRIAREBYRiR TrainnalaHo kedhin.ane angiisr g sueha way that all the genes

within such a %J}nit are %B er the transcriptional control of thegs’aﬂgé’%?r%{n@fbtﬁw%'rs FOMOtar eﬂﬂ%?ﬁcer. As
|

a result of thi§ FAhEBRBRSI ALY SIeREINS, gRd tHaRBRRIHBRIGPD Syb i feranXseplsnSatibed
from a transdrigtlofi(abik.aficizhd s eXprgseets, Hach L) aritansaviptionivaiLeenENDmtbeiag Watans

elements, whj [ translation of t ene_seguences contained
therein.%ach%%?&ﬂﬁ%@%ﬁlﬁ??m{ y coé?ﬁ%%h%@gﬁg %err | éﬂrsér\%erliaaﬁla\’c%&e ShEAAT9RE S Kigments
or introns maABROGRSITSY thE RINAHARI FnRATYBIES gaaies Withieaisesraaistionevicita B0 s
expression verieisoapsmitain a single transcription unit for expressing the gene (or genes) of interest
and selectable marker genes, for example. Alternatively, these genes may also be arranged in two or
more transcription units. Various combinations of the genes within a transcription unit are possible. In

another embba@infesregntse(frasesntiantigiorbmdng tharebh eangiressitie veduscoagistismphbone, two
or moreransadonnich bYALRARANBPSY ek BAdRAR EaldFALABRLECHRN a0 1) BUCERRRING
g

transfections,in ar%\%gezi ed order. Any combination of regulatory elements a es 8rr10e5%%dvector

can be selecﬁ%‘aeﬁ W HYEGaTE BpRRdiRsPyipRtna BT B RSPIeAREsSUChIRSLPGRAIN e dyssary,
other regulatdNAetioniegts @titbyentimdy ragditionalegriaes). of iR st aHselesialble prodkeEs Byay be

positioned ogﬂg%wgﬁg%ﬁ%ﬁﬂrge&g#ost cells: For transfection with the expression vector
according to the invention eukaryotic host cells are used, preferably mammalian cells and more

particularly rodent cells such as mouse, rat and hamster cell lines. The successful transfection of the
correspondirBy eglis: withiag it is alse possibie to prepare shortened antibody fragments which consist

only of the variable regions of the heavy (VH) and light chain (VL). These are known as
Fv fragments (fragment variable = fragment of the variable part). As covalent binding via
the cysteine groups of the constant chains is not possible in these Fv fragments, they are
often stabilised by some other method. For this purpose the variable regions of the heavy

25 and fight chains are often joined together by means of a short peptide fragment of about
10 to 30 amino acids, preferably 15 amino acids. This produces a single polypeptide
chain in which VH and VL are joined together by a peptide linker. Such antibody
fragments are also referred to as single chain Fv fragments (scFv). Examples of scFv
antibodies are known and described. -

30
In past years various strategies have been developed for producing multimeric scFv
derivatives.  The intention is fo produce recombinant antibodies with improved
pharmacokinetic properties and increased binding avidity. In order to achieve the
multimerisation of the scFv fragments they are produced as fusion proteins with
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expression veptaraeaasding to the invention results in transfgg%gppogrqneti ally modified, recombinant
n

ton. BreteiddHEg FaRHAnES

or transgenic cells, which are also the subject of the present invent
purposes of the invention are hamster cells such as BHK21, 5 BHK TK-, CHO, CHO-K1, CHO-DUKX,
CHO-DUKX 61 and CHO-0G44 cells or derivatives/descendants of these cell lines. Particularly
preferred are CHO-DG44, CHODUKX, CHO-K1 and BHK21 cells, particularly CHO-DG44 and
CHO-DUKX cells. Also suitable are myeloma cells from the mouse, preferably NSO and Sp210 cells
and derivatives/descendants of these cell lines. However, derivatives and descendants of 10 these

cells, other mamiradsatielsdociaiing tmbﬂﬂbﬂﬁﬁgﬂ@,@%ﬁowdiﬂ@%ﬁg%?gﬁg%:ﬁ%;éﬁﬁe%ngeﬁ,

rodents, or e tic cells. Aincluding but not restricted to yeast, insec ant cells, may also
be used as hos %ﬂl? fgﬁt ed’ p%%%@ﬁonr% qf‘)'fg ﬁﬁ%@&ﬁfﬁéﬁf‘&%\@%%.%ﬁ*@ i SRUSIBA SippRs
eukaryotic hoSPE@Rswilh alhssigiiatesisribeinteredibtrebetpeessive VEckars UceasHing ¢0 fhedavention
is carried out fygeesnent QRaEME thRMImSEEARIC B8 thads Al Q@Bmgggd;g%ude for example

liposome-mediated transfection, calcium phosphateé coprecipitation, electroporation, polycation- (e.qg.
DEAE dextran)-rnediated transfection, protoplast fusion, microinjection and viral infections. According
to the 20 invehiiesmatitiatredyTdstiszedsipribimbly cernid aulialehichMRIBRIETHOLS JEHEIRRY
integrated intgﬁggegﬁ@m@ Ethadeskselhak ific] ro me/{minichromosome, or are
episomally caontained in tat?leyrananner in the ﬁ(r)gs(%r ge}ﬁbié};ég ?ra{%g‘?segtiﬁi ARy L dhe

optimum tranSTEeR GBI Sx e seiRe BmaRsiRBLeYbldgouehginse in The hdisboeliein qusstion is

preferred. Byatefitoly bocsteiséser ngeinsceryioapridd iiegeed naioss ldadslpero g a
"heterolq(gou%%ggqﬁﬂgeei;tglramﬁéerologous gene" in relation to the host cell. This applies even It the
sequence to be introduced or the gene to be introduced is identical to an endogenous sequence or an
endogenous gene of the host cell. For example, a hamster actin gene introduced into a hamster host

cell is by defilliioarhetemiogpus g@@@-fﬁ@nméhﬁid%%iéiQ%&Q&%‘F%ﬁ%%é}% rmelic, proteins
such as e.g. m%gggj nal Pntl odies (frﬁf% the transfection of suitable host cells can theoretically be
carried out by two dﬁsérgn Mty E RIRAE W8S Er &0 riid sEgisR 0h R HE st remobiin, the

heavy and lighettiaits |@Sensewopiatyfabiihex®s dsuditsnagibe aetemmudateshiingdanengdgnt or
multicisteoniGiEaRePHY A WRHS %ﬁﬁiﬁglﬁe&@%@fgo%gmghé%hdtg‘ﬁrﬁ%ﬁ €gell is then transfected. This is

intended to secure the stoichiometric representation of the 'genes after m?e'%ﬂation into the genome of

the host cell, However, in the case of independent transcription units it must hereby be ensured that

the mRNAs Whickeenciriibtdy diffesat i5 Peoteins disiey hersaae ssakiivnand dansqrntignal and

translational gfficiency - l0.the.s¢L0 expression of the genes take place withina

muIticistroniq{ 'granscriptiorﬂ uﬁ?t g&?rr?ga@%{'] g}ﬁlena% Sro%ﬁg@?faﬁ?éqb?ﬂ% 8t andbRderERliones.
rimers.

20

The fragments known in the art as mini antibodies which have a bi-, trl- or tetravalent
structure are also derivatives of scFv fragments. The multimerisation is achieved by
means of di-, tri- or tetrameric coiled coil structures.

25 Preparation of expression vectors according to the invention :
The expression vector according to the invention may theoretically be prepared by
conventional methods known in the art. There is also a description of the functional
components of a vector, e.g. suitable promoters, enhancers, termination and
polyadenylation signals, antibiotic resistance genes, selectable markers, replication

30 starting points and splicing signals. Conventional cloning vectors may be used to produce
them, s.g. ptas_mids, bacteriophages, phagemids, cosmids or viral vectors such as
baculovirus, retroviruses, adenoviruses, adeno-associated viruses and herpes simplex
virus, as well as synthetic or artificial chromosomes or mini-chromosomes. The
eukaryotic expression vectors typically also contain prokaryotic sequences such as, for
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By using IRESgleprnig;a highly efficient internal translation, injtiation of the genes is _jo obtained in
the second and subsequent cistrons. However, the expressi%ﬁerlgfré%efé?%%’@ EIRHBRCRE TSR ifan

that of the first cistron, the translation initiation of which, by means of a so-called "cap"-dependent
pre-initiation complex, is substantially more efficient than IRES-dependent translation initiation. In
order to achieve a truly equimolar expression of the cistrons, additional inter-cistronic elements may be
introduced, for example, which 15ensure uniform expression rates in conjunction with the IRES
elements. Another possible way of simultaneously producing a number of heterologous proteins, which

is preferred aezandify teheativrentign iseouanNsiRctiQRdRMR eparately integrated
in different exgé%%%'@p gpﬁggrs. This@hag tf}g adi/eknta e Ehat@g%ﬁ%g%ﬂgic%@ﬁs cﬁr'é;g?{érs] gﬂg gene
t

products to one another can BeLRi G BReby bAARER oGt ATy ifrereriession trectarsnmbistability

and in the effé98HE) BRUERIR el Siied fraribtatitodLTtmdifenp i expEEEs B IR SRS HINS
stable becausg@tbhed 1§ es@ﬁaai%ag@ﬂqﬁé}@{ | ring cloning and.during transfection.
25In one 5parttij:ldlar Smb @ent of the invention,a Eﬁeﬁ%ﬁé%&%@@% gsa% aoaaﬁ(tj%gﬁ% ?%é‘f@cted,
preferably co At ed Y h'BHE WS rofeallelesrstHhvirgAjeRexmeamhMadiedar Ve dBMmare BEher

proteins of inf¥irssientas GhetenbcidalorAlectOrs Usad for the cotransfection code, for example, for the
other protein or proteins of interest under the control of the same promoter, preferably under the
control of the same 30promoter/enhancer combination, and for at least one selectable marker, e.g.
dihydrofolate TWRRTEHAK b @ pesieurirtaemprisimeibior ancsvension teethpstamelskerelace

co-transfectestaniitigaftdenshbmsr endiay YRIHE XSS AR Vet i WBEOQJ & NVOMFEQS: o

containipg atr[%qgﬁ %?Cgeggnygmchocnoed%s for at least the protein of interest, wnile the other vector
contains one OF more nucleic acids according 18 A& RtBA ifaify®fAbinANBngpeRstidvtEinda

orientation, affN&FRIIRAIY st & dereesimedy lérisidotrecgeranofriatenesticans whgseatugleiscagidies
according to #iin¥gerianuimnad (heisRBSEIRIABI S XRIRTIgPRIRaNG! %go%%it\éi}%r promoter/
enhancer. As a result of this transcriptional linking of genes, more than one protein or
product can be transcribed from a transcription unit and thus expressed. Each
16 ftranscription unit contains the regulatory elements which are necessary for the
transcription and translation of the gene sequences contained therein, Each transcription
unit may contain the same or different regulatory elements. IRES elements or introns may

be used for the functional linking of the genes within a transcription unit.

20  The expression vector may contain a single transcription unit for expressing the gene (or
genes) of interest and selectable marker genes, for exampie. Alternatively, these genes
may also be arranged in two or more transcription units. Various combinations of the
genes within a transcription unit are possible. In another embodiment of the present
invention more than one expression vector consisting of one, two or more transcription

25 units may be inserted in a host cell by cotransfection or in successive transfections in any
desired order. Any combination of regulatory elements and genes on each vector can be
selected provided that adequate expression of the transcription units is ensured. |If
necessary, other regulatory elements and genes, e.g. additional genes of interest or
selectable markers, may be positioned on the expression vectors.

30
Host cells: ,

For transfection with the expression vector according to the invention eukaryotic host cells
are used, preferably mammalian celis and more particularly rodent ceils such as mouse,
rat and hamster cell lines. The successful transfection of the corresponding cells with an
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' [ - -1 tion with
5to the genesmfinterpskwhich are located on the other co trE?n%fected' vector, by co- integra
the other vector. According to the invention the host cells aré preferably LB 2Bl SHEC

cultivated under serum-free conditions, optionally in media which are free from anima] 10
proteins/peptides. Examples of commercially obtainable media include Ha_m's F12 (Slgm_a,
Deisenhofen, DE), RPMI-1640 (Sigma), Dulbecco’'s Modified Eagle's Medlum_ (DMEM,; Slgr_na),
Minimal Essential Medium (MEM; Sigma), Iscove's Modified Dulbecco's Medium (IMDM; Slg_ma),
CD-CHO (Invitrogen, Carlsbad, CA, USA), CHO-S-SFMII (Invitrogen), serum-free CHO-Medium

(Sigma) and Imqw@issfmevé‘dt@dd@@i@iﬁg(ﬁi@ﬁ@ahvérﬁim&iéhﬁst?aﬂ%?&jﬁ%?g& orﬁgéﬂg)‘ﬂtﬁ)’gﬁi?nd'

I t ith vari ounds, e.g. hormones and/or other growt ' : )
e B e e e i,
magnesium, phosphate), buffers (e.g. HEPES), nucleosides (e.g. adenosine, thymidine), glutamln_e,
glucose or otfwstestaly kel N R BLINEUES BAOTIBRIASIoRS, Alhouan serum fiog media 20
are preferred Igor.ij' g e invention, the host cells may also be cultivate usﬁ%@c agi Pﬁ%(l,h have
been mixed with a Slﬁa&?ggmﬁﬁﬁéfgerﬁh’pﬁ%ﬁ%r @H@én@ﬁceﬂl}ﬂ ot sastisctor
express one Oetivatvasitiestanidantarkbtrggeslianenr PMI%LSQ@CBF@#@H? %h@@@t%@g?fu%él of

[ iseledti - tg a.substa [ ects.the grow
st ells Wil oy o T2 B B A el B S P o KBoBelBf thbpresent

host cells with a deficiency for the selectable .
invention, gefdiRRAIP(GIRLETYS Rretercally drasel SRethaawealiupresaidhlye NGOt hendeBnion cfllketerelogous

ost el et e ansfec i a8 ot S0 P e e 10 B S BEIE eres
host cel S with a,number Xpression vectors, e.g. \

a?j ttc(): %Lﬁ igg%?g%@%éﬁ%%%]ﬁw@ e %?tﬁ Eéﬂ,“?ﬁﬁ‘ﬁi}% QHEFQV%%W@@%@&?J'S@@&QBIEtméﬂ@er |
genes. A "selBé@blatinarrakexnaoiisatgene whmigcmibomshmsmﬁmti;c [nelectionsvicelis whisksgontain
this gene by i addilien e sareRASIRASEREIRY ageRt i the qullvation. medium, As an

i [ . antibiotic resistance gene may be used as a positive
Hlustration, agsoap%ét?'ln(%aceutfscaf pi‘Oteth. y

15 The transfection of the eukaryotic host c_;e!is with a polynucleotide or one of the expression
vectors according to the invention is carried out by conventional methods. Suitable
methods of transfection include for example liposome-mediated transfection, calcium
phosphate coprecipitation, electroporation, polycation- (e.9. DEAE dextran)-mediated
transfection, protoplast fusion, microinjection and viral infections. According to the

20 invention stable transfection is preferably carried out in which the constructs are either
integrated into the genome of the host cell or an artificial chromosome/minichromosome,
or are episomally contained in stable manner in the host cell. The transfection method
which gives the optimum transfection frequency and expression of the heterologous gene
in the host cell in question is preferred. By definition, every sequence or every gene -

25 inserted in a host cell is referred to as a "heterologous sequence" or "heterologous gene"
in relation to the host cell. This applies even if the sequence to be introduced or the gene
to be introduced is identical to an endogenous sequence or an endogenous gene of the
host cell. For example, a hamster actin gene introduced into a hamster host cell is by
definition a heterologous gene.

30
In the recombinant production of heteromeric proteins such as e.g. monocional antibodies
(mADb), the transfection of suitable host cells can theoretically be carried out by two
different methods. mAb's of this kind are composed of a number of subunits, the heavy
and light chains. Genes coding for these subunits may be accommodated in independent
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selectable mapkerz©nlycells which have been transformed with) this gene are able to grow in the
presence of the corresponding antibiotic and thus be selected. Unt Snf}%%’%eé%l %E?Irsnf%g %&é@ﬁ%nd,

are unable to grow or survive under these selection conditions. 5 There are positive, negative and
bifunctional selectable markers. Positive selectable markers permit the selection and hence
enrichment of transformed cells by conferring resistance to the selecting agent or by compensating for
a metabolic or catabolic defect in the host cell. By contrast, cells which have received the gene for the
selectable marker can be selectively eliminated by negative selectable markers. An example of this is

the 10 thymidinekificisteogém & afstriptiter nestsS on piesingiy oIS KBS SIP R fdichsineqlls with, the
simultaneous;agdition.of Iquir lQyir leads to,the elimipation thereof, The selectable
markers usedt in this %geiﬁ%{néq %rlulzrlﬁé ing th¥e8 §r¥%ﬁﬁa%‘l% %t&‘ge{:‘fgﬂ%{;r‘ﬁd’ﬁ@@%ﬁm Yelhtigangs
modified mutAHE AHETAHem IS ifhRanemrinitibadiasy ekl¢eeterivativescammslogiesanshfusions
with other prateirpipeptidesi proyidestdbpbitendaapipiohle ARl IFfRINS a8 Rl Rgualiies
Such dergvatigg&%j%p@gp?agrﬁggeggble r omﬂlo%éjdrhthe amino acid sequence in the regions or domains
which aré deémed to be seleciive: TRe Ieratu BERBRtignal ot aiskationsb i miribe genes
including bifufRERIHaFASEsilicemiptrasian) nidhecgsnExdaiplemo setrriableumartessinviigh arstigaually
e ool ek R TR T AT DAY e NP RGNS rase 20 (A

hygromycine phosphostransferase (HYG), dihydrofolate reductase , thymidine kinase (TK),
glutamine synthetase, asparagin synthetase and genes which confer resistance to neomycin (0418),

puromycin, hiéfidisiogDREI crieyoémiphiebinlygirsiod mepesina Sfnphiah tasleraleMaykarGene: In

addition,the rgi i Rtionally. also be subjected to one or more gene
amplifomion S e S R US\E Jh g saenthce 088 o

amplification P8 ASiRYsE takHabnt thfiel grtrm, SeTrangstieniisiatds tiatiiod, Hnstealis are
addiionally toiesfestasloniteaptaspentioh pasleriseatampliohs sslesiably markermlifs conreivable
for the gene }%E'gljd%%%ﬁgef&rt?nng]g}%ifi?tf)lig selecl}zélbl marker o be present on one of the expression
vectors according {6 The Invention-or tb Baartrbdlb 8IS ARG 24 eridanib eEproRRRN et tor,
The amplifiablé Sé3Eensm|adains deine cisvaly etefeeriisr aayehezy mizoshiel iSsresdrapier thegrowth of
eukanyaic ceiuedanmeRriaiR G RIS FXA TR RaEReAmplfble selectable marker

gene may code for dihydrofolate reductase (DHFR). In this 5 case the gene’is amplified if a host cell
transfected therewith is cultivated in the presence of the selecting agent methotrexate (MTX).
Another possible way of simultaneously producing a number of heterologous proteins,

which is preferred according to the invention, is cotransfection, in which the genes are
separately integrated in different expression vectors. This has the advantage that certain

20 proportions of genes and gene products to one another can be selected, thereby
balancing out any differences in the mRNA stability and in the efficiency of transcription
and translation. In addition, the expression vectors are more stabie because of their small
size and are easier o handle both during cloning and during transfection.

25 In one particular embodiment of the invention, therefore, the host cells are additionally
transfected, preferably cotransfected, with one or more vectors having genes which code
for one or more other proteins of interest. The other vector or vectors used for the
cotransfection code, for example, for the other protein or proteins of interest under the
control of the same promoter, preferably under the confrol of the same

30 promoter/enhancer combination, and for at least one selectable marker, e.g. dihydrofolate
reductase.

In another particular embodiment of the invention the host cells are co-transfected with at
least two eukaryotic expression vectors, at least one of the two vectors containing at ieast
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The DHFR mankeris4pacticularly suitable for the selection a"é’oéH@EEﬂHl ot amedificati en usi
DI-IFR-negative basic cells such as CHO-DG44 or CHO-DUKX, as thes%e cells grnmoa{ogg(n\g%é;&o Kr}’g

endogenous DHFR and therefore do not grow in purine-free medium. io Consequently, the DHFR
gene may be used here as a dominant selectable marker and the transformed cells are selected in
hypoxanthine/ thymidine-free medium. Other amplifiable selectable marker genes which may be used
according to the invention are for example glutamine-synthetase, methallothioneine,
adenosine-deaminase, AMP- deaminase, UMP-synthase,

xanthine-guagitfe gsiesphishbusidt dorsitiasst dhel thyiidiletentdLsyNiNease GREERHBESSINY;ANd

selection of high- oG Noskceliss T, "gene expression” or "expression” relates to the
transcription and/or iranslation of a hgtérz;oﬁégfo ggcel%rlii%e sequendeth %\nﬁocsg’% f2PRe Sa5tetichtate

can be gener3i§"EY YL A% RREPNETK @ onoeren deisbianst guararpobtterspb it thedeNiandtich is
present in theabidstazebrairgnisheedinsihebihe sarR MY P5ESARHERIYC dWhichIs-e ed by
the geneof i%et{.ﬁgt. EHSSQBPE i[g/reosftmlﬁ.l\% é)lrggli%%g%qbé transcri tionéci)? %(ésge@g?gﬁé r?‘t?cl%o#gﬁ f?y
sequence can be de%ermllned or exampie by fort Bt Kb AtIERFERI 3 sEeRIBR X8EtRINAYpRBtection,
in situ hybrid S48 tENIThIkerriaroeBipPCR methods 25 (e.g. quantitative PCR). Proteins which are

encoded by a selected nucleotide sequence can also be determined by various methods such as, for
example, ELI é% R otein A HPLC, western blot, radioimmunoassay, immunoprecipitation, detection of

the biological activi E{/“‘E)ftfhet ofYRHR e Seshingst ate prertare b ReibishEh GSlapiey senor
fluorescenceawiévaiscopydeireetudetestian nditohsorasteniliprateicbr RS aralysis R5R0HMaIescence
microscepy. JByietRs itre Clipity” | he increase in expression, synthesis or
secretion of f he?erc{ ogp%%ieqm%ﬁ%@ %%rébzu%g'dﬁ?ﬂ%ggﬁ os%b(%'ﬁ], or eX: E%ié Lﬁ’%eﬁé’@@diﬁbzfor a

therapeutic profe: by erRPaRSe PRikn RRAHARE dSigren)foPulkansole Matiiind [Fragis!s dstiam
wild-type pro{BMEWh 31 isa)) avisisen Bt 0f=pIIHRHNItVIE M CEIbARIOTSIBGS TRSINYEHiaRdsgtivated
according to ﬁég@@O?iﬁmrdQ%rﬁ% th%ﬁ;\@%orgd\g?cribed ere, and if this cell has at least a 10%
increase in specific productivity or Hre Crhgtiqs UNETogena & &or BfodHS Yty #HEQS1 I rding to
the inventio RVHNeeale SYEEHTHRGgRDQ-Methad 4Sigondingrto tiretaivdrio CidOskidbramheseymagy if this
cell hasiat legatir 20%hsyeatieant PH% (FWASLON j cific.productivity gr.titre. There is
also in particr%{l)%rn i(glcrea}ajg’g titr or%dggﬁﬂgﬁfefﬁﬁ%ﬁﬁg Qo%ﬁé il\rfl%fegn[%orggléq Eﬁ}lﬂﬂl%steg 9

according to' & method ateord Eogfﬂgtlf’h\f/% B6h G chprbnndrnsiprans grideemal growth factor,

insufin-like growth factor), salts (e.g. sodium chioride, calcium, magnesium, phosphate),
buffers (e.g. HEPES), nucleosides (e.g. adenosine, thymidine), glutamine, glucose or
other equivalent nutrients, antibiotics and/or frace elements. Although serum-free media

20  are preferred according to the invention, the host cells may also be cultivated using media
which have been mixed with a suitable amount of serum. In order to select genetically
modified cells which express one or more selectable marker genes, one or more selecting
agents are added {o the medium.

25 The term "selecting agent” refers to a substance which affects the growth or survival of
host cells with a deficiency for the selectable marker gene in question. Within the scope
of the present invention, geneticin (G418) is preferably used as the medium additive for
the selection of heterologous host cells which carry a wild-type or preferably a modified
neomycin phosphotransferase gene. If the host cells are to be transfected with a number

30 of expression vectors, e.g. if several genes of interest are to be separately introduced into
the host cell, they generally have different selectable marker genes, '

A "selectable marker gene" is a gene which allows the specific selection of cells which
contain this gene by the addition of a corresponding selecting agent to the cultivation
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has at least a g@r500Lpreferably 20-300%, particularly preferably 50-200% increase in 10specific
productivity or titre. An increased titre or productivity may bee%’o [IA&% BERNBR (7 8/ RmbHESCe K6

expression vectors according to the invention and also by using one of the processes according to the
invention. 15The corresponding processes may be combined with a FACS-assisted selection of
recombinant host cells which contain, as additional selectable marker, one or more fluorescent
proteins (e.g. GFP) or a cell surface marker. Other methods of obtaining increased expression, and a
combination of different methods may also be used, are based for example on the use of cis-active

elements for madipaiating the ahxarmaiin 23 SRastEl : SE, isalators, S/IMARS,
STAR elemergtgpe ?&Egen%]asr of (?fti!ficial transcri tifn%g?ggf%réja%rgeﬁt%ﬁﬁeuggﬁse\llvsltﬁ r%}ﬂ@?or
synthetic agents for up-regtﬁ%ng eHd® 5n‘88§$bﬁﬁ%‘l’eﬁ’&%g@é“@‘@ﬁ@éx\ﬂf@sﬂ?@ngﬁn@r@mn@théo
stability (half-BfEyVdRriiRNAebR ¢fibReForaspanding treibitiation ahrs B delsarsl Ao ASISASING the

gene dose byctig, use Bkef I L t e of viral sequences as 25replication
origins, e.g. Sc;&fﬁo pol o%ﬁcﬁ%@&%ﬁ?%@%ﬁgﬁ%ﬁ ?ﬁes jgg of g%prll %Sﬁosr??ﬁ%%ﬁﬁadé@ﬂ?ences
’ampli 'E%ti%?%/s@%?g% 512986 Y6n DR LilsHdianah spleRakiepreddress aumitlirg teltveabwention

or in vitro am

is a process imavherh peoohitction sdistiare S rapHeatedrathusedAaERMR BHANI G ?@r%ﬁdua
of interest. F ' | ing cells are preferably cultivated in a serum-free cllture
medium and%ﬁ%ﬁab%ﬁ%%s%&%%& Bcgz%ﬁ? r%rr}j%{ocgrmc%?ﬁf%@?% FfchreirbRiecprataraiofaiecydne of
interest. The PMARTGRIHUBYtaRtEscRl'p high higvebrtrbedrite teaedtr thbwedoediemasar

secreted geneaprodugiielétthepentainats € xprae§e6 WItBRIL A REFISHAR, Si Hae!xg%ﬁgvoefr ’ﬂtx%edgglpe

product mpay .pe isplated from cell lysates. In order to obtain a pure homogeneous p Swhich
is substﬁtiaﬁré@ réo&r%fcﬁae e oorﬁu]%ﬁ?rB?gtgiﬁyﬁ’l‘d"H&Et8@I%@ﬁ§?e@fﬁvbﬁhdﬁa@¢ii§riﬁ&htion
procedures aft¢ &fid@rrausrdtitPalhicalisiavid cefaiepds arestrin oy ek Eomibecpullidie snegiym or

lysate. The desised b 48REHF: - : aminating soluble proteins,
polypeptides.a Scleic aci é),qﬁg&,%@%ﬁﬁ%ﬁ%ﬁ@rﬁgﬁwﬁ@%a?f%’?%f}ﬁﬁfga??oﬁ%%%gﬁggqaﬁﬁ?ﬁns,

ethanol precfﬁé]gﬁpn,g%\?é o JRALESYPT iR tE nAs AR AlShy e BRRadectisitish equistients,
exchange regirivatiotsas @EAdgubte trat s eibieh wasubitie ihe Aenbcati sa bR N SRIQIAIPYS PRSI
expressad DydgepmlnARiA0SLEale fLednowr.to b aidlied manjosnd descrbed in he literature.
homology in the amino acid sequence in the regions or domains which are deemed to be
selective. The literature describes a large number of selectable marker genes including
bifunctional (positive/negative) markers. Examples of selectable markers which are
usually used in eukaryotic cells include the genes for aminoglycoside phosphotransferase
20 (APH), hygromycine phosphostransferase (HYG), dihydrofolate reductase (DHFR),
thymidine kinase (TK), glutamine synthetase, asparagin synthetase and genes which

confer resistance to neomycin (G418), puromycin, histidinol D, bleomycin, phleomycin and
zeocin.

25 Amplifiable Selectable Marker Gene:

In addition, the cells according to the invention may optionally also be subjected to one or
more gene ampilification steps in which they are cultivated in the presence of a selecting
agent which leads to amplification of an amplifiable selectable marker gene.

30
The prerequisite is that the host cells are additionally transfected with a gene' which codes
for an amplifiable selectable marker. it is conceivable for the gene which codes for an
amplifiable selectable marker to be present on one of the expression vectors according to
the invention or to be introduced into the host cell by means of another vector.

22



f interest of a cell,
The present inxgnsion. gelates to a method for increasing the fitre of a protein o
characterised in that 15a. in a nucleic acid sequence which cé(l) %s ﬁﬁ%%‘ﬁd%ﬁbﬂmﬁt@fa@# %Pfé'é@t

the codon which codes for the C-terminal amino acid is deleted, b. the cell is transfected with a vector,
which contains the modified nucleic acid from a) and c. the cell is cultivateq under conditions
that permit the production of the 20protein of interest. In particular th_e present inventl_on rglates to a
method for increasing the titre of an antibody of a cell characterised in that in a nucleic acid sequence,
which codes for the heavy chain of the antibody, at least the codon which code_s for the C-t.e-.rmlnal .
amino acid 25lysine is deIeted the cell is transfected with a vector which contains the modified nucleic
acid, and the ?R 5?71 ted 1er conditions that allow production of the antibody of interest. The
a

present invention pr era SO ol 0GR Srcemmymsnviiishuistvasdet doprotein
of interest of ﬂ"‘éeﬂf@h’;ﬁrdkft@m%éwmt@ha@liﬂ andecleiertatid aemusioaecshinbaode s dprdlgmirieiRef

erest, at leasdiveBR- UG R8RS 9565, Cyieaml ok M0 A s deeled e &%ggg{taggiﬁgd

ector, which contains the modified nucleic acid, and cellils cu tlva
\Fl)vét:]m?t\{he progugt%ﬁ %??ﬁéﬁp?g{g“fﬁg ifdast cell transfected therewith is cultivated in the presence

of the selecting agent methotrexate (MTX).

The DHFR marker is particularly suitable for the selsction and subsequent amplification

when using DHFR-negative basic cells such as CHO-DG44 or CHO-DUKX, as these cells

do not express endogenous DHFR and therefore do not grow in purine-free medium.
10 Consequently, the DHFR gene may be used here as a dominant selectable marker and

the transformed celis are selected in hypoxanthine/ thymidine-free medium.

Other amplifiable selectable marker genes which may be used according to the invention

are for example glutamine-synthetase, methallothioneine, adenosine-deaminase, AMP-

deaminase, UMP-synthase, xanthine-guanine-phosphoribosyltransferase and thymdilate-
15 synthetase.

Gene expression and selection of high-producing host cells:
The term "gene expression” or "expression” relates fo the transcription and/or translation
of a heterologous gene sequence in a host cell. The expression rate can be generally
20  determined, either on the basis of the quantity of corresponding mRNA which is present in
the host cell or on the basis of the quantity of gene product produced which is encoded by
the gene of interest. The quantity of mRNA produced by transcription of a selected
nuclectide sequence can be determined for example by northern blot hybridisation,
ribonuclease-RNA-protection, in sty hybridisation of cellular RNA or by PCR methods
25 (e.g. quantitative PCR). Proteins which are encoded by a selected nucleotide sequence
can also be determined by various methods such as, for example, ELISA, protein A
HPLC, western blot, radicimmunoassay, immunoprecipitation, detection of the biological
activity of the protein, immune staining of the protein followed by FACS analysis or
fluorescence microscopy, direct detection of a fluorescent protein by FACS analysis or .
3o - fluorescence microscopy.

By "increased titre or productivity” is meant the increase in expression, synthesis or

secretion of a heterologous sequence introduced into a host cell, for example of a gene
ceding for a therapeutic protein, by comparison with a suitable control, for example mutant
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In a particularlyprefesred-embodiment the present invention relates to a method for increasing the
specific productivity of an antibody of a cell, characterised inTRHIAOE FRAGBRIMElpsas Gamtd Sbads
codes for the heavy chain of the antibody, at least the codon which codes for the C-terminal amino
acid lysine is deleted, the cell is transfected with a 5 first vector, which contains the modified nucleic
acid, the cell is co-transfected with a second vector, which contains the light chain of an antibody, and
. the cell is cultivated under conditions that permit production of the antibody. In another preferred
method the modified heavy chain and the light chain, or the subunits ioof a heteromeric protein, are
incorporated iprSleaeeapive Wwagsieeti ' i . 40 another, preferred empodiment the
present invenf(i;ro relates to 3 me@]gog){:‘&c?re kﬁh(ﬁl%ﬁ% lt%%%geggﬁtl@ Sr%%_a%%?\ﬂ?ﬁ\éﬁya% LRBD A BFBBany
heteromeric protein or Tnieredt GPY'EIRD deceriing e Aseatirthassarding dtefbeitivestiqnete idsich
codes for the irsavgrhifithist teé aatinotyastide@sh thereasdemvuaishosiendening &g FReATNO

acid lysine is gigleted s, transf -With.a yectar which contains both the modified nucleic acid
for the heavy chain o?éagrgzer?ti!go%dy&g? Q@gt \yﬁid tach%ﬁ% 5P URBnBay e FEIRR IS cultivaied

under coRditiBREARNGD & AiIMFbRGRRPBINEdabwention pesfeived benboaiténtaf dw REsraethod

the vector witlkashicBGbiecrelt isdsaBofecied!irashirsr MEHGISANG Y - gleped
which the cIeII IS transfeﬁctcé%ﬁ?g@é%{{\g&w%?i@&%%ﬁqgfﬁs the

embodiment Qf e vector with | ;

heavy and Iig%t%%i%%%%ﬁr% 'aS SERaF tggFaﬁécﬁriB%ﬂ‘}ﬁWtéf aHiehRreidipasindiere wvsiam hat e.g.

an 1gG1 molédi¥aeeasresding &ne Bwthetbacen@in@toatis inapilerofitserdeleier:obeiGnisainal

lysine and theanaeustsehriodms i 8ok . ild: tran: d cells (Figure 2).
iR e e

It has aI;sOo suségégi%g% beer; ?hown cells that express nva 0
average achiéve ev Df?"%g’ﬁ YL ies or 329 higher specific productivities than cells which express
the 30 IgG1 Alidreypesgidiire 6). pFbis gifdtustiynbadybminge BbING s dietioNNaraRrHs Sl

present evenahish 3 ; ; ification is induced in these cell pools by the addition of
100 nM MIX. The t,itredseg%% g%%%ﬁ?c%?%@ﬁﬁ?éﬁ?e%?%?g N PRGBS, BPISsHs RetFitadatbe).

Similar resulf82Purprisingly also be shown for an IgG4 molecule. In spite of the deletion of the
C-terminal lysine the IgG4 molecule is expressed and secreted in CHOcells even rather better than the
t cells which express the lysine deletion variant of

1gG4 wild-type, (Fi rprisingly. it is found tha _ [
lgG4, oilgav?%ée%\r/@ﬁ%&(%\;e a%ﬁ?ﬁ%eﬁig'ﬂg}' SitFBP G Yo il ndr EPESRSpRleR cBRisRioth & cells
which expres8ap@htieatwirstyprilsFighic). Tontaprodsctdditmhantapetabiharlystae delstion ¥ajiant is

also presentfindies doHowiogme pdicatiep stepanith 400N MIX.On gygrage 53% higher titres and
66% higher specific productivities g?e obtfllsined (Fig. 7%. loln a s%ggalée%ﬁn%go%ﬁ%?gﬁtso??hcg)%“@m%d

according to' cge%sveenﬁéﬁrﬁ%‘ﬂﬁeaﬁ'rqd%‘?oﬂﬁ'@maﬁon of different methods may also be used, are
based for example on the use of cis-active elements for manipulating the chromatin

20 structure (e.g. LCR, UCOE, EASE, isolators, S/MARs, STAR elements), on the use of
(artificial) transcription factors, treatment of the cells with natural or synthetic agents for
up-regulating endogenous or heterologous gene expression, improving the stability (half-
life} of MRNA or the protein, improving the initiation of mRNA transiation, increasing the
gene dose by the use of episomal plasmids (based on the use of viral sequences as

25 replication origins, e.g. SV40, polyoma, adenovirus, EBV or BPV), the use of

amplification-promoting sequences or in vitro amplification systems based on DNA
concatemers.,

Also preferred according to the invention is a process in which production cells are
30 replicated and used to prepare the coding gene product of interest. For this, the selected
high producing cells are preferably cultivated in a serum-free culture medium and
preferably in suspension culture under conditions which aliow expression of the gene of
interest.  The protein/product of interest is preferably obtained from the cell culture
medium as a secreted gene product. If the protein is expressed without a secretion
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cific produgtivipy13.i ased by 10-500 %, preferably 20-300%, particularl J referabl 50_—200%
Egzed og the gg?ngéaﬁﬁﬁf\?alue of)t/he protein without the de e?ﬁﬁ'*&%ﬁ@éﬁfé?ﬁﬁﬁ%mﬁ %&&?I.HG
another special embodiment of the method according to the invention, the titre and /or the specific
productivity is increased by at least 10 %, preferably 15 by at least 20 '_Ye, more preferably b)_/ at least
50 %, and particularly preferably by at least 75 % based on the comparison va!ue of the protein
without the deletion of the C-terminal amino acid.  In another special embodiment of the_ meth_od
according to the invention the specific 20productivity is at least 5 pg/cell/day. The present invention

also relates tosgmakthowdosproduging FroseranaiPRNEatRr @,g% iﬂg;ﬁﬁpig&ggptig &f 2 rp&?tein of

int tch ised | tin the nucleic acid seguence which codes for the’protein of interest, at

:gaesrtetsheccgtrj?)%%éﬁc% bé%%ﬁ’sof?)‘ré ek %’[réjr%?ﬂa‘f’g' A Qt‘Rﬁ%’ﬁ’éi@t&ﬁaﬁﬁnﬁh@"ﬁﬁm@@w@ant

sequence thugrﬁﬁﬁiaﬁiéaﬂiéﬂnﬁéiet&@rmt%imexpmssmabmwﬂciherm‘;ggymmﬁemogs@ié_@ _i)@,l@;@%po?em
ethod for prefluringir ealh wih asbincErasem Jik e MeiRgRASSLaRGS fic productivity of a pr

(r)r; interest, cF:)haracteriSéad in tha% a cell 30is treated ?s&ing aemgtrﬁ’gg ag(?o%llnogr {%Sﬁ'l% n&b(é%f%ﬁ" qd then

a single cell clonmngi8 LS e NERTh IRy ?ﬂﬁfﬁ%@@?ﬁn@m%%e@ﬁn_gwwl and
deposition. Thegheiesasitmnegtioy Estoeititesds mproseaminy BIRORHNKBFISILRMNEIERLIRLR cell
characterisedpi,@(tjb%ﬁog,fo,léq&gg@|§hi§3%eﬁ}ﬁ_dcugirngh?o%%ﬁgggagﬁf Oorg I%%;:taﬂat[ggxl,ms/ﬁggogf cation
exchange resins such as DEAE. Methods which result in the purification of a
heterologous protein expressed by recombinant host celis are known to the skilled man
10 and described in the literature.

EMBODIMENTS ACCORDING TO THE INVENTION
The present invention relates to a method for increasing the titre of a protein of interest of
a cell, characterised in that
15 a. in a nucleic acid sequence which codes for the protein of interest, at least
the codon which codes for the C-terminal amino acid is deleted ,
b. the cell is transfected with a vector, which contains the modified nucleic
acid from a) and
c. the cell is cultivated under conditions that permit the production of the
20 protein of interest.

In particular the present invention relates to a method for increasing the fitre of an
antibody of a cell characterised in that in a nucleic acid sequence, which codes for the
heavy chain of the antibody, at least the codon which codes for the C-terminal amino acid

25 lysine is deleted, the cell is transfected with a vector which contains the modified nucleic
acid, and the cell is cultivated under conditions that allow production of the antibody of
interest,

The present invention preferably relates to a method for increasing the specific

30  productivity of a protein of interest of a cell, characterised in that in a nucleic acid
sequence which codes for the protein of interest, at least the codon which codes for the C-
terminal amino acid is deleted, the cell is transfected with a vector, which contains the
modified nucleic acid, and the cell is cultivated under conditions that permit the production
of the protein of interest.
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these cells arpgejegieddn the presence of at least one selegfion pressure, a sg% e I
optionally carried out and the protein of interest is obtained from t @ celfs or the cultdre %perr}%taﬁt

5A special embodiment of the method according to the invention for preparing at least one protein of
interest is characterised in that the cells used for the preparation, aftér the selection step using a
selection agent, are additionally subjected to a gene amplification step. 10A specific embodiment of all
the methods described according to the invention is characterised in that the C-terminal amino acid
lysine is (Lys) or arginine (Arg), preferably Lys. Another specific embodiment of all the methods

described acéordingtictherinyestiorets dpehametarigrd é?eﬂ@ﬁ thﬁ@fﬁ%ﬁ;jﬁ&éi@ﬁ‘*}g@? i%ﬂwgat%?dtﬁ an
vention 1s e G el AP U G G ISB A inG e -
20terminal afifEECREIS pairnceyshioh spdesalosiieduinvyrihafratifttne mmibodls desasbé aogording to
the inventionygich codes for the C-terminal amino acid lysine is deleted, the cell is transfected with a
5  first vector, which contains the modified nucleic acid, the cell is co-transfected with a
second vector, which contains the light chain of an antibody, and the cell is cultivated
under conditions that permit production of the antibody.

in another preferred method the modified heavy chain and the light chain, or the subunits
10 of a heteromeric protein, are incorporated in successive transfections in any desired
order.

In another preferred embodiment the present invention relates to a method for increasing
the specific productivity of an antibody or of any heteromeric protein of interest of a cell,
15 characterised in that in a2 nucleic acid sequence which codes for the heavy chain of the
antibody, at least the codon which codes for the C-terminal amino acid lysine is delsted,
the cell is transfected with a vector which contains both the modified nucleic acid for the
heavy chain of an antibody as also the light chain of an antibady, and the cell is cultivated
under conditions that permit production of the antibody. In a preferred embodiment of the
20 method the vector with which the cell is transfected is a bi- or multicistronic vector. In
another preferred embodiment of the method the vector with which the cell is transfected
is & vector which contains the heavy and light antibody chain as separate transcription

units.

25 It may surprising‘ty be shown that e.g. an igG1 molecule is expressed and secreted in
CHO-cells in spite of the deletion of the C-terminal lysine and the amount of product is
comparable with that of IgG1 wild-type transfected cells (Figure 2). It has also surprisingly
been shown that cells that express the lysine deletion variant of IgG1 on average achieve
even 27% higher titres or 32% higher specific productivities than cells which express the

30 lgG1 wild-type (Figure 3). This production advantage of the lysine deletion variant is still
present even when a DHFR-based gene amplification is induced in these cell pools by the
addition of 100 nM MTX. The titres and specific productivities are on average 86% or
120% higher (Figure 4).
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characterised mo tiratthedyeavy chain of the antibody is of th . lgG2, 1gG3 or Jpreferably
type 1gG1 , IgG4 or IgG2. 25 A specific embodiment of all th%%%&%bg&hggs%ri épﬂaér&%or%’% %oéfhigg
invention is characterised in that the protein of interest is a monoclonal, polyclonal, mammalian,
murine, chimeric, humanised, primate or human antibody or an antibody fragment or derivative of a
heavy chain of an immunoglobulin antibody or of a Fab, F(ab")2, Fc, Fc-Fc 30 fusion protein, Fv, single
chain Fv, single domain Fv, tetravalent single chain Fv, disulphide-linked Fv, domain-deleted antibody,
a minibody, diabody or a fusion polypeptide of one of the above-mentioned fragments with another
peptide or poliseistideesuitsnriay prptidsirfylyicrsproteish MR-t §ESIOm PG OTrﬁﬁ?%]fBWt%Oteig'
Another specj [ X ribed according to the invention is characterise
in that the ceﬂﬂ%’ﬁﬁ?’fﬁ?@fé@@@ﬁ%@ﬁ@?‘g&?ﬁ& ‘é%éﬁw%’é%ﬁﬁ% GPYsFRES RSB ALHO-
described ac&?r’ﬁinﬁvﬁf‘tﬁaénﬁ(/gﬁl?@"nﬂi@6HB¢d@@ﬁ9’é@iW@hdﬁae5deBﬁspmislirhgatédmmmsmmmbﬁ@e

conditions. Andticargxartiesimeayabediaiensolaidhemetnds Hepsuibadassaui (?é%?ﬁgiﬁﬁ&”“on IS
embpoal

characterised.in thatihe, is cultivated in chemigcally defined medium. A preferre ent of all

the methédsdgl{e?gcqr)?bgg a/gjﬂégﬂgs Othe \'}%#fﬁi&’?? RHEPACRSIS etiGRtrIRs S dha s ety ae

protein-free niE@iufi. Ahetertedtiomisddaniegeosiaththiysinethiatisideseriized Resridingderthg imention

is 10 charactelisrmhi dRithats! it mefgemﬁgd@o%%&%ét,ﬁ%ns! Wor ngs%séniﬁ: o/birds,
a escri

fish, reptiles,r%rmamma .Angf)ﬁjhe,r_ referred embodiment o the’methods ihg to
the. invention 19 CRarctar B H YL BSAER Rtk dilan cell. A particularly preferred embodiment

of all the methods described according to the invention is characterised in that the cell is a CHO cell.

Another §peqi,alaegp&§g il 2th t entioned according to the invention is characterised
in that tr11e CHO cell is sg%?tﬁet%léi%frc‘)?nrnE tﬁe%%oﬁ% Cvc\:/%rc(iﬁp g? %ﬁd rft@ﬁ(g’ﬁgﬁ,a@ﬁ@rdbﬁ(X-Bll

and CHO pefB° P REGRAH el iapiRAReY RYCIOSIICAPeikrabipdin06mipadisdatiatestdbly
expression v&0ta0Mihbiasseasedexpsrfsasonf daurnerah2ORiesRsiwhich {ﬂéde%_t%‘?P?faﬁ%d C-

according to gne.of the m tg‘ entioned according to the invention. The invention also relates to a
cell which may be _gener’atge %%:Pbglair?a r})ﬁ%?@%efct'ﬁ\e gﬂ'@t‘f’l e HibireBathas drtPisinge thietion.
invention, the titre and /or the specific productivity is increased by at least 10 %, preferably
15 by at least 20 %, more preferably by at least 50 %, and particularly preferably by at least

75 % based on the comparison value of the protein without the deletion of the C-terminal
amino acid.

In another special embodiment of the method according to the invention the specific
20 productivity is at least 5 pg/cell/day.

The present invention also relates to a method for producing an expression vector for the
increased production of a protein of interest characterised in that 'En the nucleic acid
sequence which codes for the protein of interest, at least the codon which codes for the C-

25  terminal amino acid is deleted, and the nucleic acid sequence thus modified is inserted in
an expression vector,

The present invention also relates to a method for producing a cell with an increased titre
and / or increased specific productivity of a protein of interest, characterised in that a cell

30 is treated using a method according to the invention and then a single cell cloning is
carried out, for example by dilution cloning or FACS-based single cell deposition.

The present invention also relates to a process for preparing a protein of interest ina cell,
characterised in that a group of cells is treated using a method according to the invention,
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25 The inventipm alsmtelates to a method for the production ggq“purifi ation of a protein of interest,
characterised in that at least one C-terminal amino acid of thé correspoIIRY B ERE BRiRBRELE 2o KG
deleted and the resulting protein of interest has decreased heterogeneity compared with the wild-type
protein without deletion. 30A particular embodiment of the method according to the invention is
characterised in that the C-terminal amino acid is lysine (Lys) or arginine (Arg), preferably Lys. Another
particular embodiment of the method according to the invention is characterised in that the protein of
interest is an antibody, an Fc fusion protein, EPO or PA. A preferred embodiment of the method

according to tinesevesitioares ahiataeianisng HdbaidbePiptain ok, i chain of an antibody
and the C-tergjipal @iBBt%ﬁngsgIXﬂ%g éLyg . ﬁﬁothegfﬁﬁggﬁﬁgﬁfgﬁﬁ %%%ﬁreemaetﬂ%%feaﬁ%grding
to the invention is characterised 5in that tha heawRER%SH 8f IHesatisiatned frenmyibe reds, syde, 1gG3
or IgG4, pref&éfﬁ{{ﬁcﬁ%%@‘fl’é@& IgG2 or 1IgG4. A particular embodiment of the method according to the
invention is characterised in that, for the production, cells are cultivated in suspension culture. Another
particularéem%ogégb?g‘t OIJ;] Bh%.metho gIgé?crcordin to the invention is characterised in that for the
production cells are euftvarad | (TS D5 RRtRRR acseafingn e Kedtventirmtionrrepanodaieasiodrall the
methods desBffiein sricivigiegtids thbaraotsrisen isnchraragierisng insthatdheneeissardtivatedsdn, chgmically
defined medig@qb(ﬁ@@‘@r‘g%ﬁgg@m%%gﬁhg sihpds di scribed according to the invention is
characterised jn that the cell is cultivated in p ote’in-rfg(]ee media. Egﬁéﬁéﬂ@&@ﬁ%@ﬂ?ﬁi@ﬁ@%m
method accor Rg to the invention is characterised in that the cells are mammalian cells.

10 A specific embodiment of all the methods described according to the invention is
characterised in that the C-terminal amino acid lysine is (Lys) or arginine (Arg), preferably
Lys.

Another specific embodiment of all the methods described according to the invention is
15 characterised in that the. protein of interest is an antibody, an Fc fusion protein, EPO or
tPA.

A preferred embodiment of all the methods described according to the invention is
characterised in that the protein of interest is a heavy chain of an antibody and the C-
20 terminal amino acid is lysine (Lys).

A special embodiment of all the methods described according to the invention is
characterised in that the heavy chain of the antibody is of the type IgG1, IgG2, 1gG3 or
lgG4, preferably type IgG1, IgG4 or IgG2.
25
A specific embodiment of all the methods described according to the invention is
characterised in that the protein of interest is a manocional, polyclonal, mammalian,
murine, chimeric, humanised, primate or human antibody or an antibody fragment or
derivative of a heavy chain of an immunogiobulin antibody or of a Fab, F(ab’)2, Fc, Fe-Fe
30 fusion protein, Fv, singig chain Fv, single domain Fv, tetravalent single chain Fv,
disulphide-linked Fv, domain-deleted antibody, a minibody, diabody or a fusion
polypeptide of one of the above-mentioned fragments with another peptide or polypeptide
or an Fc-peptide fusion protein, an Fe-toxin fusion protein or a scaffold protein.
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Another prefe iment of the method according to the jnvention is chargcterised in that the
cells are%HOnfsgﬁép%rably CHO DG44 cells. A particrlﬁ%lérllq{/I . fg?gﬂeiﬁegﬁm%ggﬁﬁ . Wﬁg%(gthod
according to the invention is 20characterised in that during the purlflcgtlon of the prote[n of |ntere§t a
lower salt concentration is used compared with the purification of a WlId-typ_e protein Wl_thout deletlo_n.
The invention also relates to a process for preparing an antibody character_lsed in that in a 25nucle|_c
acid which codes for the heavy chain of an antibody, at least the coc_ion whlch codes for th_e C-Fermlnal
amino acid lysine is deleted, the cell is transfected with a vector, which contains the nucleic acid thus

mocie, st et oton-Soo e vsemessonsin o
crample. EXAECECARARBI TS AOKRIETE SheHaS ES, fbyiareciompbase
pair of all the methods described according to the invention is characterised in that the cell is
cultivated under serum-free conditions. Another particular embodiment of all the methods
‘s described according to the invention is characterised in that the cell is cuitivated in
chemically defined medium. A preferred embodiment of all the methods described
according to the invention is characterised in that the cell is cultivated in protein-free
medium. |
A preferred embodiment of all the methods described according to the invention is
10 characterised in that the cell is a eukaryotic cell, e.g. from yeast, plants, worms, insects,
birds, fish, reptiles or mammals. Another preferred embodiment of all the methods
described according to the invention is characterised in that the cell is a mammalian cell.
A particularly preferred embodiment of all the methods described according to the
invention is characterised in that the cell is a CHO cell. Another special embodiment of
% the methods mentioned according to the invention is characterised in that the CHO cell is
selected from the group: CHO wild type, CHO K1, CHO DG44, CHO DUKX-B11 and CHO

per-3. Particularly preferably it is a CHO DG44 cell.

- The invention also relates to an expression vector with increased expression of a gene of
20 interest which may be generated according to one of the methods mentioned according to

the invention.

The invention also relates to a cell which may be generated according to one of the
methods mentioned according to the invention.

25
The invention also relates to a method for the production and purification of a protein of
interest, characterised in that at least one C-terminal amino acid of the corresponding
gene of inferest is deleted and the resulting protein of interest has decreased
heterogeneity compared with the wild-type protein without deletion.

30 A particular embodiment of the method according to the invention is characterised in that
the C-terminal amino acid is lysine (Lys) or arginine (Arg), preferably Lys.
Another particular embodiment of the method according to the invention is characterised
in that the protein of interest is an antibody, an Fc fusion protein, EPO or tPA. 7
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[ ' tase
CHO:ChineserdarrsterQvary CpB:carboxypeptidase B DHF, é:;,]h;(drq}‘jo Be rrrbgucr
10ELISA:enzyme-linked immunosorbant assay HT:hypoxanthi ne/t Re ﬂ%maﬁd@w&m E3ile
(=1):isoleucine kb:kilobase 15Lys:lysine mAk:monoclonal antibody MIX methotrexate MW:mean value

NPT:neomycin-phosphotransferase 20PCR:polymerase chain reaction phe (=F):phenylalanine

A preferred embodiment of the method according to the invention is characterised in that
the protein of interest is a heavy chain of an antibody and the C-terminal amino acid is
lysine {Lys).
Another preferred embodiment of the method according to the invention is characterised
5 in that the heavy chain of the antibody is of the type IgG1, IgG2, IgGB or igG4, preferably
of type IgG1, IgG2 or IgG4.
A particular embodiment of the method according to the invention is characterised in that,
for the production, cells are cultivated in suspension culture.  Another particular
embodiment of the method according to the invention is characterised in that for the
10 production cells are cultivated under serum-free conditions. Another particular
embodiment of all the methods described according to the invention is characterised in
that the cell is cultivated in chemically defined medium. A preferred embodiment of all the
methods described according to the invention is characterised in that the cell is cultivated
in protein-free medium.
15 A preferred embodiment of the method according to the invention is characterised in that
the cells are mammalian cells. |
Another preferred embodiment of the method according to the invention is characterised
in that the cells are CHO cells, preferably CHO DG44 cells.
A particularly prefered embodiment of the method according to the invention is
20  characterised in that during the purification of the protein of interest a lower salt
concentration is used compared with the purification of a wild-type protein without
deletion.

The invention aiso relates to a process for preparing an antibody characterised in that in a

25 nucleic acid which codes for the heavy chain of an antibody, at least the codon which
codes for the C-terminal amino acid lysine is deleted, the cell is transfected with a vector,
which contains the nucleic acid thus modified, and the cell is cultivated under conditions
that allow expression of the antibody.

3¢ The invention is hereinafter explained more fully by means of non-restrictive embodiments

by way of example.
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SEAP:secreterbalkarinephosphatase WT:wild-type 25 MET Il culture and transfection The
cells CHO-DG44/dnfli- are permanent cultivated as suspens%%%%q%?rl:n Sthﬁﬁh”-ﬁa%f'ﬁ%’-‘é’rw| KG
medium supplemented with hypoxanthine and thymidine (HT) (Invitrogen 30 GmbH, Karlsruhe, DE) in
cell culture flasks at 37C in a damp atmosphere and 5% CO2. The cell counts and viability are
determined with a Cedex (Innovatis) and the cells are then seeded in a concentration of 1 -3 x105/mL
and run every 2- 3 days. For the transfection of CHO-DG44, Lipofectamine Plus Reagent (Invitrogen)
is used. For each transfection batch a total of 1.0 - 1,1 pg plasmid-DNA, 4 pL Lipofectamine and 6 pL
Plus reagent &&AMRBESiccording to the manufacturers instructions and added in a volume of 200 pL
to 6x105 cells in 0.8 ml HT-supplemented CHO-S-SFMII medium. After three hours' incubation at 37C
in a cell incubator 2 mL of HT-supplemented CHO-SSFMII medium are added. After a cultivation
period of 48 H%I%%%%E%H@ﬁéction mixtures 5 are either harvested (transient transfection) or
subjected to gefection. As one expression vector CaaiRs prigtHRRsglection marker and the other one
contains an l\h@,’\} selection marker, 2 days after transfection the co-transfected cells are transferred
into CHO-SSFMII medium without added hypoxanﬁﬁﬂ%r%ﬁqﬂymidine for the DHFR- and NPT-based
selection andP&418 (Invitrogen) is also added to thisarsepiairm in a concentration of 400 10pg/mL. A
DHFR-basedaene amplification of the integrated heferalogeys genes is carried out by the addition of
the selection ¢g§‘nt MTX (Sigma, Deisenhofen, DE) in a concentration of 5 -2000 nM to an HT-free
CHO-S-SFMIT'médium. 15 Expression vectors Forﬁ"f‘f@%’(ﬁ@é@i@?ﬁ%alysis eukaryotic expression
vectors are uBktFRich are based on the pAD-CMYivertdoiandraapdiata the expression of a
heterologousggegs: via the combination of CMV enQﬁzn r/ amster ubi%uitin/827a promoter (WO

97/15664) or, GMV enhancer/CMV promoter. Wherea 3 S %"3{5} SEIRFUARERs the dhfr
minigene : hypoxanthine/thymidine
lgG: immunoglobulin G
lle (=I): isoleucine
kb: ) kilobase
15 Lys: s tysine
mAk: monoclonal antibody
MTX: methotrexate
MW: mean value
NPT: neomycin-phosphotransferase
20 PCR: polymerase chain reaction
phe (=F): phenylalanine
SEAP: secreted alkaline phosphatase
WT. wild-type
sz METHODS

Cell culture and transfection

The cells CHO-DG44/dhfr™ are permanent cultivated as suspension cells in serum-free

CHO-8-SFMIl medium supplemented with hypoxanthine and thymidine (HT) (Invitrogen
3 GmbH, Karlsruhe, DE) in cell culture flasks at 37°C in a damp atmosphere and 5% CO,,

The cell counts and viability are determined with a Cedex (Innovatis) and the cells are

then seeded in a concentration of 1 ~ 3 x10%mL and run every 2 - 3 days,

For the transfection of CHO-DG44, Lipofectamine Plus Reagent (Invitrogen) is used. For

each transfection batch a total of 1.0 - 1.1 g plasmid-DNA, 4 ul Lipofectamine and 6 H
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20 which actsras-aararRplifiable selectable marker, in the vegignaRIN the fbfr-BlRigENs isHeplaced by
an NPT gene. For this purpose the NPT selection marker, including SV40 early promoter and

TK-polyadenylation signal, was isolated from the commercial plasmid pBK-CMV (Stratagene., La Jolla,
CA, USA) as a 1640 bp Bsu36I fragment. After a reaction of topping up the fragment ends with Klenow
DNA polymerase the fragment was 25ligated with the 3750 bp Bsu361/Stul fragment of the vector
pB1D, which was also treated with Klenow DNA polymerase. In both vectors the expression of the
heterologous gene is controlled via the combination of CMV enhancer/hamster ublqgltln/SZYa _
promoter. Th&WEcIERPBING isréxeieraenivding the thectoamBibhaaesconRinsichanadifiedNRT gene. Itis

[ 5t feTg" ichi ' [ 004/050884. In this
vector lnﬁai%?ﬁgﬁé@oﬁgﬁg.%ﬁ% e T O e A

heterologous ‘J&re I RIECHRR IShRIHT thdCARe L ek Bromhotsribreumnlementaal CBA-S-

(enzyme-link & iinmetisorbentddsdy)AHee g camiifinet @@Zﬂdhﬁ@ %Iﬁfﬁﬁ@%ﬂ@iﬁ&%@lﬁgﬂ g{ﬁ&uﬂgﬁ gi r?g;
lgG4) in the ' -DG44 cells is, carried out using acc

S on e SRR NSO P el e R e
Hamburg, DEFSIR BPN{RED &R Selackipnopaliguand doatcimr lnmnaorkaipseelighPdhasteatitibody

(Sigma). Therstakstarel uapsl istat iteerantiiodeobthesamadsotye 9?&*%%&%%%@?%@&}%%%‘?5 in

each case. P lvities (palcell/day) are calculgted with the formula pg/((Ct-Co . : \_/vhere
Co and Ct indica gﬁéeg%gﬁ ‘c’%ﬁﬂ’f’ to%d\ggg(ﬁ%%?%%mWﬂd%q’%ﬁéé@ﬁt &1 68d Tr@ﬁfp%rlod..
SEAP AssaySegpios B Gi¢Sir/ oviiogs sl fseatmat amkdsf dm tramsieiity traasfesteerthtiaradeells is
quantifiggl usipgrile SEAP Reporter Gene Assays according to the manufacturer's 150perating

i [ R iagnostics GmbH, Mannheim, DE).
nstructions (A %ﬁQEFEbageg gene amplification of the integ)rated heterologous genes is carried out by

the addition of the selection agent MTX (Sigma, Deisenhofen, DE)in a concentration of 5
~ 2000 nM to an HT-free CHO-S-SFMIl medium.

15 Expression vectors
For the expression analysis eukaryotic expression vectors are used which are based on
the pAD-CMV vector and mediate the expression of a heterologous gene via the
combination of CMV enhancer/hamster ubiquitin/S27a promoter (WO 97/1 5664) or CMV
enhancer/CMV promoter. Whereas the base vector pBID contains the dhfr minigene
20 which acts as an amplifiable selectable marker, in the vector pBIN the dhfr-minigene is
replaced by an NPT gene. For this purpose the NPT selection marker, including SV40
early promoter and TK-polyadenylation signal, was isolated from the commercial plasmid
pBK-CMV (Stratagene, La Jolla, CA, USA) as a 1640 bp Bsu36l fragment. After a
reaction of topping up the fragment ends with Klenow DNA polymerase the fragment was
25 ligated with the 3750 bp Bsu361/Stul fragment of the vector pBID, which was also treated
with Klenow DNA polymerase. in both vectors the expression of the heterologous gene is
controlled via the combination of CMV enhancer/hamster ubiquitin/S27a promoter.
The vector pBIN8a is a derivative of the vector pBIN and contains a modified NPT gene. it
is the NPT variant F2401 (Phe240lle), the cloning of which is described in
30 WO2004/050884. In this vector and also in the vector pBIiDa, a derivative of the vector
pBID, the expression of the heterologous gene is under the control of the CMV enhancer/
promoter combination.
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EXAMPLE 1: E4:QiiEAND EXPRESSION OF IGG1 WITH C:TERMINAL LYSINE DELETION The
heavy chain of the monoclonal humanised F19 antibody (IgG%]C.) “5'88%%4? ?écﬁ'g{e HBMTBARE BPagF?]id
pG1D105F19HC (NAGENESEQ. AAZ32786) as a 1.5 kb Nael/Hind111 fragment and cloned into the
vector pBID digested with EcoRI (topped up with KlenowDNA-polymerase) and 1-lind111, to produce
the vector pBID/F19HC (Fig.1). The light chain on the other hand is isolated as a 1.3 kb
Hind111/EcoR1 fragment from the plasmid pKN100F19LC (NAGENESEQ: AAZ32784) and cloned into
the corresponding cutting 25sites of the vector pBIN, thus producing the vector pBIN/F19LC (Fig.1).
The deletion &flthieA Ceteymiedhkeminerontbeohemeashain of the F19 is carried out by PCR using the

mutagenic pri =l tcaacc agggaga ggc (SEQ ID NO:1) with a
com plementarﬂ%guﬁ%ﬁ&al%ﬁtr?zw%i%%%c? l%‘% §Q %v’ﬁf%%gcﬁ%i 1%?%(3 rtl‘)%glﬁéf”aﬁ?ﬁrﬁ&’%ﬁﬂét@ﬂﬂw@f heavy
chain in the CERRPMiHaNREfERS CERPBA4hectisdarcarier: QuteuningaElyisne dsdepiagen i siap
codqn. In addiﬁmedtuﬂgés ﬂse'@ fgupw@d Man%ga!?r@ﬁ,gic%g %H%gl qlél%wp(j;clﬁ éﬁ nui%eg lBE atrpevgater
cloning. This e |Blggrane s %sedtén ((:,fcb)%]{!i nction with the primer F19 heavy4 a &g.aacé’ d
tgaatcacaa gc (S D ?fjr which PAE" %I@%ﬁﬁ?ﬁ&‘%%ﬁ%ﬂﬁhé%éaﬁ@ﬁd@R@@aﬂéﬁtmirer
upstream in tABIRAISRTTEYioThef strnteal ysiwiis. Fintiee cintiiho 67 19H G RREVRS 8BS ieniplate for

the FOR mutageieesis dmpéaridting el RpLoduct of 757 bp is digested with BmgBI (an endogenous
m of the primer position F19heavy4) and Xbal and the 547 bp restriction

cutting site IOﬁ?lésd ﬂo. ns?& :
fragment is USEH 1O é'ﬁ,? CPHIESLSRE SOR Rl Yalrs M g dareinlenewEEbEPL 3 UDIF 18H) T his
results in thewletorGsE#DAJE Intimtevttishcendemiforn BeaumeHiIRA!tag sl 9-antihadyaiih 3 deleted
O-termingl angingagish lysing (Fig. 1). First of all a check is made by transient transfection of
CHO-0G44 cells to find out whether the deleted C-terminal lysine, which is a highly conserved amino
acid in all the 1gG subtypes, has an essential significance for the expression or secretion of the 1gG1

molecule. A &EAB&festion is carried out with the following plasmid combinations: a) control
e for the monoclonal antibody F19 in its wild-type

plasmids pSHyY, IN/F1OLC, which og |
configuration, i.%. ync%u gﬁgt%:&@é?mﬁﬁ%ﬁ%?ﬁ@% QB e PRIENNY iransfected CHO-DG44 cells is
quantified using the SEAP Reporter Gene Assays according to the manufacturer's

15 operating instructions (Roche Diagnostics GmbH, Mannheim, DE).

EXAMPLE’ 1: CLONING AND EXPRESSION OF IGG1 WITH C-TERMINAL LYSINE
DELETION

The heavy chain of the monocional humanised F19 antibody (IgG1/kappa) is isolated from
20 the plasmid pG1D105F19HC (NAGENESEQ: AAZ32786) as a 1.5 kb Nael/Hindlii

fragment and cloned into the vector pBID digested with EcoR| (topped up with Klenow-

DNA-polymerase) and Hind!il, to produce the vector pBID/F19HC (Fig.1). The light chain

on the other hand is isolated as a 1.3 kb Hindlll/EcoR| fragment from the plasmid

PKNT100F19LC (NAGENESEQ: AAZ32784) and cloned into the corresponding cutting
25 sites of the vector pBIN, thus producing the vector pBIN/F19LC (Fig.1).

The deletion of the C-terminal lysine on the heavy chain of the F19.is carried out by PCR
using the mutagenic primer F19HC-Lys rev gacgictaga tcaacccgga gacagggaga ggc
(SEQ 1D NO:1) with a complementary sequence to the gene sequence which codes for
30 the last amino acids of the heavy chain in the C-terminal region. Certainly, the codon of
the C-terminal lysine is replaced by a stop codon. In addition, this is then followed by an
Xbal restriction cutting site which is used for the later cloning. This mutagenic primer is
used in conjur}ction with the primer F19 heavy4 atctgcaacg tgaatcacaa gc (SEQ ID NO:2),
which has complementarity with another sequence located further upstream in the
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b) pBID/IgG 1 Agssang gBIN/F19LC, which code for an F19-antibody, the heaVéchain of which
comprises a C-terminal lysine deletion 2010 Pools are transfected Pt ESHBRATBI WAL A& i B

amounts of the two plasmids are used in each co-transfection. After 48 h cultivation in a total volume
of 3 mL the harvesting and determination of the IgG1-titre in the cell culture supernatant are carried
out by ELISA. Differences in the transfection efficiency are corrected by co-transfection with an SEAP
expression plasmid (addition of in each case 100 ng of plasmid-DNA per 25transfection - mixture) and
subsequent measurement of the SEAP activity. Surprisingly it can be shown that the IgG1 molecule is

expressed argbseratasicnGHBCrYgR SRR, of Hae, dalsti inal lysine and the amounts
of product are, %}Ie with t secﬂl Gl a%-typ%%é?r?sifgeygti%%% _I—é%;a%)sgé(%ﬁ(%qg%t%%l%
transfection of%%% NA%8s, ?tfgﬁggé i()grll GEPUE Rt (Rth tRes Aigesiedsiith Emalhéions as
described abBRECgRBEUEIPIHDQ i lodetesadtvesintamatio theAsrinaegosiverc enbayPskdransfected
pools are alsgiyitd. 84 @atadis $HYG I e.addition of DNA to the transfection
mixture. The selection of’gaﬁ%;/;%%ﬁsfectegﬁfﬁlg %ﬁggt};ﬁg@gj‘?@% RS anerthe BAHSREASRIRHT -free

medium With ThE'8dHEER BEAS0 Ry IGisesstoiRcbhesieeirs B leRér placerttte tg@astive and the

specific prodbetvityludithe! tredl prsimitbdeyermineseried ERaHIAPERNE RASIAIRS (BRSSRing rate
2-2-3 days). Surprisingly it is found that cells which express the lysine 5 deletion variant of IgG1
achieve on average even 27% higher titres or 32% higher specific productivities than cells which
express the fgEst Rilalyhenes. is) masds prodensisntdvastagoof thCliSireGisetian arian is.atil

obtained evemhatien m®bdiRBacagrsnng ARIRLfiGataN s @ﬁgﬁﬁﬂé&%@ﬁ%%‘) 2iY;4he ggdition of
100 nMMTE. gw g&iﬁr s and specific prod ctiviti?s are on average 86% and 120% higher, respectively
(Fig. 4). 10 EX 5 @E?'c ﬁﬁ&&s%\ﬁﬁ%dﬁﬁ@é@ﬁ&f@d&%e@z@ww%smpmmmsm

DELETION IM@rfétaciespitmsigctiondchandgstomaritsdiel fiBawamiipedynitpéetbsaananihe heavy chain

is cloned as a 2.2 kb BamHI/Smal fragment into the plasmid pBIDa digested with EcoRI 15 (cutting
site topped up by, treatment with Klenow-DNA-polymerase) and BamHlIlI, resulting in the plasmid

PBIDa/IgG4 HCHFIGPATHHUARIFEE RIS 1R Gthed RN/ SlehewhishacndeiyBimmimosRhsiagment

into the BamHI/EcaiRtibutting$ites it mmm@m@wwmu@pﬁm@mﬁﬂ’ﬂ@@@ﬁi\ﬁ%!?%@ﬂ%ﬂm LC
(Fig. 1),,20The delqﬁgrﬁggwghgﬂerminal lysine on the heavy chain of the IgG4 antibody is carried

b) pBID/lgG1-Lys and pBIN/F19LC, which code for an F19-antibody, the heavy chain
of which comprises a C-terminal lysine deletion '

20 10 Pools are transfected per combination, while equimolar amounts of the two plasmids
are used in each co-fransfection. After 48 h éuitivation in a total volume of 3 mL the
harvesting and determination of the IgG1-titre in the cell culture supernatant are carried
out by ELISA. Differences in the tz"ansfecﬁon efficiency are corrected by co-transfection
with an SEAP expression plasmid (addition of in each case 100 ng of plasmid-DNA per

25 transfection mixture) and subsequent measurement of the SEAP activity.

Surprisingly it can be shown that the IgG1 molecule is expressed and secreted in CHO
cells in spite of the deletion of the C-terminal lysine and the amounts of product are
comparable with those of IgG1 wild-type transfected cells (Fig. 2).
30

For a stable transfection of CHO-DG44 cells, co-transfection is carried out with the same
plasmid combinations as described above, producing 10 pools for each combination. As a
negative control, 2 mock-transfected pools are also run, i.e. treated in the same way, but
without the addition of DNA to the fransfection mixture. The selection of stably
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out by PCR usifig: genic primer IgG4HC-Lys rev gacgictaga fcaaccca acagggaga ggct
(SEQ ID NO:3) Witgﬁfggﬁence complementary to the sequ%%ent grt?(r:] ee%'?c%%@”?a%?ﬁ&g%ﬁﬁs of
the heavy chain in the C-terminal region. However, the codon of the C-terminal lysine is replaced by a
stop codon. In addition, this is followed by 25 a Xbal restriction cutting site, which is used for the later
cloning. This mutagenic primer is used in conjunction with the primer HC for8 cccctgacct aagcccaccc
(SEQ ID NO:4), which has complementarity with a sequence located further upstream in the constant
region of the heavy chain. The vector pBIDa/lgG4 HC serves as a template for the PCR mutagenesis.
The resulting tROB qutedustieftakdsSduis wigeripd with Ba g dRREG0 ANIPIRIOME GUINGHitg located
downstream gfthe pr ehB HRD E#%fﬂg) a%%j XbalI and t&e 644 bp restriction fragment is used to

i hin the YEEDICpEIRRIRER Rleceriie @St ane Vertor

replace the corresponding sequence region i

pBIDa/IgG4-15P8Ri fiesbigie iorh heaogichamsofstizRiginatibndy witheristlotes C4esaynajamino

acid lysine (Hgad9agmiest0t gl athack)is I | -DGA44 cells to find out
whether ghelg%%a tte?jgcfern{linfall I inggg/vhig(r:lﬁ%sﬁ ﬁi%ﬁ?y%ce(@%@\?eﬁ_ ??r%q?gowggg %‘%ﬁ?ﬁ?e*%&df’ gﬁ’ﬁtypes,
has an eSsen |af?3 ignificanes @réﬁé’]@B}’«?s%ri‘o?\v%?ag&%%ﬁﬁ%tﬁﬁmﬁbFéﬁ?ﬁé’.f&%%-tﬁahgfmﬁids

i
significance f

carried out wRFpghisHuiliewithpplastisidutichbinatioss: thea ) gEN iRl PIEERIdS PEID GG A JAGH @8N
p6IN8a/lgG4 ! : arTegTele 4 antibody in its wild-type iguration, i.e.
including theéﬁawgﬁﬁ)ﬁﬁﬁ%ﬁ Qtfl% heavy ¢ %nrl? %o%@%%ﬁﬁ&c?ﬂ‘y%%ﬁ%m%%ﬁa&% %€M %vhich
code for a mgﬁb@én?ﬂi%é4“§Hﬁﬁgdﬂy,”Pﬁé%’é%{{@%ﬁ%Wthﬁﬁﬂiﬁ@@rﬁbﬂi@@@M GHetniinaltiysinendeletion
10 Pools aredpengiepteduetvitiesrinatieuevdyicescs iRelee@RAKAE bR AR IDIasyids are used in
each cogjransfection. After 48 h cultivation in a total volume of 3 mL the 15 harvesting and
determination of the IgG4 titre in the cell culture supernatant are carried out by ELISA. Differences in
the transfectfofiAdiénay afd-COHNEANEG EXBRASEINNAHItHGBISERMegpTEsINAlasyEINaddition
of in each case 100 ng of plasmigNAoRer transfection mixture) and subsequent measurement of the

SEAP activitY %OdSurtgrisinr%l it can be shown that the 1964 molecule is even produced rather better
than the 1904 Ay SE ik s%?eaé??ﬁt@%%'?g{i HB#tRe UG AREPRAY Ko Fdkprp R eine (FagvBEhetr a

stable transfécgigmest E+-D2L0KA Beitd]ikBrerisigotion istcandesizeinibibe samedalaghitooR

combin%ionmﬁiﬁé%@z@heagﬁ'eqy&bpft?é’é’tﬁi.%ﬂtWtR%&%&%Bﬁ&E&‘%@P&J& %nﬁSB%mHH, resulting
in the plasmid pBiDa/igG4 HC (Fig. 1. The light chain on the other hand is cloned as a 1.1
kb BamHI/EcoRI-fragment into the BamHI/EcoR| cutting sites of the plasmid pBINa, thus
producing the plasmid pBIN8a/lgG4 LC (Fig. 1).

20  The deletion of the C-terminal lysine on the heavy chain of the lgG4 antibody is carried
out by PCR using the mutagenic primer lgG4HC-Lys rev gacgictaga tcaacccaga
gacagggaga ggct (SEQ ID NO:3) with a seguence complementary to the sequence that
codes for the last amino acids of the heavy chain in the C-terminal region. However, the
codon of the C-terminal tysine is replaced by a stop codon. in addition, this is followed by

25 a Xbal restriction cutting site, which is used for the later cloning. This mutagenic primer is
used in conjunction with the primer HC for8 ccoctgacct aagcccacce (SEQ 1D NO:4), which
has complementarity with a sequence located further upstream in the constant region of
the heavy chain. The vector pBIDa/lgG4 HC serves as a template for the PCR
mutagenesis. The resulting PCR product of 1013 bp is digested with BmgBI (an

30 endogenous cutting site located downstream of the primer position HC for8) and Xbal and
the 644 bp restriction fragment is used to replace the cotresponding sequence region in
the vector pBIDa/lgG4 HC. This results in the vector pBIDa/igG4-Lys, which codes for a
heavy chain of the F19 antibody with a deleted C—termiﬁa! amino acid lysi'ne {Fig. 1).
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25 negative cppitab74.moek-transfected pools are also run, i.g. freated in the same way, but without
the addition of DNA to the transfection mixture. The selectioPl% gtB &gﬁswgngi‘gcﬁ(&% n&@?%r?gwe%%%ﬁ%

two days after the transfection in HT-free medium with the addition of 400 pg/mL of G418. Once
selection has taken place, DHFR-based gene amplification is induced by the addition of 100 nM of
MIX. The 1gG4 titre and the specific 30 productivity of the cell pools is determined over a period of 3 - 4
passages (passaging rate 2-2-3 days). In all, after the selection and amplification from the cells
transfected with 1IgG4 wild-type, 4 stably expressing cell pools are obtained, and from the cells

transfected withstheflydine detetion vasigntbp saklwexpepssRIcebPepisaseeptained, SHERrisinaly it

is found that gells piﬂhe&é%?esdsf&%rl sl,in !de.letion variant of IgG4 achieve on average even 63%

higher titres or 70% higher Specific produtivitieg tHalT éﬁl?\ﬂfﬁ%w ERPFEEEHh BTYPs4amiRIR Bl Frg. 6).

This productiéifPadibitese offife Aisinesgatisiosionifitances &ill hietairpcesion ior teecsetise qsfeie

amplification sigpouith AQRAihMdtoPR i 118 % higk cific
0 @Mﬁf@@%é%ﬁ(ﬂﬁ%e%ﬁ% }F%%@g S%}J%Eg@%

productivsities are obtained (Fig. 7). EXAMPLE 3:CLONING AND 2,1GG3, FC
FUSION"PROTEINS AND OTHER BIOMOLECULES WITH C-TERMINAL AMINO ACID DELETION

In order to deleté@thec@iteainifesinhjdin e Bid thig GeaMy chath peinise/artibody isphy@ecide2ie and 19G3,
13 1and 2 fO{i isot}/ es 1 and 4. In the same
D .

PCR mutagenesis isssedasdeshbscigaslieringx
way C-terminal lysine deletions %ﬁg also Icanki"eorI oiﬂ% o%"é%k? %igﬁnp'r%f(re&fngn(’blv ‘IeEHfFSP'IS’lgp fig)', in
which biomolecuIestgmff?%@y@‘ﬁ@l@ﬁég?§@I@l‘b\fé"i4§&bptors, etc., are components of an Fc fusion protein

(examples: Alefacept, LFA-3-Fc, Etanercept TNFR-Fc). 151t is conceivable to extend the concept of

codon deletion of,C ' mino acids mojecules such as e.qg. erythropoietin (EPO) and
Tissue Plasmingrgg)erﬁ)t %@t]lé\ﬂg%%(lﬂgni«) ?ﬁ\gwﬂt%@%)?%}ge}%{/t!gle\gﬁﬁb &P&?e fePmiRATSFRRR e 8Ghown
(M.A. Recny, H.A. StdiRddntrernedwy, @ion! @hinh SeRiSESST LA BiI61 K68 thdatisnR.J. (1995)
Journal of Chromatography A, 705 (1), pp. 129-134). The prerequisite is that the biological activity is

20maintained or, as in the case of tPA, for example, proteolytic processing remains intact. In transient
transfectionsqﬁﬁ?saoo eél%etggp?fe 5??? roﬁ?rfbbﬁ\gﬁ%%‘t”o\')ﬁe?ﬁéV‘i‘ﬁ@ﬁ@f@%ﬂ%ﬁ’fﬁ@@’l’é’rﬂﬁw@ﬁqino

acid affects thee exgaedsieacdindostransfaniiofheAfsin b trantfestion nasetoatriedues andthe specific
productiyities, e ditrespkc ' h roteins, or wild-type proteins are
compared with one a%oth%-r?gztg%ﬂx}%\%ﬁé %@%ﬁﬁggﬁfgﬁgﬁ%@ %flﬁ%(%qéélafﬁ\@rﬁ%
working up iS'ieNiEL T iIDHRNR§E IndthehFansfesianiatfivieney deraomasishit Thdrprefention affinity
chromatograpitly & BiSdteekpfeEiim qRasRmHoEdaRAr NG Watte dBaNYIRCHY A HIBSHILING per

transfection mixture) and subsequent measurement of the SEAP activity.

20 Surprisingly it can be shown that the 1gG4 molecule is even produced rather better than
the 1gG4 wild-type in spite of the deletion of the C-terminal lysine in CHO cells (Fig. 5).

For a stable fransfection of CHO-DG44 cells, co-transfection is carried out with the same
plasmid combinations as described above, producing 10 pools for each combination. As a
25 negative control, 2 mock-transfected pools are also run, i.e. treated in the same way, but
without the addition of DNA to the transfection mixture. The selection of stably
transfected cells takes place two days after the fransfection in HT-free medium with the
addition of 400 pg/mL of G418. Once selection has taken place, DHFR-based gene
amplification is induced by the addition of 100 nM of MTX. The IgG4 titre and the specific
30 productivity of the cell pools is determined over a period of 3 - 4 passages (passaging rate
2-2-3 days). In all, after the selection and amplification from the cells transfected with
IgG4 wild-type, 4 stably expressing cell pools are obtained, and from the cells transfected
with the lysine deletion variant, 6 stably expressing cell pools are obtained. Surprisingly it
is found that cells which express the lysine deletion variant of IgG4 achieve on average
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ifisgdl i [ hy is carried out using protein A
30The quantifisgfion-afdhe product yield after protein A chromatography .
HPLC. The yields for both variants of the isotype 1gG1 mdeplgﬂ "JPeRbIRRRaERRIGTEE & kS e

over 90% (Fig. 8). The lysine deletion has no negative effect on thg affinity chromatography or the
product yield. The product heterogeneity with regard to the _C-t_ermlnal lysine is d_ete_rmlned both
gualitatively in the isoelectric focusing (IEF) and also quantltatl\_/ely by weak cationic excha_nge (WCX)
(cf. Fig. 9 and 11). In order to determine the charge he_terogenelty cau_sed by C-terminal lysine
gualitatively using IEF, the antibodies are incubated vv_|th carboxypepﬂdase B. At 37C, 10 pg of _
carboxypeptidass B3eringigatessi Brlﬂﬁ/éf’hig"fﬁeﬁ‘rbﬁémﬁ@gy(ﬁ%gﬁ E@H%ﬂl (geillsrr\}\gr{mwl‘ef[%égg] \mlg? F'Qt-h
9 thereis a r?&@&i n in %S pyimbér oé_%andséor }he WT antlbo?g/gl‘gel‘ arter enzymatl Slhilf?] wi
carboxypeptiddse &’&lﬁg " The cation excHARYEeRBaRgesp e RBOTOVatian 50 stikn) is
carried out witPRiNeH exes o1 thmeubiequehbagratficatof St %itavand i iUt A Qs 53% .
MES-buffer 1ﬁ@lﬂe$.ﬂﬁdggjgm%’@apﬁme;%é\@glpﬂm&@ge ea?%'o mn r{%?c u{rg with 40 pg antibody in

each case. The WT and the -Lys variant are each ana with or'wi ymatic CpB treatment.
In the elution profile or overlay of the IgG1 WT the states of Lys1 and Lys2 are  represented by the

basic peaks FXAMELEE proportich ONINGIUEKS -EAPREBWGIVtion 1ppeefilg@sgvaray ﬂ,g??“ar_iant
with ysine deleion shows very 1B FRRISRER LR PR BAR0L 8 R o et
less than 1% (Fig.11). .
AMINO ACID DELETION
In order to delete the C-terminal lysine on the heavy chains of the antibody isotypes 1gG2

10 and IgG3, PCR mutagenesis is used, as described earlier in Examples 1 and 2 for
isotypes 1 and 4. in the same way C-terminal lysine deletions are also carried out on Fc
fusion proteins (bivalent or bispecific), in which biomolecules such as cytokines, soluble
receptors, efc., are components of an Fc fusion protein (examples: Alefacept, LFA-3-F,
Etanercept TNFR-Fc),

15 It is conceivable to extend the concept of codon deletion of C-terminal amino acids to
biomolecules such as e.g. erythropoietin (EPO) and Tissue Plasminogen Activator (tPA),
in which proteolytic cleaving of the C-terminal arginine is known (M.A. Recny, H.A. Scoble
and Y. Kim, J. Biol. Chem., 262 (1987) 17156-17163; Harris, R.J. (1995) Journal of
Chromatography A, 705 (1), pp. 128-134). The prerequisite is that the biological activity is

20 maintained or, as in the case of tPA, for example, proteolytic processing remains intact.

In transient transfections first of all a test is carried out to discover whether the deletion of
the C-terminal amino acid affects the expression and secretion. Then stable transfections
are camied out and the specific productivities and titres of cell pools which express
mutated proteins or wild-type proteins are compared with one another.

25
EXAMPLE 4: PURIFICATION OF IGG1 WT AND IGG1 -LYS
The working up is identical for isotype 1gG1 or the WT and the lysine deletion variant, The
protein A affinity chromatography (MabSelect, GE) is carried out according to the
manufacturer's instructions.

30 The quantification of the product yield after protein A chromatography is carried out using
protein A HPLC. The vields for both variants of the isotype 1gG1 independently of the
lysine codon deletion are over 80% (Fig. 8). The lysine deletion has no negative effect on
the affinity chromatography or the product yieid. The product heterogeneity with regard to
the C-terminal lysine is determined both qualitatively in the isoelectric focusing ( IEF) and
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EXAMPLE 5:RPuRIEH-AFION OF IGG4 WT AND 10G4 -LYS, For the isotype 1gG4 or the WT and the
lysine deletion variant the working up is identical 20to IgG1. B rbnr%‘?reﬁllgﬁ%gf PERF SRR B &

(MabSelect, GE) is carried out according to the manufacturer's instructions. The quantification of the
product yield after protein A chromatography is carried out using protein A HPLC. The yields for both
variants of the isotype IgG4 independently of the lysine codon deletion are also over 90% (Fig. 8). For
the isotype 1gG4 and its lysine codon 25 deletion, as in IgG1, it is confirmed that there is no negative
effect on the affinity chromatography or the product yield. The product heterogeneity with regard to the

C-terminal lysifwe iguietittatiesd uaridiatbelyiny L Chird 1@.an In.order to determine
the C-termina&%&igﬁ,’ i%gbéﬁg%rﬁﬁetantibod. sam rIigl,é%)aéret ﬁgktﬁre%éfucgéa Wlth]aé?jr#?‘hqenn ?ﬁ%efeﬁuced
light chain and the reduced heavy c%Sfﬁ%@-ﬁ%g\?ﬁt%u&t?%P@d%ﬁ@%ﬁ%‘iﬁﬁﬂ?l&yyﬁ@@ I§parated
by HPSEC sdparafelitasieanaisednivbalssequitnt (artineyfeptiddos-\S. Fine gistribulign gftheg
O-terminal lysiaeisk datheReR I -4 rHC 1-447. The mass spectrogram of
the heavg chﬁin Ishic_gﬁ;%he mass shiftE gﬁggj%;%ﬁ'%%g %@tg?u Ccégﬁeggr tng ?;g}c?o? WQ&D Gl1,
G2) (Fig."12). 'The ErodEI?:?”SrE?p%FﬁSHC(S‘Paﬁ%B%Qvﬁkﬁ/@fcefé%aaéfef@niﬁ@ownj@mww WiB O-tfteninal

lysines in theeh@uma éhaleafliys Windarlys2)rsptinpse)s 2088 (Fig. 10). EXAMPLE 6: THERMAL
STABILITY 5The determination of the thermal stability using intrinsic fluorescence (tryptophan) shows

na influence %ﬁ thg?]Part of the C-terminal lysine (IgG1 WT and -Lys Tm 69C; or IgG4 WT and -Lys
64C). The exChatiBHALGEREAGES iEPeBaipsranty HRFeRamY G isEdrt sp2iirom jssmenkit ed inliC

increments cweflew aatgefromZbith tandSi g bR AMBISSIOPSRRE A RFRIT]EOFLRA ?(Yrﬂwr\@%%%gﬁ% h
range ofcfronbﬁ%o?nrg eﬁé_oﬂmhpmrﬁggynﬁglﬁalﬁ{ ioflyorescence spectrometer LS55 Perkin
Elmer, siot width 4 nim for tlemparatira prio. 7). Tne column is charged with 40 pg antibody in
each case. The WT and the —Lys variant are each analysed with or without enzymatic
CpB treatment.
In the elution profile or overlay of the lgG1 WT the states of Lys1 and Lys2 are
represented by the basic peaks 1 and 2. The proportion of product is ~10 %. The elution
15 profile or overlay of the variant with lysine deletion shows very slight heterogeneity in the

basic region. The proportion of product is less than 1% (Fig.11).

EXAMPLE 5: - PURIFICATION OF IGG4 WT AND 1GG4 -LYS
For the isotype IgG4 or the WT and the lysine deletion variant the working up is identical
20 1o lgG1. The protein A affinity chromatography (MabSelect, GE}) is carried out according to
the manufacturer's instructions.
The quantification of the product yield after protein A chromatography is carried out using
protein A HPLC. The yields for both variants of the isotype 1gG4 independently of the
lysine codon deletion are also over 90% (Fig. 8). For the isotype 1gG4 and its lysine codon
25 deletion, as in IgG1, it is confirmed that there is no negative effect on the affinity
chromatography or the product yield. The product heterogeneity with regard to the C-
terminal lysine is determined quantitatively by LC-MS (cf. Figures 10 and 12). In order to
determine the C-terminal lysine distribution, the antibody samples are first reduced with
DTT. Then the reduced light chain and the reduced heavy chain (HC 1-446 without Lys or
30 HC1-447 with Lys) are separated by HPSEC separated and analysed in subsequent (in-
line) ESI-TOF-MS. The distribution of the C-terminal lysine is based on the peak areas for
the HC 1-446 or HC 1-447. The mass spectrogram of the heavy chain shows the mass
shift caused by the lysine as a function of the glycosylation (G0, G1, G2) (Fig. 12). The
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measuremenpenihe exsitation and emission side/PT100 iné@&%&@ﬂ'ﬁgelﬂﬁ%%%‘?%% rgpg%e}%c)ns

were 0.1 mg/mL in PBS buffer. The investigation shows that the C-terminal lysine o eavy
antibody chain has no influence on the thermal stability 150f the antibody molecule. Earlier
investigations had already shown that the C-terminal lysine of the heavy antibody chain has no
influence on the thermal stability of the antibody molecule (Liu et a/. Immunol. Lett. 2006, 106 (2),
144-153). 20 PATENT CLAIMS 1 Method of increasing the titre of a protein of interest of a cell,
characterised in that a. in a nucleic acid sequence which codes for the protein of interest, the codon

which codes fovdbet Gréptminabasitiboagiehbistuseis diaersirieh (156 £9UTSs Wiansfesiathuithsmyestor

which contairs,t %i,f' el % (0 aéj and ¢ the cell js cultivated under conditions that
permit the proc?u%%i%ﬂpo ﬁ?g(gyﬁeé%‘;% g}ésﬁp .rev%rae/?’nl?FH églfls cultivated under serum-free
conditions and 10e. the protein of interest being an antibody or an Fc fusion protein. 2. Method

according to glaaiR, Elgaracterisegirtal ther Hise jgyncreased by at least 10%, 20%, 50%, preferably
75% reIative.H% thé—:- Fomga{.ative \(alu% of the [k)ro,ﬁein without the deletion of the C-terminal amino acid
lysine 18 e determination of ihe thermai stability using intrinsic fluorescence (tryptophan) shows
no influence on the part of the C-terminal lysine (IgG1 WT and -Lys T, 69°C; or IgG4 WT
and -Lys 64°C). The excitation wavelength is 285 nm. The particular emission spectrum is
measured in 1°C increments over a range from 25°C to 85°C. The emission spectra are
recorded over a wavelength range of from 300 nm to 450 nm. Other technical data:
10 fluorescence spectrometer L1855 Perkin Elmer, slot width 4 nm for temperature

measurement on the excitation and emission side/PT100 in the sample.

The protein concentrations were 0.1 mg/mL in PBS buffer. The investigation shows that

the C-terminal lysine of the heavy antibody chain has no influence on the thermal stability
15 of the antibody molecule.

Earlier investigations had already shown that the C-terminal iysine of the heavy antibody

chain has no influence on the thermal stability of the antibody molecule (Liu et al.

Immunol. Lett. 2006, 106 (2), 144-153).

20
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3. Method according to claim 1, characterised in that the specific productivity of the cell is increased by
at least 10%, 20%, 50%, preferably 75% relative to the comparative value of the protein without the
deletion of the C-terminal amino acid lysine. 204. Method for preparing of a protein of interest in a cell,
characterised in that a. a group of cells is treated by a method for increasing the titre of a protein of
interest according to claim 1, b. these cells are selected from a) in the presence of at least one
selection pressure, c. optionally a single cell cloning is carried out and d. the protein of interest is
obtained from the cells or the culture supernatant. 5. Method for preparing at least one protein of
interest accorBifEN TRlAMIEharacterised in that the cells used for the preparation are additionally

subjected to a gepe giRbficRtinR siemafies slenb) hasdiren natriad aul.n Mathas aeeerdingto one
of claims 1 to 5, characterised in that the protein of interest s a ea\%{c@ain of an an
or'th

tibody. 10, 7.
Method according to clafm B 8hdPeRIALHAPHUERTE NELG) SRYR RISy 6?%%’%3%3/8’%%@1,
IgG2, 19G3 or 1gG4, preferatvgoof whicty pediesGar, @2 -6ry B4l 8rinethod st dirigleieshe of claims 1

to 6, characterised in thgt the.RI0iqiNAhIRIIETERAiS AEIRRRIEARLAANS!PRAL SaRBYTRIR. ukine,

chimeric, humanised, primate or human antibody or an Fc, Fc-Fc fusion protein or a fusion polypeptide
of one of the above-mentioﬁ@ﬂ‘ﬁ%@?ﬁs of interest with another peptide or polypeptide or an
Fc-peptide fusion proteip, athancEl-toxinifvated praieinc@ftiddetiiod aeconditie tprodectibolaiimsédto 7,
characterised in that the ceBlj&&ngy%%& suspension culture.

d. wherein the cell is cultivated under serum-free conditions and

10 e. the protein of interest being an antibody or an Fc fusion protein.

2. Method according to claim 1, characterised in that the titre is increased by at least
10%, 20%, 50%, preferably 75% relative to the comparative value of the protein
without the deletion of the C-terminal amino acid lysine.
15
3. Method according to claim 1, characterised in that the specific productivity of the
cell is increased by at least 10%, 20%, 50%, preferably 75% relative to the
comparative value of the protein without the deletion of the C-terminal amino acid
fysine.
20 4. Method for preparing of a protein of interestin a cell, characterised in that
a. agroup of cells is treated by a method for increasing the titre of a protein of
interest according to claim 1,
b. these cells are selected from a) in the presence of at least one selection

pressure,
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10. Method according to one of claims 1 to 9, characterised in that the cell is a 25eukaryotic cell,

preferably a mammalian cell. 11. Method according to claim 10, characterised in that the cell is a CHO

cell, preferably a CHO DG44 cell.

10

15

20

25

10.

c. optionally a single cell cloning is carried out and

d. the protein of interest is obtained from the celis or the culture supernatant.

Method for preparing at least one protein of interest according to claim 4,
characterised in that the cells used for the preparation are additionally subiected to

a gene amplification step after step b) has been carried out.

Method according to one of claims 1 to 5, characterised in that the protein of
interest is a heavy chain of an antibody.

Method according to claim 6, characterised in that the heavy chain of the antibody
is of the type IgG1, IgG2, IgG3 or IgG4, preferably of the type 1gG1, 1gG2 or IgG4.

Method according to one of claims 1 to 8, characterised in that the protein of
interest is a monoclonal, polyclonal, mammalian, murine, chimeric, humanised,
primate or human antibody or an Fc, Fc-Fc fusion protein or a fusion polypeptide
of one of the above-mentioned proteins of interest with anocther peptide or

polypeptide or an Fe-peptide fusion protein, or an Fe-toxin fusion protein.

Method according to one of claims 1 to 7, characterised in that the cell is cultivated

in suspension culture.

Method according to one of claims 1 to 9, characterised in that the cell is a

eukaryotic cell, preferably a mammalian celt.
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11. Method according to claim 10, characterised in that the cell is a CHO cell,
preferably a CHO DG44 cell.
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