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The market for biopharmaceuticals for use in human therapy continues to grow at a high
rate with over 900 biopharmaceuticals being evaluated in clinical studies and estimated
sales of 50 billions in 2010. Over the years, an increasing number of biopharmaceuticals is
produced from mammalian cells due to their ability to correctly process and modify human
15 proteins. Successful and high yield production of biopharmaceuticals from mammalian
cells is thus crucial and depends on the characteristics of the recombinant monoclonal cell

line used in the process.

Since most biopharmaceutical products are proteins that are secreted from the cells during
20 the production process, the secretory transport machinery of the production cell line is

another interesting target for novel host cell engineering strategies.

Protein secretion is a complex multi-step mechanism: Proteins destined to be transported to

the extracellular space or the outer plasma membrane are first co-translationally imported

into the endoplasmic reticulum. From there, they are packed in lipid vesicles and
25 transported to the Golgi apparatus and finally from the trans-Golgi network (TGN) to the

plasma membrane where they are released into the culture medium.

Many engineering approaches have employed the growing understanding of the molecular
networks that drive processes such as transcription and translation to increase the yield of

30 these steps in protein production. However, as for any multi-step production process,



networ ks that drive processes such as transcription and translation to
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15 However, previous approaches to target the post-translational machinery, have not
succeeded but rather led to contradictory results depending on cell line or product used in
the study or the initial productivity level:

- Overexpression of the ER-resident molecular chaperone BiP (binding protein
BiP/GRP78) unexpectedly resulted in reduced secretion;

20 - Enhanced expression of the enzyme protein disulfide isomerase (PDI) showed
contradictory results.

Secretion engineering using the transcription factor X-box binding protein 1 (XBP-1) was
observed to either have no effect or to enhance secretion, however, apoptotic cell death
was increased concomitantly, leading to an instable phenotype and preventing the isolation

25 of XBP-1 high-expressing clones.

Thus, at present, there are two major hurdles on the way to targeted manipulation of the
secretory transport machinery: The still limited knowledge about the underlying regulatory
mechanisms and the requirement to prevent a concomitant growth- inhibitory or apoptotic

30 response of the producer cell.
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production of proteins that are transported via the secretory pathway from eukaryotic cells.

See Florin et al., 2009 and patent application WO2008/107388, which is hereby

incorporated by reference.

CERT (also known as Goodpasture antigen-binding protein) is a cytosolic protein essential
for the non-vesicular delivery of ceramide from its site of production at the endoplasmic
reticulum (ER) to Golgi membranes, where conversion to sphingomyelin (SM) takes place
(Hanada et al., 2003).

20 We could now demonstrate that the CERT mutant S132A, which bears a Ser = Ala point
mutation and which is not phosphorylated by the protein kinase D any more, was
significantly more effective in enhancing secretion than the wild type protein.

Furthermore, we now show that the CERT S132A expression level correlates with its
secretion enhancing effect, meaning the higher the level of heterologous CERT S132A in

25 the cell, the higher the secretory capacity of said cell (FIGURE 2):

To investigate the correlation between CERT S132A expression level and specific
antibody productivity we analysed two clonal cell lines with low and two with high
expression levels of the CERT mutant, as judged by the signal intensities in intracellular
FACS staining (FIGURE 2A). In a seven-day fed-batch process, mock transfected control
30 cell lines showed an average productivity of 15 pced (FIGURE 2B). The specific

3



the cell, the higher the secretory capacity of said cell (FIGURE 2): To
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Good growth characteristics are especially important for a production host cell line, since a
low growth capacity has a negative impact on multiple aspects of the biopharmaceutical
production process by causing:
15 * Prolonged generation times of cells, which results in prolonged time lines in cell
line development
* Lower efficiency after single cell cloning and slower growth thereafter
* Longer timeframes during scale up, especially in the case of inocculum for a
production fermenter at large scale

20 » Lower product yield per fermenter run.

Thus, the specific problem solved by the present invention is to create a CERT S132A-
engineered host cell line that exhibits both:
* High expression levels of the CERT mutant S132A and
25 = optimal cell growth.

The present invention describes the generation of two such engineered CHO/CERT S132A
cell lines with optimized secretion and good growth properties. The monoclonal cell lines

provided in this invention are particularly useful as optimized host cell systems with



host cell line that exhibits both: Hi gh expression |evels of the CERT
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secretion and good grow h properties. The nonoclonal cell |ines provided in
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w t henhanced production capacity for the expression and manufacture of
reconbi nant protein products. The two cell lines were generated by
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* good growth in seed stock cultures (viability, doubling time) as well as
* optimal growth in fed batch cultures reflecting the industrial production process

(peak cell density, integral of viable cells over time (IVC), viability)

As the cell lines described in this invention only contain puromycin as selection marker,
they are compatible with the most widely used selection- and amplification systems
DHFR, glutamine synthetase (GS) and Neomycin (Neo) and thus can be used for
expression of recombinant antibodies without adaptations/changes in the design of

20 expression systems.

From over 100 CHO/CERT S132A clones generated, we selected in particular two novel

monoclonal CHO-DG44 derived cell lines according to these criteria, namely clone 2.20

and clone 2.41, which are deposited with the Deutsche Sammlung von Mikroorganismen
25 und Zellkulturen GmbH (DSMZ):

- The cell line, which we call “CHO/CERT 2.20” and which is deposited with the DSMZ

under the number DSM ACC2989, has a very high CERT S132A expression level and

very good growth characteristics, which are even better than those of the parental CHO

wildtype cell.



nmonocl onal CHO D44 derived cell lines according to these criteria, nanely
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DNA of cells of the ce |1 ne. For exanple, Ine is
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fr agmen? ofve%%OQ%érer@ah%&s&?rl%ﬁdwﬁ?@866 SV ehbeiaritian fioge Bgﬁleemﬁental o
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exanpl e described hereinafter and include EcoRV, H ndlIlIl, Kpnl, Ncol, Ndel,
Pvul |, SpelT,hisxmjl ling\¢ai [be Bequély dSaiibed by identifying junction fragments between the

inserted DNA and the adjacent chromosomal DNA of cells of the cell line. For example,
DNA of the cell line is digested with one or more restriction enzymes and such junction
15 fragments are identified, e.g by Southern blot analysis using a suitable labelled fragment of
the inserted DNA, leading to a specific band pattern identifying the insertion site in the
genome. Such restriction enzymes for example described hereinafter and include EcoRV,

HindIII, Kpnl, Ncol, Ndel, Pvull, Spel, Xhol, Avall, BstXI, Sall.

20 The present invention thus describes especially a cell line deposited with the DSMZ under
the number DSM ACC2989 and another cell line deposited with the DSMZ under the
number DSM ACC2990. For the purpose of this application these two cell lines are also

called “conCERT™” ¢ell lines.

25 Compared to the parental CHO-DG44 cell line, these two cell lines show increased
secretion rates of therapeutic protein products following transfection with the
corresponding expression plasmids as well as good growth characteristics. They integrate
the advantages of the CHO-DG44 host cell line (being well characterized, FDA-approved,

low risk of viral burden, high productivity, robustness, transfectability, growth in
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secretion rates of therapeutic protein products following transfection with
t he correspondi ng expression plasmds as well as good growh
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optim zed perfornmance in production processes. The specific conCERT(tm
cell lines exenplary described in the present invention contain an
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t he present ion is shown in Fl cont alns t ow ng

functional 182epeYlt)a stopCptiomagbd dwvintmsslptCgienimahdéarg golyadonyglaten signdlt i pl e
cloning site (MCS), polyadenylation signal, - CERT S132A expression

casset t'é, - expression cassette encoding the puronycin N-acetyl transferase
as sel ecti gmeMREKR cohfirRYKREY Wrl GenbRkibA 0of thOCh/CER Pt EIP!1Ine @ UL QBibe@RE the

present invention is shown in FIGURE 1B and contains the following functional elements:
- Cytomegalovirus (CMV) enhancer / promoter, multiple cloning site (MCS),
polyadenylation signal,

15 - CERT S132A expression cassette,
- expression cassette encoding the puromycin N-acetyl transferase as selection marker in
cukaryotic cells,
- origin of replication, and
- beta-lactamase expression cassette for ampicillin resistance in bacteria.

20
Antibody concentrations in conCERT™ cell lines are significantly higher compared to the
titers measured in stably transfected wild type cells, the average difference ranging from
1.5 — 2.5-fold (FIGURE 6). Thus, conCERT™ cell lines yield significantly higher product
titers than wild type CHO cells in a side-by-side comparison. These data demonstrate that

25 the CHO/CERT S132A cells deposited with the DSMZ under the numbers DSM ACC2989
(CHO/CERT 2.20) and DSM ACC2990 (CHO/CERT 2.41) are superior host cells for
recombinant protein production compared to the parental DG44 cell line. Specific
examples of conCERT™ cells as host cells for recombinant protein production are given
for IgG4- and IgGl-subtype antibodies, Fc-fusion proteins, single-chain-Fv (scFv)

30  molecules and nanobodies). But conCERT™ cells are also preferred host cell for



- beta-lactanmase expression cassette for anpicillin resistance in bacteria.
Ant i body concentrations in conCERT(tm cell lines are significantly higher
conpar ed WO 20tve12803ker s neasured in stably transfected wPCu/EPgQe/0s@he s, the
average difference ranging from1l1l.5 - 2.5-fold (FIGURE 6). Thus,
conCERT(tm cell lines yield significantly higher product titers than wld
type CHO cells in a side-by-side conparison. These data denonstrate that
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at the same tine reduce the ches that need to be p ed to
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The optimized conCERT™ cell lines of the present invention can be used for the
15 generation of one or several specific proteins for either diagnostic purposes, research
purposes (target identification, lead identification, lead optimization) or manufacturing of
therapeutic proteins either on the market or in clinical development. They are equally
applicable to express or produce secreted or membrane-bound proteins (such as surface
receptors, GPCRs, metalloproteases or receptor kinases) which share the same secretory
20  pathways and are equally transported in lipid-vesicles. The proteins can then be used for
research purposes which aim to characterize the function of cell-surface receptors, e.g. for
the production and subsequent purification, crystallization and/or analysis of surface
proteins. This is of crucial importance for the development of new human drug therapies
as cell-surface receptors are a predominant class of drug targets. Moreover, it might be
25 advantageous for the study of intracellular signalling complexes associated with cell-
surface receptors or the analysis of cell-cell-communication which is mediated in part by
the interaction of soluble growth factors with their corresponding receptors on the same or

another cell.

30



purposes (target identification, lead identification, |ead optimzation) or
manuf acturing of therapeutic proteins either on the market or in clinical
devel opnmew.20iMieyo3ar e equal |y applicable to express or pcodre@ss@net ed or
menbr ane- bound proteins (such as surface receptors, GPCRs, netall oproteases
or receptor kinases) which share the sane secretory pathways and are
equally transported in |ipid-vesicles. The proteins can then be used for
research purposes which aimto characterize the function of cell-surface
receptors, e.g. for the production and subsequent purification,

crystal |l i zDRESORINEIQN QIhnAHAE FEGUVREYr f ace proteins. This is of crucial

rcooptor & &1 GUTOT e T ) Rer B FATRON QR Bt Fradt, ST1 2% oG eionE

advant ageoyoN9TRUG study of intracellular signalling conplexes associ ated
with cellsurface receptors or the analysis of cell-cell-comunication which
i s medi at edA) nS@ematipyenrpwentatips od¢hq BlagdfERDISUIBEA qpesnsipn Casselds sonipingd trhei r

oy creadr RN RREL ARG BTN R A hyifl pREP AR RO
CONSTRUCT (28)0)Sahématid ccetledimes efepaditedn vaith tihe MSNZ CoRderS1B2 Angmpére SBSPN
cassette contained in the cell line deposited with the DSMZ under the

nunber DSMA&&%’@ HOAFRERMD. ol ah Yﬁeen@émer4pir<h@0tféﬁ6§het@dowgﬂowﬁ@s

DSMZ under “m;,e g
enhancer/ pr ormt er tgwﬁ%%ﬁega owﬁg??(a:%\/)é ear yjz?%g%%A Pf the_human

Fl ag(t m egiERHS1322ymuCHRTStG] 34 A smBNAdm{ SflkiﬁRhuBfamtﬁERa’ce&ﬁ@m rrut ant;
Stop = TGA sto cod 3'UR = 3" untra ted reqj B) Map of the
Veotor Eondbh oBIER Chibr eeien GoHt Bueh KBTI BNY 55'9@913@%% g B ey dimr
S132A (con@iﬁwﬂm SeeIA (doh@@mdﬁfsén 1%@ dbibrﬂa@&rpﬂh@%?é@énthﬂ\ye%ﬂbh0” The
plasmd was internally designated "pB ag- and has a size of
7660 The plasmid was internally designated “pBIP l/Flag CERT SA” and has a size of 7660

bp. Black arrowheads indicate binding positions of oligonucleotide primers suited for

identification of the conCERT™ cell lines. CMV = enhancer/promoter of the

15 cytomegalovirus (CMV) carly region, followed by a multiple cloning site (indicated by

unique recognition sites for the indicated enzymes); F1 ori = origin for replication in

bacteria; bla = beta-lactamase gene for ampicillin resistance.

FIGURE 2: CORRELATION OF CERT S132A EPXRESSION AND SECRETION
20  ENHANCEMENT
(A) Heterologous CERT S132A expression in IgG producing cell lines was measured by
intracellular labelling with anti-Flag antibodies. Based on signal intensity, clones #1-2
were classified as “low” (light grey dotted bars), clones #3-4 as cell lines with “high”
CERT-S132A expression (striped bars).
25 (B) Specific antibody productivity of the same cell lines in fed-batch cultures. The
productivities of all cell lines were calculated at three time points during the process as

product concentration divided by IVC (integral of viable cells).



bp. Bl ack arrowheads indicate binding positions of oligonucleotide priners
suited for identification of the conCERT(tm cell lines. CW =

enhancer /ywoanweso3ef the cytomegal ovirus (CW) early regcComp2diolosa@oed by a
multiple cloning site (indicated by unique recognition sites for the

i ndi cated enzynes); Fl ori = origin for replication in bacteria; bla =
beta-| actanase gene for anpicillin resistance. FIGJRE 2 : CORRELATI ON OF
CERT S132A EPXRESSI ON AND SECRETI ON ENHANCEMENT ( A) Het er ol ogous CERT S132A
expression in 1gG producing cell lines was neasured by intracellul ar

| abel | i ng MIGH RN i DETEG TAON OB diERSI ERRRESSHOINBYNEESTERNBLQTTING ones #1- 2

| assif,j ed "] ow' (light d | 3-4 | |
| hes i ¢ h Whlg e s i BlnsiC Bt § STBREERT LA Rel Cigpelopiiceaual
anti body pra@ugtsi Weiey s@jcddte t6 FIS-PRIJE lah@embidub@diatsdlo&t! ddkc@idn Usies

productivities of all cell lines were calculated at three tinme points
duri ng t he aptibrdiessraiged peadet gie Kegft'emitone fa8n di vi ded by | VC (integral of

ware cart 4 peBbactii e ARl gk G T R TR iRl I G e

equal anounksigh@EEb  tHejiregddednidrab SSMPAG |atidarsud gl enktr; | (e mep&dicontrol
detection using antibodi es rai sed against the Flag(t epitope tag. A
nunber of ey from maerkdrangtegicd selh{igep) o ik hrostbs: oattel. The i ndi vi dual cel |
| ines are designated by their clone nunbers. M = nol ecul ar wei ght narker;
(-) = negative control (lysates fromnock transfected cell lines); (+) =
positive cAMGURE 4F GHIEWIH REORWRIT PROPHERTIHEY (BR TCHD3 ZERcoSCBRA™) CELL

(conCERT(t , CULTURES Growt h characteristics of 15
CHO' CERT siﬁ%ﬁgﬁShpkkﬁgﬁggygﬁﬁﬁﬁghf oculumcul tivation. Cells were
gsle p;alz ned Gbwaebharflafttt 6819 LNGRIEOr §932A 3l SRnc& s norMAnSallitdiRd.

Cells were maintained at cell densities between 0.15 — 3x10° cells/ml and splitted every 2-

3 days.

(A) Ranking of the cell lines according to growth rate. (B) Viabilities over several
15 passages; The cell lines deposited with the DSMZ under accession number DSM

ACC2989 (CHO/CERT S132A 2.20) and DSM ACC2990 (CHO/CERT S132A 2.41) are

indicated by solid lines, all other clones by dashed lines.

FIGURE 5: GROWTH OF MONOCLONAL CHO/CERT S132A CELL LINES DURING
20  FERMENTATION

15 monoclonal stably transfected CHO/CERT S132A cell clones were subjected to fed-

batch fermentation over six days.

(A) Growth profiles of CHO/CERT S132A cell lines and the parental DG44 cell. The cell

lines deposited with the DSMZ under accession number DSM ACC2989 (CHO/CERT
25 2.20) and DSM ACC2990 (CHO/CERT 2.41) are indicated by solid lines, all other clones

by dashed lines.

(B) Integral of viable cell concentrations (IVC) for all cell lines over the six day process.

IVCs of CHO/CERT S132A cell lines selected in the present invention are indicated by

stripped bars, IVCs of the other CHO/CERT S132A clones are presented by black bars,

30 IVCs of parental cells are represented in hatched bars.

-10-



3 days. (A) Ranking of the cell lines according to growmh rate. (B)
Viabilities over several passages; The cell |ines deposited with the DSMZ
under accwexmni2sesrber DSM ACC2989 ( CHO CERT S132A 2. 20pCam2Q8NFAGC2990
(CHO CERT S132A 2.41) are indicated by solid lines, all other clones by
dashed lines. FIGURE 5 : GROMH OF MONOCLONAL CHQO CERT S132A CELL LI NES
DURI NG FERVENTATI ON 15 nonocl onal stably transfected CHO CERT S132A cell

cl ones were subjected to fedbatch fernmentati on over six days. (A Gowth
profiles of CHO CERT S132A cell lines and the parental D&4 cell. The cell
| i nes deposited with the DSMZ under accession nunber DSM ACC2989 (CHQO CERT

oiher ol ondRob T TereaMAARSON fr Naib P T ES s PG FELS dAdBR G0N,
(1VQ) for @ECREIED! IFREMOVEHOICERBI X142N RIEIASSSIN | YOMPARBENCERT FHIZA

cell Iines selected in the present invention are indicated by stripped
bars, |VCs PfRENBABIHEY CERF I8N32A cl ones are presented by bl ack bars,

covpaR SO GF ARy o1 RE AR W B R A e S it P Bk
S132A CELL3CMLIS0OVRARD ZIR T Q JHEaRABEINT ALCCRIY(DEUAOBEERTL? ME) Thevell as the
COnCERT(tm cell lines deposited with the DSMZ under accessi on nunber DSM

ACC2989 ( CheyeataR 309644 hestoaNl Aee20besiclcriy rrfectedayith gxpigasipn gengtrsts
parental CHO:JX#4, hosk %@I_t#ggonggoﬁasainﬁ%@;e transfected with expression
coding a h n-fg

constructs en -type nonocl onal antibody. Antibody titers
of the 10 Mmthedy tiexpoethsilAdigest exposkingrel pgels pey gamotype ape peserttetlini nbax box

10 plot depicting median titer and 25-75% quantile as boxes. Error bars indicate standard

deviations.

FIGURE 7: COMPARISON OF ANTIBODY TITERS / PROTEIN PRODUCTION
SECRETED FROM CHO/CERT S132A CELLS IN COMPARISON TO THE
15 PARENTAL CHO DG44 CELL LINE
The conCERT™ cell lines deposited with the DSMZ under accession number DSM
ACC2989 (CHO/CERT 2.20) and DSM ACC2990 (CHO/CERT 2.41) as well as the
parental CHO-DG44 host cell line (Classic) are transfected with expression constructs
encoding a human IgG4-type monoclonal antibody. The 10 highest expressing cell pools
20 per genotype are selected.
(A,B) Specific productivities (A) and antibody titres (B) of the 10 highest expressing
monoclonal cell lines generated from the cell pools for each genotype are presented in a
box plot depicting median titer and 25-75% quantile as boxes. Error bars indicate standard
deviations.

25
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pl ot depicting nedian titer and 25-75% quantil e as boxes. Error bars
i ndi cate standard deviations. FIGURE 7 : COVPARI SON OF ANTI BODY TI TERS /
PROTEI N RRORUOTI2€082 SECRETED FROM CHQ' CERT S132A CELLS | RCC@vRARIOSON TO THE

PARENTAL CHO D44 CELL LINE The conCERT(tm cell lines deposited with the
DSMZ under accessi on nunber DSM ACC2989 (CHO CERT 2.20) and DSM ACC2990
(CHO CERT 2.41) as well as the parental CHO D&X4 host cell line (d assic)

are transfected w th expression constructs encoding a human | g&4-type
nonocl onal anti body. The 10 hi ghest expressing cell pools per genotype are
sel ect ed. (IIEB%I@E@ESGR@PBHDN@E'RHEQNVEWWant| body titres (B) of the

10 hi ghest nonocl onal cell lines generated fromthe cell pools
for each ggﬁ§ﬁ§@gﬁg§g presented in a box plot depicting nedian titer and

25- 75% quanthie! ondfal REXRYimEItS OtoRpFising’ Nk CRbBpHt@NdaIdnfiew el Mos BibMdED
DESCRIPTICN THE | NVENTI ON DEFI NI Tl The general enbodi nents

"conpri si ngmbedimaend pelssdiay wnc diptisanarnesinpilar spbplurilcioanh @ai Aetnhesed in a
conS|st|nqm91 gh%thernnre singular and plural forns are not used in a
Ilnltlng way R used in the course of this present invention have the

fol | owi ng TRams 0ged il he doarsof Ckpreserli@reatibohiahe ldmisemtadngf er protein
CERT, which is also _known_ as Goodpasture antigen-binding protein. CERT is a

cytosol i ¢ pghstieinh “eERdntreigrs oghe @ﬁ@nﬁ%t%ﬁﬁ‘rcnrpﬁm @ERTvé\ffswhoxs adse sAvERaY r om
its site ofg p&’s'é&fe'aﬂﬂ A-bibf %}Qﬁﬁl aé?ﬂﬁ &t )%k%olﬁ &B)n s@en%E%the non-

menbr anes, e conve sl on t phi ngonyel 1n kes place nada et
al , 2003). vesicular delivery of ceramide from its site of production at the endoplasmic reticulum

10 (ER) to Golgi membranes, where conversion to sphingomyelin (SM) takes place (Hanada
et al., 2003).
The terms “CHO/CERT”, “CHO/CERT SA”, “CHO/CERT S132A” are used
interchangeably. Furthermore, the cell line designations “CHO/CERT 2.20”, “CHO/CERT
SA 2.20”, “CHO/CERT S132A 2.20” are used interchangeably and all of them describe the

15 same cell line clone 2.20, deposited under the Accession Number DSMZ DSM ACC2989.
The cell line designations “CHO/CERT 2.41”, “CHO/CERT SA 2.41”, “CHO/CERT
S132A 2.41” are used interchangeably and all of them describe the same cell line clone

241, deposited under the Accession Number DSMZ DSM ACC2990.

20  The term “derivative” in general includes sequences suitable for realizing the intended use
of the present invention, which means that the sequences mediate the increase in secretory

transport in a cell.

“Host cells” in the meaning of the present invention are cells such as hamster cells,
25 preferably BHK21, BHK TK', CHO, CHO-K1, CHO-DUKX, CHO-DUKX B1, and CHO-
D@44 cells or the derivatives/progenies of any of such cell line. Particularly preferred are
CHO-DG44, CHO-DUKX, CHO-K1, CHO-S and BHK21, and even more preferred CHO-
DG44 and CHO-DUKX cells. In a further embodiment of the present invention host cells
also mean murine myeloma cells, preferably NSO and Sp2/0 cells or the

30 derivatives/progenies of any of such cell line. Examples of murine and hamster cells which
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The terns "CHO CERT", "CHO CERT SA", "CHO CERT S 132A" are used

i nterchangeably. Furthernore, the cell |ine designations "CHO CERT 2. 20",
" CHO CERW6A0/128032 " CHQ CERT S132A 2. 20" are used i nt ercharg@aldobepoand al |
of them describe the sane cell line clone 2.20, deposited under the
Accessi on Nunmber DSMZ DSM ACC2989. The cell 1ine designations "CHO CERT
2.41", "CHQ CERT SA 2.41", "CHQO CERT S132A 2.41" are used interchangeably
and all of them describe the sanme cell line clone 2.41 , deposited under

t he Accessi on Nunmber DSMZ DSM ACC2990. The term "derivative" in general

i ncl udes sequénaoesd suihcabtaifooef theninventngn sleelsonsiemdanizedsie Toble heHpweswmnt
i nvention, which ans that. the sequences nedj.ate .the ingcrease in.secretory
transport AIYRT ProBpisS o digtF ¢35 b npBEA iy ot eruipreLaneet e fon
are cells sughnamidan®! flonk®), lafid aRT8f @ RbleyabBHKEnt BHKIIA, or ChlQry&etdQedfs,
CHO- DUKX, CHO-DUKX BI, and 4 cells or the derivatives/progenies of
any of suchndeding putywt lipgiedite yieast llgscpl adarand geldy, sarcHey beased Tt mepag of
CHO- KI, [ CHQ:S; - - v - nd . CHO- DUKX
cells. In a 1? ﬁlg{%ﬁtér ﬁn%%&%@gr@ @P pWdélgtﬁ(?%éibﬁéﬁ@%%%%ﬁ%gﬁ&ceI | s al so
mean nuri naABEE ome cel Eakarpotid prodtdtionNSDliasd Sp2/ 0 cell's or the

derivati vesﬁawww_%ﬁ%&%&s_of_m%
hanster celd INtcan be used in the neaniGRPBR N ERvention are al so
summari ze FTabtre—t—tHowever—dertVvatTrvesy Ti f—those—~cetts—oth
manmmal i an éﬁq s, including but not lim tedﬁ%qg%nsgmég? rat, nonkey, and

avi an or prpberably rodent cell Tines, or [evkaryY®i-¢s¢ells, 1ncluding but
not limted to yeast, insect and plant cellls, can also be used in the

meani ng of|BHK2T i nvention, particularly fdAEeGslodction of
bi ophar maceutical—protetns—FTABLET—FEukaryoti c-nroductigo—cetHH—tnesHost
cells are %@KT& ef erred, when being estabﬁ%g(.a?%aggﬁlé‘g, and conpletely

=

free of at) ' ot er i pep &1 de of ani o or o AC EoEt 21 ol Ly avai bl o medija
such as Hambs4k622 (BEIIR deRitBeNhof en, ATCC CRL-8544

CHO ECACC No. 8505302

CHO wild type ECACC 00102307

CHO-K1 ATCC CCL-61

CHO-DUKX ATCC CRL-9096

(= CHO duk’, CHO/dhfr)

CHO-DUKX B11 ATCC CRL-9010
CHO-DG44 Urlaub et al., 1983
CHO Pro-5 ATCC CRL-1781

V79 ATCC CCC-93
B14AF28-G3 ATCC CCL-14
PER.C6 (Fallaux, F.J. et al, 1998)
HEK 293 ATCC CRL-1573
COS-7 ATCC CRL-1651
U266 ATCC TIB-196
HuNS1 ATCC CRL-8644
CHL ECACC No. 87111906

-13-



Germany), RPM - 1640 (Sigma), Dul becco's Mdified Eagle's Medi um ( DVEM
Sigma), Mnimal Essential Medium (MEM Sigma), |scove's Mdified Dul becco's
Medi um ( IWDKD10Bi2g082) , CD- CHO (I nvitrogen, Carlsbad, CA) PCTHP2B0/0606009 r ogen),
serumfree CHO Medium (Sigma), and protein-free CHO Medium (Sigm) are
exenpl ary appropriate nutrient solutions. Any of the nedia may be

suppl enented as necessary with a variety of conpounds exanples of which are
hor mones and/or other growh factors (such as insulin, transferrin,
epidermal growh factor, insulin like growh factor), salts (such as sodium
chl oride, calcium magnesium phosphate), buffers (such as HEPES),

nucl eosi de u as adenosi ne, thymdine),,.ql ytam , ucose nor ot her

Do vor ent HEFGD €2 pROERRAT, whiy Prbe Shnidet SR SR ERRl cMEREL oy
suppl ement sing@Yscalns @f_e@ @oﬂdiﬁd)ﬂég el SitichRRY aPhicalsvigemn %rﬂereaiﬁ aft @rdt@i@]lp eibﬁ&% d
be known to those skilled in the art. In the present invention the use of

ser um f r ee ofredimporiging Comemareidlly puailahteanedia spel endemedt Wi (Shgma.deiseabpen,
t of > | 4 i 10St = t he
arowt h and ERD; RRFLFIBTSRE, DYoekiy PRl RiediR pSAY® side,

sel ect abl e M@ivgala EsséntialbMedseh eQMEND 8igal, isoasderiodfiddh®ulisetd/s eMegidhlim
The term "protein” is used interchangeabl i/ with am no aci d_ residue

sequences 6¥M9M3y%i§ﬁ’£a?’d€1)aﬁﬁor @P@F@g?lb_ GHlpadr SAdf C%'ﬁdnﬁépa@)ofer&ﬂ]yﬁee
| engt h. Th%tﬁédﬁrﬂb%ﬂlag,%gﬂ&eﬂﬁf’éeetﬁ% M%ﬁfun?(ﬁ%@%s%r;en%{cgﬁﬁlkﬂﬁ AR aYe

nodi fied through reaction ncl ude, but are' n

gl ycosyl at innfrienasdtydrast iAmy,of phospharminabe suppdemprat e neqessacessthrgvariety of
Modi fi cations and, changes, .for exanple fusiognps to othe rotei ns, am no
aci d schueRBEPSHISATP|c/9E WhiGh HE MBHEORS RS PHICEREME F 8 GHEBES TP Wi

structure QfandeRf, YPRR AL \MNith 2&thE iARIIBEMLE BRI tALFAERS), 4% Queh 9k6@um
functional activity. For exanple certain am no acid sequence substitutions

can be madehlonidg, @ddiypemapasiun, nhosphadebuffirn(sunies BIEPESS miickbodidag(sselyaence
and a protei,n can he obtained with |Iike properties, The term"pol tide"
moans b SoqtIEHEa u SRTBRe R o R et g A R FurbS HRARE
trace elements. Any other necessary supplements may also be included at appropriate
15 concentrations that would be known to those skilled in the art. In the present invention the
use of serum-free medium is preferred, but media supplemented with a suitable amount of
serum can also be used for the cultivation of host cells. For the growth and selection of
genetically modified cells expressing the selectable gene a suitable selection agent is added
to the culture medium.
20
The term “protein” is used interchangeably with amino acid residue sequences or
polypeptide and refers to polymers of amino acids of any length. These terms also include
proteins that are post-translationally modified through reactions that include, but are not
limited to, glycosylation, acetylation, phosphorylation or protein processing. Modifications
25 and changes, for example fusions to other proteins, amino acid sequence substitutions,
deletions or insertions, can be made in the structure of a polypeptide while the molecule
maintains its biological functional activity. For example certain amino acid sequence
substitutions can be made in a polypeptide or its underlying nucleic acid coding sequence
and a protein can be obtained with like properties.

30
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"peptide" neans sequences up to 10 ami no acids | ength. The present
invention is suitable to generate host cells for the production of

bi ophar neweubiociaospol ypepti des/ protei ns. The invention PETERea100408Y | Y
suitable for the high-yield expression of a |arge nunber of different genes
of interest by cells show ng an enhanced cell productivity. "Gene of
interest" (GO), "selected sequence", or "product gene" have the sane
meani ng herein and refer to a pol ynucl eoti de sequence of any |ength that
encodes a product of interest or "protein of interest”, also nentioned by
t he term " déwitema “polypenditdt’” nihes s skeumed vaétquerccae df dneinp wiclds|adghd tam a
truncated gen a fusion or tagge ene, and can be a cDNA, a genom c DNA
or a DNA frgaﬁgﬁtPK%?%¥@P§5?§?83)ﬂh%ﬂpoﬁf%Q%ngb the native sequence, i.e.
natural |y ageuipkdstét figFamtisn , isOfsufiale PR MidhahRd Mkt QAher RS theilddiicaen ast
desired. These nodifications include codon optim zations to optimze codon
usage in t héeopdermasceetdcah polynsetides/ motesi Zae | orendiont kgparteplarfhsusdile dpedhe
sequence can .e d r ! \: b 0
el surt ad e EREA G P §h o dehus YRR BE e D UEA S B FRIE L0 SR

pol ypept i desharcedgstepoduétheryeof , peptides, all of which can be expressed in
the selected host cell. Desired proteins can be for exanple anti bodies,
enzymes, cytokines, |ynphokines, adhesion nol ecul es, receptors and

derivati ves Qe bF aegeHt ke » o her. | Pt 08§t L Rer ve
as agonistsC%regntaggﬂig?gﬁgn%%%?aﬁgggé?%é#%pid%ﬁg %gﬁﬂi§g§o§1¥%kus§gnﬁf
Exanpl es f dieredn dedirefed tpropedimichotigpapqucdec af engllewtlyithe renbedesva ptadlutthef

case of nore conpl.ex nol cules”;ﬁch as.noﬁgclonal Qgtibgdie Lh% €O
encodes'® ond G LYt RTSFNIERRY eHtq BERRPICHRY RS FRe dopet dtiqucht Pntdrdet -
may al so bge@Rnadtis8RIEI ﬂlBP%QFﬁk&éd%kn&ﬂ%ﬁkﬁﬁiarQ&g&ﬂgéki%ﬁdQ%R%%hﬂs"

are those nentioned above. Especially, desire
cDNA, a genomic DNA, or a DNA fragment, preferably, a cDNA. It can be the native

sequence, i.e. naturally occurring form(s), or can be mutated or otherwise modified as
desired. These modifications include codon optimizations to optimize codon usage in the
15 selected host cell, humanization or tagging. The selected sequence can encode a secreted,
cytoplasmic, nuclear, membrane bound or cell surface polypeptide.
The “protein of interest” includes proteins, polypeptides, fragments thereof, peptides, all of
which can be expressed in the selected host cell. Desired proteins can be for example
antibodies, enzymes, cytokines, lymphokines, adhesion molecules, receptors and
20  derivatives or fragments thereof, and any other polypeptides that can serve as agonists or
antagonists and/or have therapeutic or diagnostic use. Examples for a desired
protein/polypeptide are also given below.
In the case of more complex molecules such as monoclonal antibodies the GOI encodes
one or both of the two antibody chains.
25

The “product of interest” may also be an antisense RNA.
“Proteins of interest” or “desired proteins” are those mentioned above. Especially, desired

proteins/polypeptides or proteins of interest are for example, but not limited to insulin,

30 insulin-like growth factor, hGH, tPA, cytokines, such as interleukines (IL), e.g. IL-1, IL-2,
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prot ei ns/ pol ypeptides or proteins of interest are for exanple, but not
limted to insulin, insulin-like growh factor, hGH tPA cytokines, such
as interlwokomwes@kL), e.g. IL-1, IL-2,1L-3, IL-4, |L-5pPCIIEPE)10l0E6039 | L- 8,
lL-9, IL-1Q IL-I I, IL-12, IL-13, IL-14, IL-15, IL-16, I1L-17, 1L-18,
interferon (I FN) al pha, IFN beta, |FN ganma, |FN onega or |FN tau, tunor
necrosi sfactor (TNF), such as TNF al pha and TNF beta, TNF ganma, TRAIL;

G CSF, GwW CSF, M CSF, MCP-1 and VEG-. Also included is the production of
eryt hropoi etin or any other hornmone growth factors. The nethod according to
t he i nvent ilb3, dbrt, alLsSo Ib, dAbv/amt-&géb¥s 1~ 10s 8at 11 oFL-p2,0d k3, |Ibr1140fILd|5t lbdéi es

or fragnent S ch clu e. fragne rrent
ant 1 gon- bi g e Rajertepaty 1 R FRBRENTRETEN St APV S REERE PG AT

bot h chai n%e%'m@ﬂct@f QTN@b ducRISt R alﬁhataﬁ'ﬁ B a8 TP RehaRt TROIILO G- cihese
may be forne prot ease digestion, e.g. with papain, from convent i onal

ant i bodi es, GMc@ngl%@Sfr %B—lfMg%ﬁFsAHaynCé‘ll@d ip éherrodistied of Arytiepeietinot i me
by genetic aﬁg% Iﬂe?el{o'n%gne FPJv&tﬂefag%%t 'T%%q%{etfl %%&‘8 'tgcthé’qﬁvegg&? A also b
ro peEpsin. The

fragnents, re are ytirc gavin

protein of advaxﬁag%shslysls@d &frqfra@lhqnolh&cfca\nabsdleﬁ b@ﬁﬂagﬂﬁnﬁsuhéﬂébﬁ Siediftipnashta
secreted pol %peptl or it can be recovered from host_ cell %sat es if
tpdsig

expressed W £abef&g§teaFS¢F§4g§ﬁ‘ar antjgenibyndipg sd@ht Jap dragen®rortE itk ei n
of inter eStvaﬁatﬁF‘rgé of‘ GSATPRLARRINi ] QLEANS tfg% eP%g thQ%h}ac t QoL ﬂegmﬁ way

t hat substanti a nogenous preparations o rotern o interest are
obt ai ned. Aecac frma@sbe solped dbgldretcand/dogespant, iccgil aith paghin, dedmni @naretipeabved

fromthe cul tur di um.or | ysat e. The roduct of interest thereafter is
purified { PBibeciny T HAHiker Eab g@eBP‘dfP O%BQW{%B@ RS e GG PILENSHS ds,

for exanpl engii¥erfdoaCitirtRAt idiBo@ fdPMARAliAdlidd FPEL VO RAEARNGShIER! MATShe
ethanol precipitation, reverse phase HPLC, Sephadex chromatography,

chr omat ogr@qudrbmrbteob’tlomleawnaVaéﬂtpapﬁlnexchange re5| n such as DEAE. In
general , hods, t ea persan hpow rotein

et or ol bao e BE SR B hisopcfafifly SR ARy R fonttle pRgRif 68l secreted

polypeptide, or it can be recovered from host cell lysates if expressed without a secretory
15 signal. It is necessary to purify the protein of interest from other recombinant proteins and
host cell proteins in a way that substantially homogenous preparations of the protein of
interest are obtained. As a first step, cells and/or particulate cell debris are removed from
the culture medium or lysate. The product of interest thereafter is purified from
contaminant soluble proteins, polypeptides and nucleic acids, for example, by fractionation
20 on immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
Sephadex chromatography, chromatography on silica or on a cation exchange resin such as
DEAE. In general, methods teaching a skilled person how to purify a protein heterologous
expressed by host cells, are well known in the art.
Using genetic engineering methods it is possible to produce shortened antibody fragments
25 which consist only of the variable regions of the heavy (VH) and of the light chain (VL).
These are referred to as Fv fragments (Fragment variable = fragment of the variable part).
Since these Fv-fragments lack the covalent bonding of the two chains by the cysteines of
the constant chains, the Fv fragments are often stabilised. It is advantageous to link the
variable regions of the heavy and of the light chain by a short peptide fragment, e.g. of 10

30  to 30 amino acids, preferably 15 amino acids. In this way a single peptide strand is
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Usi ng genetic engineering nethods it is possible to produce shortened

anti body fragnents which consist only of the variable regions of the heavy
(VH) and wb 2btee12Bi3ght chain (VL). These are referred toPra3/EPRONXINENL S
(Fragnent variable = fragnent of the variable part). Since these
Fv-fragnents | ack the coval ent bonding of the two chains by the cysteines
of the constant chains, the Fv fragnents are often stabilised. It is
advant ageous to link the variable regions of the heavy and of the |ight
chain by a short peptide fragnent, e.g. of 10 to 30 ami no acids, preferably
15 ami no a®btigned qonsikfing mﬁ‘]Haandl‘ﬁgl laﬂq@é;bwwd[@pgﬂﬁ dinkeri Aobngbedsdprotms D‘éthnsng
of VH and VL, linked b An. an tein.of

"5 known adis iSRS =2k aaeey ™ ERsaaPied ShitgciuBad Fiskit: o Bisdint
this kind &ﬂgWﬁﬁ%@pﬂk%ﬁ@r@ﬁlor art. In recent years, various strategies
have been devel oped for preparing scFv as a nultineric derivative. This is
i nt ended t dn Frecgat ydaps, yareusciiatagicstheve beardsivalaned Stnrensaing Schiy eha myhiresed

phar macqki :&ghbé‘tlx%”f'hlg'lé)ﬂue%tde& by {]elac? T BB Rﬁ%fatf't‘c?sfecao%b"‘ﬁint Pﬁﬁo‘é&@i\ﬁﬁﬁﬁg@@&?

bi ndi ng "av Imeri Sat i on o vV were

pr epar ed a@hﬁﬂﬁdc@k\lnﬁﬁi@&rﬁi madlmfﬂohn@mbﬁopefelres saiveloas daiamdiSased bidding avidity. In
mul timerisation donai ns na be, g the CH3 region of an | gG or coiled
coi | structoifd tp Aehipye gy tHB?fEﬁaélgﬁl of therscRy. oY §ie Propgesd %f(f#&lpﬂé’mtpk?\ﬁ@(}@r

there are %lﬁam%hlg&foﬁ%%lﬁsn p@kﬁpth%&?ns&lhtgl{l%%ﬁgfggﬁa&p@% \é’%eﬂlet@ﬁ3 Yé-gléﬁof an

regi ons of the sckFv are used r-
pentabodleﬂgG(ByxmkdbndwnthHS@uﬁkeﬁnm&ma@mudeanieanbuypkedbnmmmDHOWEWﬂp

scFv derivative. The shortenin f the Linker a | ecule.to 5-
o o g6 qahirt G s EHSP SR RICB S FrarH R Ee TRl Beeto i & he s,
VH VL-s Uperakemﬁ&%l' M 2413 Bﬁﬁﬁﬁer%ﬁ&? (e. %rcﬁﬁ’o%-eﬁnd@é’ntmlés‘f) 0@53"(1 aY)oQ?th'*et ﬁ(‘?l'léd sed

by the incorporation of disul phide i dges. Exanpl es di abody- ant i body
prot ei ns amersknawaans a bivedéend hpmodmmaric YV r@lﬁnvabtydyThths‘wniﬂgelf thelgdw meams a

b e e TORULEE ST SerAN B Rk BROBHR o by B BB PRI

inter-chain VH/V L-superimposition takes place. Diabodies may additionally be stabilised

15 by the incorporation of disulphide bridges. Examples of diabody-antibody proteins are
known in the prior art.
By minibody the skilled person means a bivalent, homodimeric scFv derivative. It consists
of a fusion protein which contains the CH3 region of an immunoglobulin, preferably IgG,
most preferably IgG1 as the dimerisation region which is connected to the scFv via a

20  Hinge region (e.g. also from IgG1) and a Linker region. Examples of minibody-antibody
proteins are known in the prior art.
By triabody the skilled person means a: trivalent homotrimeric scFv derivative. ScFv
derivatives wherein VH-VL are fused directly without a linker sequence lead to the
formation of trimers.

25 The skilled person will also be familiar with so-called miniantibodies which have a bi-, tri-
or tetravalent structure and are derived from scFv. The multimerisation is carried out by di-

, tri- or tetrameric coiled coil structures.

The person skilled in the art will also be familiar with polypeptide molecules which consist

30 of one or more variable domains of the single-chain antibody derived from lamas or other
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nost preferably 1gd as the dinerisation region which is connected to the
scFv via a Hinge region (e.g. also fromlgd) and a Linker region. Exanples
of m ni bodg-2arwizkBdy proteins are known in the prior arPCTEBP2a10/0adv0dy t he
skilled person neans a : trivalent honotrimeric scFv derivative. ScFv
derivatives wherein VHVL are fused directly without a |inker sequence |ead

to the formation of triners. The skilled person will also be famliar with
so-call ed m ni anti bodi es which have a bi-, trior tetravalent structure and
are derived fromscFv. The nmultinerisation is carried out by di- , tri- or

t et raneri c apmhdledonotihe famniyof naredidaThdupbewmme.gké persdn skillehen thetarinis lawaad so
be famliar .wth pol ptide | ecul es. whi ¢ onsist. of .one or re

vari abl e ashareEs HRERKRG Lo LRI bty R 1 sk oy ST A eforred

ot her ani makg§ af F@ombaheartdaticy” obosanelntiaey vakhhth GhiTRdE sevich® drehs@Nvakdbid ed
in the art is aware of derivatives and variants of such canelidae

ant i bodi es . domah whitheigicevalantly congectedbes perfidedinger. " domai n ant i bodi es".
Dorrmi o . . Al : )
mai n ant ifhody. var i anks hé}gﬁgegggagfaﬁ%gﬁﬁoncﬁ%sr Hﬁ?gg ig\éﬁ‘ér'at%g ShidP TRl ﬁgﬁe@’% iCaPe,

are coval ently connhected crease serum

donai n ant ipbbgicpsdcCcMmbidDe s@dNgy ait attivdiiyClic-pare of ugethet proacipnPryRapid te tisidet y
such as an anti body Fc-part or another protein present in the blood serum
such as al Behsuchys elbuBt.ol d proteins" a skilled person means any
functional domain of a protein that is coupled by genetic cloning or by
co-transl ati onal processes with another protein or part of a protein that
has anot heByf treffoldmpro®nsdef skiliddi pmscmnyeas gugrfoedional denas dfnt produc it iint o

a host cell are, called. "heterol pgous sequences" or "heterol ogous genes" _or
"t r ansgéneSOURIFY Ry Beglisoning PRRY ﬁ%-ér@nﬁgtmn,afa%ﬁ%ﬁ with@npther e Ré¥hBknce
or gene is 4ifigRld & hal anAReSQAQHRNOUS sequence or gene in the host cell.

By definition any sequences or genes introduced into a host cell are called “heterologous

sequences” or “heterologous genes” or “transgenes” with respect to the host cell, even if
15 the introduced sequence or gene is identical to an endogenous sequence or gene in the host

cell.

A “heterologous” protein is thus a protein expressed from a heterologous sequence.

The term “recombinant” is used exchangeably with the term “heterologous” throughout the

specification of this present invention, especially in the context with protein expression.

20  Thus, a “recombinant” protein is a protein expressed from a heterologous sequence.

Heterologous gene sequences can be introduced into a target cell by using an “expression
vector”, preferably an eukaryotic, and even more preferably a mammalian expression
vector. Methods used to construct vectors are well known to a person skilled in the art and
25 described in various publications. In particular techniques for constructing suitable vectors,
including a description of the functional components such as promoters, enhancers,
termination and polyadenylation signals, selection markers, origins of replication, and
splicing signals, are reviewed in the prior art. Vectors may include but are not limited to
plasmid vectors, phagemids, cosmids, articificial/mini-chromosomes (¢.g. ACE), or viral

30 vectors such as baculovirus, retrovirus, adenovirus, adeno-associated virus, herpes simplex
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A "heterol ogous” protein is thus a protein expressed froma heterol ogous
sequence. The term "reconbi nant” is used exchangeably with the term

"het er ol oyousio/wei3eughout the specification of this pre®EmEPRIVARMODDN,
especially in the context with protein expression. Thus, a "reconbi nant™
protein is a protein expressed from a heterol ogous sequence. Heterol ogous
gene sequences can be introduced into a target cell by using an "expression
vector", preferably an eukaryotic, and even nore preferably a mamal i an
expression vector. Methods used to construct vectors are well known to a
person ski Mg, irgtravitesey tbagiedoplenses.i hed dukanyatic ourprepuiohi rettoronwill Itppically
particul ar techni.ques for .construct] sujtaple vectors, .i.ncluding, a, .
escri pt | of BRI e PrkeBPERrBrdharS el Hequs st bf L SshRa e bferis
term nati oRuangk APbYFAITYEFIcaBEh 8hdBRibIotiSRbEGhEOLn¥B FliSefocti®h ibatgerf A
replication, and splicing signals, are reviewed in the prior art. Vectors
may i ncl udeapety af ecukatyofif nixisesstan pylelers doontenisg s2 ¢Ragendids  inwosrhiels a
articificial/mni-chr . s 00 M eGL o

pacul ovr o TUPeaE SEPSRTE Rl 1L oL I R4 S S Rl D e

si npl exvi r gsmni@tiallyi avidfigslc fhabtcempapitagash ad Baatigka Vol Jotla@ XN ;8 Sit@gen,
vectors wll typically contain al so prokaryotic sequences that facilitate
the propagétarlebadef-As Reomeges MadisanpWd ve BDBioseipncss Clontesh; Bala Ato. (bl i cati on
and antibiotic resistance genes for selection in bacteria. A variety of
eukaryoti c expression vectors, containing a cloning site into which a

pol ynucl eotln de poderrdae cmpediatent/ oy ckpradséah, verter wedprisasoanleast drieenai¢ic aavdl

some are commercially availahle from conpani es such as .Strat agene, lLa
Jol la, '€A; SPHHRAET S ,IScsrrF%lﬁ%%afy muewgﬁ@awrw?% CYIeriRiorp ppHapi YLy ehces

C ontech, RBabRotid Rqu&hes that ehcBEETR L RAHETRAM FRAL pEIEN SXRILGSST ON vect or
conprises at |east one nucleic acid sequence which is a regulatory sequence

necessary for transcription and translation of nucleotide sequences t hat )
cneode 1 or RSBh SRRIYPCALRROUR B "V eRb TR B 57 e
nucl ei ¢ acihgdtcPREARRGRCING Vi s@ubR&twitifhla. hobheell. avelievefl oLXi&SRnAT alfesided
des| redls product/ protein of interest in a host cell may be determined on the basis of either the
amount of corresponding mRNA that is present in the cell, or the amount of the desired
polypeptide/ protein of interest encoded by the selected sequence as in the present
examples. For example, mRNA transcribed from a selected sequence can be quantitated by
Northern blot hybridization, ribonuclease RNA protection, in situ hybridization to cellular
20 RNA or by PCR. Proteins encoded by a selected sequence can be quantitated by various
methods, e.g. by ELISA, by Western blotting, by radioimmunoassays, by
immunoprecipitation, by assaying for the biological activity of the protein, by
immunostaining of the protein followed by FACS analysis or by homogencous time-
resolved fluorescence (HTRF) assays.
25
“Transfection” of eukaryotic host cells with a polynucleotide or expression vector,
resulting in genetically modified cells or transgenic cells, can be performed by any method
well known in the art. Transfection methods include but are not limited to liposome-
mediated transfection, calcium phosphate co-precipitation, electroporation, polycation

30 (such as DEAE-dextran)-mediated transfection, protoplast fusion, viral infections and
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product/ protein of interest in a host cell may be determ ned on the basis
of either the anount of corresponding nRNA that is present in the cell, or
t he amourwoahiwizgoddesi red pol ypeptide/ protein of interest/EPacodedoby the
sel ected sequence as in the present exanples. For exanple, nRNA transcribed
froma sel ected sequence can be quantitated by Northern blot hybridization,
ri bonucl ease RNA protection, in situ hybridization to cellular RNA or by
PCR Proteins encoded by a sel ected sequence can be quantitated by various
met hods, e.g. by ELISA, by Wstern blotting, by radioi munoassays, by

i mmunopr ecinpictoatjcdion. Rreasbhyi thg ﬁmmﬁmhenbkoaagﬂdannaskbﬁ¢uyThﬁ ttamefection

Pomogentoud i PRCA el L daledt  fegtne A5 exthersityof BR el

eukaryoti c ghast iceld partichiar doRotNYigk el B8c a5 BXRIESE SSEMbIE Glctods F@aUbd | Ng
in genetically nodified cells or transgenic cells, can be perfornmed b any

met hod wel [detehpingdi by trawting procedunssf et st lamitensfaesanty cthe deonpiects rase
limted tol %?e‘&”ﬁfl&eﬂmt %%9' cél i‘gr%%ﬁ&%é loP ’lm a%ﬁh&‘(lf‘%ﬁ%&%%&m -chromosome or

co- preC|p|ta

DEAE- dextr adft)atdmll@h%dytsﬁ amﬁles:@ttamylmamtm@cpbvaﬁm thetBogrell.vi ral infections
andm croinjection. Preferably, the transfection is a stable transfection.
The transfection nethod that provides optinal transfection frequency and

expr essi on 1, 4 D eg;% g%fﬁl"e }r&gﬂt"iﬁv 16 Svill' RAk Gl 1sé‘ﬁ’i§lfca€e8' donlvbffonand

type is favou ui t abl e nmet hods can é term ned by routine procedures.
For stabletﬁmangmeofamﬂsomggrmdnsﬂmd@bbg@n&ﬂemhmegnmmnmgogyeﬂiﬂmﬂmﬁwﬁndhost

cell's genone.or artificial, chrogpsone chro ocat ed
epi somal| y 4o ih¢hg : kil fls%%ﬂ%/ thea iy gﬁﬁ%t%ﬂlﬁvﬁ PR assﬁffé%ﬁefi inTihe GUFset i ce
of the presgihtvention will enploy, unless otherw se indicated,

conventional techniques of cell biology, nolecular biology, cell culture,
i mmunol ogy and the like which are in the skill of one in the art. These

techniquesfﬁhﬁcﬁﬁﬂhﬁqusclosed in the current literature.

The invention relates to a cell deposited with the DSMZ (Deutsche Sammlung von

15 Mikroorganismen und Zellkulturen GmbH) under the number DSM ACC2989
(CHO/CERT 2.20). The invention relates to a cell / cell line, a representative of which is
deposited with the DSMZ under the number DSM ACC2989 (CHO/CERT 2.20). This cell
line can be uniquely described by identifying junction fragments between the inserted
DNA and the adjacent chromosomal DNA of cells of the cell line. For example, DNA of

20 the cell line is digested with one or more restriction enzymes and such junction fragments
are identified, e.g by Southern blot analysis using a suitable labelled fragment of the
inserted DNA, leading to a specific band pattern identifying the insertion site in the
genome. Such restriction enzymes for example described hereinafter and include EcoRV,
HindIII, Kpnl, Ncol, Ndel, Pvull, Spel, Xhol, Avall, BstXI, Sall.

25 The invention further relates to a cell deposited with the DSMZ under the number DSM
ACC2990 (CHO/CERT 2.41). The invention relates to a cell/ cell line, a representative of
which is deposited with the DSMZ under the number DSM ACC2990 (CHO/CERT 2.41).
This cell line can be uniquely described by identifying junction fragments between the
inserted DNA and the adjacent chromosomal DNA of cells of the cell line. For example,

30  DNA of the cell line is digested with one or more restriction enzymes and such junction
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EMBODI MENTS The invention relates to a cell deposited with the DSMZ

(Deut sche Samm ung von M kroorgani smen und Zel | kul turen GrbH) under the
nunber DSNDACO228B2( CHO CERT 2.20). The invention rel at @STIEP2@0086009 / cel
line, a representative of which is deposited with the DSMZ under the nunber

DSM ACC2989 (CHO CERT 2.20). This cell line can be uniquely described by
identifying junction fragnents between the inserted DNA and the adj acent
chronmosomal DNA of cells of the cell line. For exanple, DNA of the cel

line is digested with one or nore restriction enzymes and such junction
fragnent s dragmederrd fdeetficde ¢ g tyySctherin b]rom adlptis mning ¢ suisablslahe]led feaginteabole

| abel | ed f he i t ed d f d.pat t
dent i £yi ndie HEensEBNA JRARElS Fareie gafbiateidut B B inemeinil the o
exanpl e desg@ﬁérﬁ@cgd%ﬁrr@dtﬂ&idrﬁén s IFICdxa eI EGARbed-hdtsinhttor éﬁanhelua@gb@RWel ,

Pvull, Spel, Xhol, Avail, BstXl, Sail. The invention further relates to a

cel | deposiHiadllKnnl MN¥eel DSk, lﬁ\ﬁﬂbrsp@héihﬁhrm@ﬂl BsMKIABE2990 (CHO CERT 2. 41).

deposi t ad v ArPEHE BRbRAER Hisa i b Bl e IBhEE L b (A SR A D b
cell I'ine canOlERMNRAUhYdidesdllyi dmdnbyaﬂ leknbhd ydcogd jvedieit camtriictagmpiisig a

bet ween t he |nserted DNA and t he adjacent chronpbsonal DNA of cells of the
cel | |ine. &0¢ oiRksipt encodiig dprofspotiwfqrest; yaidicsll grefeeplcrddittanalineompingat e

[eStri Ui O SRS AHIc SN MAGH BATEAMIENSNAGE ihERY! LEditdng & pfolh of

Sout hern bl ot analysis using a suita ragrrent of the’'inserted
DNA, | eadi rugetest andspededtion dnendr papligeation dearkerf ySand) s¢lbeidnnserdriaomplidicstgor n

t he genone. Such restriction enzynes for. exanpl e descri bed herei na r and
i ncl ude'” Ec SRKTHPRd F|SGC%(ﬁ|VGCN&o<r0nSmé| i PARIET blySgﬁatammo%yntWa%q &5@5?%,

Sail. In adggﬁﬁbﬁﬂ&eﬁﬂgggé Kyr&ﬁﬁmﬁﬁ ?tnﬂqyentlon the inventive cel
(CHO CERT 2 CHO CERT 2.41) additionally contains at | east one second

vect or condn mfctthercmpﬁerrsd nglbadlgmeoahelmc@némtve@mwl YRyt qonsftusitnarefstably
i nterest. a,[ {:% RiE efr ablé/ additionally contains at
integrated into'the cells gendme.

15 In a further preferred embodiment of the present invention said cell is characterized by
a specific PCR band pattern / fingerprint when using genomic DNA as template, whereby a
2373 bp PCR product is generated using the oligonucleotide primers of SEQ ID NO: 2 and
SEQ ID NO:3 or
a specific PCR band pattern / fingerprint when using genomic DNA as template, whereby a
20 660 bp PCR product (SEQ ID NO: 6) is generated using the oligonucleotide primers of
SEQ ID NO: 4 and SEQ ID NO: 5 or
a specific number of fragments and fragment sizes resulting from the incubation of the

CERT-specific 2373 bp-PCR product of (a) with the following restriction enzymes:

Enzyme # Fragments Fragment size(bps)
EcoRV 2 2236, 137
HindIII 2 2176, 197
Kpnl 2 2142, 231
Ncol 2 2096, 277
Ndel 2 1973, 400
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| east one second vector construct conprising a gene of

protein of

i nterest encoding a
interest and a selection and/ or anplification marker.
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2 and SEQ labd M@ @jgonucleotide primers of SEQ ID NO: 2 and SEQ ID NO:3, with the following
restriction enzymes: EcoRV, Kpnl, Ncol, Ndel, Pvull, Spel, Xhol.

In a most preferred embodiment of the present invention said cell is characterized by 2

specific fragments with the sizes 2176bp and 197bp, respectively, resulting from the

incubation of the CERT-specific 2373 bp PCR product, which is generated using genomic

with the restriction enzyme HindIII.

DNA as template and the oligonucleotide primers of SEQ ID NO: 2 and SEQ ID NO:3,

In a specific embodiment of the present invention the CERT S132A expression cassette

consists of the SEQ ID NO: 1.

In a further specific embodiment of the present invention the protein of interest is a

therapeutic protein, preferably an antibody or an antibody fusion protein.

The invention further relates to a method for generating a host cell line characterized by

the following steps

(a) Providing a parental host cell, preferably a CHO or NSO cell, most preferably a CHO

20 DG44 cell,

(b) Introducing a vector construct in said cell of step (a) comprising a CERT S132A

expression cassette,

(c) Selecting for a stably transfected cell population,
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with the restriction enzyne Hndlll. In a specific enbodi nrent of the
present invention the CERT S132A expression cassette consists of the SEQ ID
NO 1. Irwaz2buwvBee specific enbodi nent of the present iPoT&EPRI10/05d00e
protein of interest is a therapeutic protein, preferably an antibody or an
anti body fusion protein. The invention further relates to a nethod for
generating a host cell line characterized by the follow ng steps (a)
Providing a parental host cell, preferably a CHO or NSO cell, nost
preferably a CHO D&A4 cell, (b) Introducing a vector construct in said cell
of step (a)Xdrleotptingimegocdo@ERT Badhy BXQP desidomglasslétloring(c) Sel ecting for
a stably tr fected.cell population,(d) Isolating nonoclonal cell |ines by
FACS—based(gk GTREf ¢l oning, (e) Screening for - high | evels of CERT

S132A expr esgdiBvels o POERTH130AMbIEséibn, seed stock cul tures, - optinmal grow h
in fed batch cultures, (f) Selecting a nonoclonal cell line fromthe cell

clones of stepmelprayedan siedgtack cuiercscreening criteria of step (e). The
i nventi Qn f—%h’ii%ﬁf%r{;o'%lffqeﬁ%dtogtcﬁc{f]{?ﬁrgé)d for generating a host cell line
e y e foll'omng's

characteriz eps a) Providing a parental host cell,

preferably (p Sa@tmg Nonoelohal &1 lint rfadichd@eld k@t Af K@Nsd) agbrdify s itle
parental host cell of step ﬁa) conprising a CERT S132A expression cassette,
c) Sel ecti AEFEEHAL §TICFIaRI §eP fAnsf ect ed cel | popul ati on,

The invention further relates to a method for generating a host cell line characterized by
the following steps
10 a) Providing a parental host cell, preferably a CHO or NSO cell,
b) Introducing a vector construct in said parental host cell of step (a) comprising a
CERT S132A expression cassette,
¢) Selecting for a stably transfected cell population,
d) Isolating monoclonal cell lines by FACS-based single-cell cloning,
15 ¢) Screening said monoclonal cell lines for
1) high levels of CERT S132A expression,
i1) optimal growth in seed stock cultures,
1i1) optimal growth in fed batch cultures,
Selecting a monoclonal cell line from the cell clones of step (d) according to the screening
20  criteria of step (e) as host cell line
The invention furthermore relates to a method for generating a host cell characterized by
the following steps
a) Providing a parental host cell, preferably a CHO or NSO cell,
b) Introducing a vector construct in said parental host cell of step (a) comprising a
25 CERT S132A expression cassette,
¢) Selecting for a stably transfected cell population,
d) Isolating cells by FACS-based single-cell cloning,
¢) Screening said cells for
1) high levels of CERT S132A expression,

30 i1) optimal growth in seed stock cultures,
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d) Isolating nonoclonal cell lines by FACS-based single-cell cloning, e)

Screening said nonoclonal cell lines for i) high |levels of CERT S132A
expressi omp 20i0y1282i mal growt h in seed stock cul tures, PCI)EPR@EbIOS@D9 gr owt h
in fed batch cultures, Selecting a nonoclonal cell line fromthe cel

clones of step (d) according to the screening criteria of step (e) as host
cell line The invention furthernore relates to a nethod for generating a
host cell characterized by the followi ng steps a) Providing a parental host
cell, preferably a CHO or NSO cell, b) Introducing a vector construct in
sai d parental hastoptahdl gmwtéltierﬁed(laa)tclt@m]urdssi ng a CERT S132A expression
cassette, c) l.ectj.ng for a. st abl cte ation

ool ating ool 18 B kRGe Bale o Wt el AP R RTAGE ey e el of ven 1 o

for i) high | evebsfopthcGsbls Rk8eAl.expression, ii) optlnal growh in seed
stock cultures,iii) optimal growmh in fed batch cultures, f) Selecting a

singl e cl omecferably %@lpwnt@ehq% call cfr #Emdax & & Hess eelbani degeréredt dhova wilest ep
(e) for 5t he(‘ief,f?%o %S ﬂ%?e&abci Lellg gg{e%{??ﬁgg chlég)?étg%Ea"’}rlf Erc?denpé) ts Elaé ?xrou% &P

(a) is a hos des ove un I'ni |ons era sard

par ent al hoainseetdl, Q{osﬁpl%ﬁ:rﬁtﬂjral(ﬁ{(a[)’@ﬁﬂeéﬁll cell such as a rmuse or hanster
cel |, nnstépreferabl D344 cell. Preferably said vector construct of

a
step (b) ¢ ﬁ?f?lia?b’ssai(%éeof‘%l okt ues of sise (Dgreapriseeibe fellowiag derstiondISTAeNES dur e
| B: depicted in Figure 1B:

- Cytomegalovirus (CMV) enhancer / promoter,
10 - multiple cloning site (MCS),
- CERT S132A expression cassette,
- expression cassette encoding the puromycin N-acetyl transferase as selection marker in
cukaryotic cells,
- polyadenylation signal,
15 - origin of replication,
- beta-lactamase expression cassette for ampicillin resistance in bacteria.
Specific criteria for screening seed stock cultures in step (e) ii) for optimal growth are:
viability, doubling time.
Specific criteria for screening fed batch cultures in step (e) iii) for optimal growth are: peak
20 cell density, integral of viable cells over time (IVC), viability.
Said screening criteria in fed batch cultures are specifically significant, since they reflect
the environmental conditions in an industrial production process.
In a preferred method the CERT S132A expression cassette of step (b) consists of SEQ ID
NO:1.
25
The invention further relates to a method of producing a protein of interest encoded by a
gene of interest in a cell as described above characterized by the following steps: a)
Providing a cell as described above, b) Cultivating the cell, under conditions which allow
the expression of at least one gene of interest. In a specific embodiment the method

30 comprises the additional step of ¢) Harvesting the protein of interest. In an even more

4.



- Cytonegal ovirus (CW) enhancer / pronoter, - multiple cloning site (MS),
- CERT S132A expression cassette, - expression cassette encoding the

pur omyci rwbRanegi32t r ansf erase as sel ecti on marker in ekkaurpperions@ed | s, -
pol yadenyl ati on signal, - origin of replication, - beta-|lactamase
expression cassette for anpicillin resistance in bacteria. Specific
criteria for screening seed stock cultures in step (e) ii) for optinal
growh are: viability, doubling tine. Specific criteria for screening fed
batch cultures in step (e) iii) for optimal growth are: peak cell density,
i ntegral ofspedifablembodinient dhee mettiodecqv®es anpthbi kidifionadbaitep of dpduiifigng the
criteria in fed(ﬁatch cultures are specifically significant, since they
reflect th® URVYIHREN al conditions in an industrial production process.

I'n a pref ermednv@kion dukiemeRRT1aak3idA BXNo8 T RO easSE bideiRfof $htBR s &lcoded
consists of SEQID NGO 1. The invention further relates to a nmethod of

produci ng ®ypr saneiaf ipferdshinet edlt aedesstber #hovs chemsetcrzed by dealotlovmgastenst p) as
d i bed : ' f ol.].owi : Pr,ovi di |
escri bel 8\>a‘1 16%%‘:"%%\; Eﬁ%s%ﬁgecfé’bo‘vfe‘ﬁ?e@@el?é[’%{n@%é E&E%nd%i) %nﬁl‘%%hgmkx{ﬂ&%laaéﬁﬂow

as descri be tivating under ’con ons

t he expresshoprodiferation efgic ceangerpredfioh BY &f RSit.onkzeAe sPRGEEHC BNbasHciaNt
the nmethod conprises the additional step of c) Harvesting thetgrotein of

interest. ICAPaAINERherBIEeermPEscEfBDdrftiRRal Hep RetH StrTERTRE e reistt per
addi tional ;step ofy g) oFr bW sg%citéigeenﬁ{oghﬁétﬂ o rﬂeﬂ{ot%r&?ﬁpr}s@pgndtﬂ&eaﬂhitﬁ)'ﬁal

furthernore relates to a nmeth producing a protein of I nterest encoded
by a gene ofepiaitlePesfyingtha postih ofisntdesticri bed above characteri zed by the

foll ow 1@9 sIth%eg\;en?i)on specifically relates to a method of producing a protein of interest encoded by
a gene of interest in an inventive cell characterized by the following steps:
(a) Providing an inventive cell,
(b) Cultivating said cell, under conditions which allow the proliferation of the cell and
expression of at least one gene of interest,

15 (c) Harvesting the protein of interest and
(d) Purifying the protein of interest.

In a preferred production method the host cell comprises as selection and/or amplification

marker for the gene of interest glutamine synthetase (GS) or DHFR, preferably DHFR.

20 The invention further relates to a method of identifying a cell which is transgene for CERT
S132A (SEQ ID NO:1) by
(a) Performing a polymerase chain reaction PCR,
(b) Using genomic DNA as template, and
(c¢) Using the oligonucleotide primers with the SEQ ID NO: 2 and SEQ ID NO: 3,

25 whereby a 2373 bp PCR product is generated.
Optionally said cell is further characterized by a specific number of fragments and
fragment sizes resulting from the incubation of the CERT-specific 2373 bp-PCR product

with the following restriction enzymes:

Enzyme # Fragments Fragment size(bps)

5.
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The invention specifically relates to a method of identifying / characterizing a cell, which

is transgene for CERT S132A (SEQ ID NO:1) by PCR using genomic DNA as template,

whereby a 2373 bp PCR product is generated when using the oligonucleotide primers of

SEQ ID NO: 2 and SEQ ID NO:3.

The invention further relates to a method of identifying / characterizing a cell, which is

transgene for CERT S132A (SEQ ID NO:1) by PCR using genomic DNA as template,

whereby a 2373 bp PCR product is generated when using the oligonucleotide primers of
SEQ ID NO: 2 and SEQ ID NO:3 and whereby said cell is characterized by a specific

specific 2373 bp-PCR product with the following restriction enzymes:

number of fragments and fragment sizes resulting from the incubation of the CERT-

Enzyme # Fragments Fragment size(bps)
EcoRV 2 2236, 137
HindIII 2 2176, 197
Kpnl 2 2142, 231
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whereby a 2373 bp PCR product

primers of SEQID NO 2 and SEQ ID NO 3. The invention further
met hod ofwoOaderwi28oseng / characterizing a cell

i s generated when using the oligonucleotide

relates to a

whi ch i s Pcrars@genssohor CERT

S132A (SEQ ID NO 1) by PCR using genom c DNA as tenplate, whereby a 2373

bp PCR product

i s generated when using the oligonucleotide priners of SEQ

ID NO 2 and SEQ ID NO 3 and whereby said cell is characterized by a

speci fic nunmber of fragnents and fragnment sizes resulting fromthe
i ncubation of the CERTspecific 2373 bp-PCR product with the f

restriction enzyne
characterized by 2
table resulting fr
product, which is

ol i gonucl eoti de pr
restriction enzyneg
preferred enbodi nep
specific fragnents
fromthe incubatio
gener ated usi ng ge
SEQID NO 2 and S
further enbodi ment
M kr oor gani smen un
(CHO CERT 2.20) is
speci fic PCR band

| | owi ng
sNeol a prefléX red embodi neR096f 2%4ai d nethod $aid cell is
specific flragnments with|the sizes accarding to the above
ohdehe i ncdati on of the |G8Rsfkific 2373 bp PCR
penerated uysing genom c DNA as tenplate and{the
Retls of SEG ID NO 2 and @‘EQ IB2NO 3, with|the foll owing
EcoRV—Hpnl - Necol—Nd Pyl Spel—Xhol . I n a nost
@pﬂf sald ﬁ%thod sald ce@ﬂz&sﬁ%haragterizej by 2
T CTTC Si _'es L.LIUIJ al ICO CL:I.; V |y, reSU|t| ng
P 54
_ﬁ%?Ithe CEé% speC|f|c 2’;§5EpTB%R product which is
) Sy renprate—ang iy 2 géwluu eoti+ge priners of
Eé?%NO V\nththerestricq’ig% ’enzynme HindlIL In a
P& kul t Uron Gt unddr FRe™ nanodr  Dowi Apaogs o
g@ractertzed by a specifigg3 TESL (@i fon di gest or by a
patt ern, when using genoni ¢ DNA, 'wher eby sugh assay

generates a unique Trngerprint specifrc for the genone rntegration site of
the CERT transgene/ the CERT S132A expression cassette in clone DSM ACC2989
(CHO CERT dn ch)referrwbernbcbdmmntné smgl\mm@iz%@ c¢lOsQh@eRFrizeddloy) 2 spectiis agaants

descri bed / ﬁP

AR A28 i1 £

ove Mable resulting from the incubation of the CERT-

specific 2373 bp PCR product, which is generated using genomic DNA as template and the

enzymes: EcoRV, Kpnl, Ncol, Ndel, Pvull, Spel, Xhol.

oligonucleotide primers of SEQ ID NO: 2 and SEQ ID NO:3, with the following restriction

In a most preferred embodiment of said method said cell is characterized by 2 specific

fragments with the sizes 2176bp and 197bp, respectively, resulting from the incubation of

the CERT-specific 2373 bp PCR product, which is generated using genomic DNA as

restriction enzyme HindIII.

template and the oligonucleotide primers of SEQ ID NO: 2 and SEQ ID NO:3, with the

In a further embodiment the cell deposited with the DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH) under the number DSM ACC2989

(CHO/CERT 2.20) is characterized by a specific restriction digest or by a specific PCR

band pattern, when using genomic DNA, whereby such assay generates a unique

fingerprint specific for the genome integration site of the CERT transgene/ the CERT
S132A expression cassette in clone DSM ACC2989 (CHO/CERT 2.20). The cell line
DSM ACC2989 (CHO/CERT 2.20) is uniquely described / characterized by junction
The cell line DSM ACC2989 (CHO/CERT 2.20) is uniquely described /

20  fragments.

characterized by junction fragments between the inserted DNA (= the CERT transgene/ the
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fragnents. The cell |ine DSM ACC2989 (CHO CERT 2.20) is uniquely described
/ characterized by junction fragnments between the inserted DNA (= the CERT
t ransgenewothwOBRIB2S132A expressi on cassette) and the adCacEPae10obsoonosonal

DNA, whereby DNA (preferably genomic DNA) of the cell line is digested with
one or nore restriction enzynmes such as EcoRV, Hndlll, Kpnl, Ncol, Ndel,
Pvull, Spel, Xhol, Avail, BstXl, Sail and said junction fragnents are

identified, e.g by Southern blot analysis or PCR using one or nore suitable
optionally |l abelled DNA fragnent(s). This DNA fragnent(s) displays) a
specific bé?rfcR%@tlBéAnequresmbmge%ptti:)nandcﬁnaraaimcenﬁ czhrnlgossdmaleNduevhen@errlﬂNdn

site of th rans CE 2A e |on cassette .in
Cenom of | RRRTOAS S TENG SLpRts capyie R ate MR RED o BaR Fectt o egns
deposi t ed %élhasﬂb&)@ﬂ\ﬂmﬂﬁpq{;ﬁﬁmcoiaﬂﬁbNPguH éﬂXh&OMQHIBm, SHM0and said
Zel | kul turen anl;%\1 under the nunber DSM ACC2990 (CHQ CERT 2.41) is

g

char act er i zettipy feagmsasiare depbled icax Prohowtheadtlotomalyyispr Hedc pfing opomr mard

Finger pr i neobitE bR REE AP bR HIFHER " SR SN A AEARG PSRl P ol ey
the CERT S13rd\peixdoh es ﬁh@é’ipﬁﬂﬁ&ﬁfdcfbriz&g&h@ﬂ&q@@&ﬂ&éﬁﬁﬁ%% of G ERRTradsgehk/

The cell line DSM ACC2990 (CHQ CERT 2.41) is uni que described /

char act eri 2 GBR §ﬁ%¥$ﬁp¥q§%}@ﬁéﬁﬁs§“e?ﬂé & @epomng jod ACE2969 ((HGACERAT

2.41) is quﬂ%ﬁllAy described / characterized by junction fragnents between
the inserte (= the CERT transgene/ the CERT S132A expression cassette)
and the adjlmcaeﬁmheh roodiomat tRNEe]] whposetoy VIONA t{ep DML &DleytsdenSaramvniAyorof

the cell 1i is di.gested wi one or restriction enzy su
EcoRV, 'fin roormﬁqﬂe%md kﬂ@ﬂuﬂuﬁ}u@m Eﬁbevné%alve PEPT DRYx /Eggg%??o and
sai d j unct iiepd/CaLTENY §) ﬁr&aféé?e@ltzb& b§ G, sp%cﬂlct%stﬁ(aHB%%%%sMn%y &y c)fﬁ& PCR

PCR usi ng one or nore suitable optiohally | abel f ragnent Thi s
DNA fr agnemegd)paticep| ahe) uaingpeendniic Bald pactcby nsush assmjg@qmeramss a unique

characteri %nggrptn}%l? slpjgc!iﬁg?og tri'lseegretnior%% int etg?at?ofn étlt[]e O%QTC&I&?Q %gneene/ the CERT
S132A expression cassette in clone DSM ACC2990 (CHO/CERT 2.41). The cell line
15 DSM ACC2990 (CHO/CERT 2.41) is uniquely described / characterized by junction
fragments. The cell line DSM ACC2990 (CHO/CERT 2.41) is uniquely described /
characterized by junction fragments between the inserted DNA (= the CERT transgene/ the
CERT S132A expression cassette) and the adjacent chromosomal DNA, whereby DNA
(preferably genomic DNA) of the cell line is digested with one or more restriction enzymes
20 such as EcoRV, HindlIIl, Kpnl, Ncol, Ndel, Pvull, Spel, Xhol, Avall, BstXI, Sall and said
junction fragments are identified, e.g by Southern blot analysis or PCR using one or more
suitable optionally labelled DNA fragment(s). This DNA fragment(s) display(s) a specific
band pattern or fingerprint characterizing the unique insertion site of the CERT transgene/
the CERT S132A expression cassette in the genome of DSM ACC2990 (CHO/CERT

25 241).

The invention further relates to a method for cultivating a cell comprising a) providing a
cell according to any one of claims 1 to 7 and b) cultivating said cell, under conditions
which allow the proliferation of said cell. In a specific embodiment of said method, the

30 cell additionally contains at least one (second / additional) vector construct comprising a
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t he CERT S132A expression cassette in the genone of DSM ACC2990 (CHQO CERT
2.41). The invention further relates to a nmethod for cultivating a cel
conpri si nyoapioprsns2di ng a cell according to any one of @CaiEPg010/06@0¥ and b)
cultivating said cell, under conditions which allow the proliferation of
said cell. In a specific enbodi nent of said nmethod, the cell additionally
contains at |east one (second / additional) vector construct conprising
agene of interest encoding a protein of interest. In a preferred enbodi nent
said nethod conprises additionally harvesting the protein of interest. In
anot her pr gtee péihtenitodhicoding aspriottimef higdrebtur tohe prafompt ewmbedipent $ajd moethdre

protein of interest,...The .invention furtherpore relates to use of t.he
Pivent ve. CBMPAL oot P BB a T Pl O b Gty ot dy BT ACROUBBR! 1 or
t he manuf aghidithdiBoPfurfREOERhisses fukify IR tADpRtcih BEintd¥aNt i on relates to a
reactor / fernentation vessel containing the inventive cell in a nedium

The i nvent ilds iayawon dhrbesmotpradatis to oppet dicngvemivierrgB (CHRCER(T 2.26nDSM

. : | | 726
et um For At SO KERET AT 00RM ACRRSu oy W R B R e T °

present i nefht@iorsatld kivent@npelagestoan deadtenti féemehtion whiseh caatdiningoniad | y
contains at |east one (second) vector construct conprising a gene of
i nterest ertwafingcdl Brohedinmof i nterest, whereby said cell is cultivated in

a medi um ‘ﬁ*ﬂec‘iﬂv&'ﬁ]bﬁ"é@sﬁt REd !4 Lﬁ%&%&)ﬂﬁngfansiﬁ{l&tiﬁglclell,i dh & ré‘s%fotn%c{or for .
fermentati on vessel. e Invention furthernore relates to a cell conprising
a CERT S132ApexyoresSi gmeodsgetstendwhel eihursanaioe fér dustivahan attad cdbed by: f)

a specific PCR band pattern / fingerprint when using genom c DNA as
tenpl at’d, Whér %)59{%5 uﬁﬁntptﬁj-«‘hﬁ eNRat nveniahend tdbedtarig® fienventive cell,
ol i gonucl eqifide ilioRNS FhtaiEQit! Pad@neZs@R8d PERLIGRE N rdconPristn SPeehd bE
PCR band pattern / fingerprint when using genom c DNA as tenpl ate,

interest encoding a protein of interest, whereby said cell is cultivated in a medium, which

allows the proliferation of said cell in a reactor / fermentation vessel.

15 The invention furthermore relates to a cell comprising a CERT S132A expression cassette,
wherein said cell is characterized by:
f) a specific PCR band pattern / fingerprint when using genomic DNA as template,
whereby a 2373 bp PCR product is generated using the oligonucleotide primers of
SEQ ID NO: 2 and SEQ ID NO:3 or
20 g) a specific PCR band pattern / fingerprint when using genomic DNA as template,
whereby a 660 bp PCR product (SEQ ID NO: 6) is generated using the
oligonucleotide primers of SEQ ID NO: 4 and SEQ ID NO: 5 or
h) a specific number of fragments and fragment sizes resulting from the incubation of

the CERT-specific 2373 bp-PCR product of (a) with the following restriction

25 enzymes:
Enzyme # Fragments Fragment size(bps)
EcoRV 2 2236, 137
HindIII 2 2176, 197
Kpnl 2 2142, 231

220



whereby a 660 bp PCR product (SEQ I D NO 6)

ol i gonucl eotide prinmers of SEQID NO 4 and SEQ ID NO 5 or

i s generated usi

ng the

h) a specific

nunber ofwobragmesiss and fragnent sizes resulting from tReTiERecUbAsioon of t he
CERT- specific 2373 bp-PCR product of (a) with the following restriction
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In a specific embodiment the CERT S132A expression cassette consists of the SEQ ID
NO: 1. Preferably said cell is a CHO cell or a NSO cell.

In a preferred embodiment said cell is deposited with the DSMZ (Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH) under the number DSM ACC2989
(CHO/CERT 2.20).

In a further preferred embodiment said cell is deposited with the DSMZ under the number
DSM ACC2990 (CHO/CERT 2.41).

EXAMPLES

MATERIALS AND METHODS

Cell Culture

All cell lines used at production and development scale are maintained in serial seedstock
cultures in surface-acrated T-flasks (Nunc, Denmark) in incubators (Thermo, Germany) or
shake flasks (Nunc, Denmark) at a temperature of 37°C and in an atmosphere containing
5% CO;. Seedstock cultures are subcultivated every 2-3 days with seeding densities of 1-
3E5 cells/mL. The cell concentration is determined in all cultures by using a
hemocytometer. Viability is assessed by the trypan blue exclusion method.

20
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needed. Cell densities and viability are determ ned by trypan-blue

excl usi on using an automated CEDEX cell quantification system (lnnovatis).
Det ect i orwOR0100ART03S132A expressi on by intracell ul ar FACBCItERR0M0M0560aNd
Western blotting For intracellular staining, IxIO6 cells are fixed in 1%
par af or mal dehyde in PBS for 20 m n and perneabilized in PBS containing

0. 05% Tween- 20. Subsequently, cells are resuspended in 1% BSA/ PBS and

stai ned using an anti-Flag M2 nonocl onal nouse anti body (Signa) and an

Al exa488-1 abel ed goat anti-nouse antibody (Invitrogen). The fl uorescent
signal is deadbeichaultivetign anal ysed by fl ow cytonetry (FACScaI i bur, Coulter).

Whol || tract d b f 5x1 06
cells i SR Bh ety tphiete 3 PebkeRBTingYo riceh Reraphitienn
EDTA, 5 mMpRGEtior aieltuNe kvidod: 4iidtdks mxe(tsegr@ar Al @ase Geﬁ)ﬁar@)t Phe s@httd ON

(Roche) ] for 15 mn on ice. }ésates are cleared @a/ centrif ation at
16, 000xg f @rc amtatgdatdAl remen g ot end S tohe mthicht is & qcadtch%%sfa Wieg dag 3. Bl-

det erm ned | ( ual
pr ot ei n-amstitad REE soREBRYs fided B T ISR T PRRL RGBS
(I'nvi tr ogempededc @etli dghsities tand viabilfyaetcud@ernSngt O oe@an-BRiOtedldsion using an
transferred onto PVDF nenbranes_ (M I Ilipore) using transfer buffer in XCell
Il bl ot nD&H'io@a(fqanEpﬁggf@H)qua%ﬁ“é‘Flo’bPl%%ﬂ nf"(?rtls?h room tenperature with
bl ocki ng agent (Invitrogen), nenbranes are probed w t h anti-Flag M
antibody (Sigma). Proteins are visualised with peroxi dasecoupl ed secondary
anti body udatertivhef EER TR} 1@ Acdxpnesskiombyestcenlde adEA €8 tstadmng ysd Bfos{cAnklogham

Phar maci a) .. Generation aqf. an edy- produci ng eII CH? 4.¢c wel |
as condERT(Fpﬁ;nt@éfaﬁulil daingy b Sefisare S POk ol %6333 gbf%ﬁ%ﬁ?ﬂlas
encodi ng hegyy pamttabilghd ﬁlhqu'S O on@finihg G0 050y PEWAH 2R O4YibsdB¥ently, cells are

subsequent cul t| vation under selective conditions, stably transfected |IgG

produci ng cr@iuqumdpdullat]%nBSAfPéBSg@nérmlmﬁ fusiogn dothi- HégM3Genpdoaal mbuse| |
line and Contl(‘:tl)E %I'( Sn%rng) an(iS anm%xa%f%%llal?ecf A?goat anti-mouse antibody (Invitrogen). The

fluorescent signal is quantitatively analysed by flow cytometry (FACScalibur, Coulter).

15 Whole cell extracts for Western blotting are prepared by lysis of 5x10° cells in NP40-
buffer [1% (v/v) NP40, 50mM HEPES pH 7.9, 150mM NaCl, ImM EDTA, 5 mM EGTA,
25mM NaF and 40uL/mL Complete protease inhibitor solution (Roche)] for 15 min on ice.
Lysates are cleared by centrifugation at 16,000xg for 10 min and the protein concentration
in the samples is determined using a BCA1 assay kit (Sigma). For Western blot analysis,

20 equal protein amounts are separated with MOPS buffer on NuPAGE 10% Bis-Tris gels
(Invitrogen) according to the manufacturer’s protocol. Protein is transferred onto PVDF
membranes (Millipore) using transfer buffer in XCell II blot module (Invitrogen). After
blocking for 1h at room temperature with blocking agent (Invitrogen), membranes are
probed with anti-Flag M2 antibody (Sigma). Proteins are visualised with peroxidase-

25 coupled secondary antibody using the ECL Plus chemoluminescence detection system

(Amersham Pharmacia).
Generation of antibody-producing cells

CHO-DG44 cells as well as conCERT™ cell lines are stably transfected with expression
30  plasmids encoding heavy and light chain of an IgG1-type antibody. By subsequent
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are further cultivated according to a standard stock culture regine with
subcul tivation every 2 to 3 days. Determ nation of reconbi nant product
concent r avpan1opp8@BR|I SA To assess reconbi nant anti body proaEPRé10056009 | gG
producer cells derived from CHODX44 cells and conCERT(tm cell I|ines

engi neered to express the CERT S132A nutant, sanples fromcell supernatant
are collected fromstandard i noculumcultures at the end of each passage
for three consecutive passages. The product concentration is then anal ysed
by enzyne |inked i nmunosorbent assay (ELISA). The concentration of secreted
nnnoclonalcahbhbmdynﬁﬂaﬁhmﬁvésmﬁmagure@bheﬁmqﬁahﬂibﬁﬁpsxma@gknﬁuxmuhann$c

fragnent (Jackson | a Labor tor hai n
HRP-con] ugRreEr e Gha) ™ hethafeD e pRggR Rl S bef S AP ST P Bl ook

Di cki nson) afd awiey QBRI RABIdPNEE Wi dtdhdatd SOcPIAR@SSicBine $Qtht sudlhRReEsENt
nodul e, and automatic cell deposition unit is used for analysis and cell

sorting. O@V@I'Yd’dpﬂadﬁ of forward and side scatter (FSC/ SSC) a gate is set
around single living cells. Sorted cells are deposited into 96-wel |l
mcrotiter plates containing 200 nL growh nmedi umat one cell per well with

t he aut onmatDeerffhdtiotd @ esohibdmantipioductNeatiratio€b@dELEA at i on and RT- PCR
GCenomi c DNA and total RNA from grown cells are isolated using TR ZOqu
ons.

reagent (19 eyseyetrcomBiABingiibe &d}raqlwgowntlﬁs Peodussacaellp elerizeq Ao GH
The RNA is ﬁ@@f‘cél[ ﬁfdego g@ﬁﬂ‘rﬂ\?ﬁ?hﬂesf gre'a' ﬂ%?e&@tthegzgRTF dﬁA ?ﬁlﬁ@[ﬂd
Irst-Stran

cDNA synthesis 1s carried out using the oned Al
Synt hesi s Kampleb fivoint cadbauperm@emmarydolisttad fiongstandand Srogulnin tldtlmd:s Rl‘tlne amtlof

ol i go(dT) oli gonucl ot| des antitative eveI of the human CE
transcri’pt ase DitsALs R i W%&BYG PesHRECP & COTHEN YR laf@etaﬁflyw

SYBF( r I) I G{j"egﬂytﬁé H%&ﬁlﬁﬁh&d%%e%ﬁ@%ﬂ@u%r)rﬁ% cddn B LBGERBImEbEl0RA]
controlle
ant){body product is measured using antibodies against human-Fc fragment (Jackson

Immuno Research Laboratories) and human kappa light chain HRP conjugated (Sigma).

15 Single Cell Sorting
A ‘FACS Vantage’ (Becton Dickinson) flow cytometer equipped with pulse processing,
sort enhancement module, and automatic cell deposition unit is used for analysis and cell
sorting. On a dot plot of forward and side scatter (FSC/SSC) a gate is set around single
living cells. Sorted cells are deposited into 96-well microtiter plates containing 200 pL

20 growth medium at one cell per well with the automatic cell deposition unit.

Nucleic acid isolation and RT-PCR
Genomic DNA and total RNA from growing cells are isolated using TRIzol® reagent
(Invitrogen, Germany) according to the manufacturer’s instructions. The RNA is then
25 treated with DNase I for 30 minutes at 37°C. First strand cDNA synthesis is carried out
using the Cloned AMV First-Strand cDNA Synthesis Kit (Invitrogen, Germany) starting
with 3ug of total RNA and oligo(dT) oligonucleotides. Quantitative levels of the human
CERT transcript are determined by real-time PCR usinge the Absolute™ QPCR SYBR®
Green Fluorescein Mix (ABgene, Surrey, UK) and a thermal cycler controlled by the
30 MylQ Real Time Detection software (BioRad, Germany).
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M/I Q Real Tine Detection software (Bi oRad, Gernmany). Unique anplificates for
identification of conCERT(tm cells are detected by PCR on genom c DNA

usi ng ol iyorron/esdszde priners: CW sense: 5 GACGICAATGBEGMEPINIGIINIG 3
(SEQ ID NO 2) and Term nator anti-sense: 5 CAACTAGAAGGCACAGICGAGG 3' (SEQ
ID NO 3). Using either DNA or nRNA as tenplate, CERT S132A expression is
detected by RT-PCR using the oligonucleotide prinmers: CERT-for: 5
GCGTTCTGATGGTGACTTCTTG 3' (SEQ ID NO 4) and CERT-rev: 5
TGTCCTGTGACGCCTTTAACTG 3' (SEQ ID NGO 5), resulting in a PCR product of 660
bp (SEQ | DUNdqu&ympERanes ES: idCENERATINON &oCHARAETERIIZATE OitcCre d ChiOPRER(am)
CELLS EXAMPLE 1. %RACTEI?J ZATI O\l}éﬁgND UNI QUE | DENTI FI CATI ON OF CHO CERT
S132A CELL SPRES YSEEPIERRUACUde PIMS S (whi ch herein are al so referred

to as "conCHRV(seMe: 5CALGTMEATGGUAGETUEIATTIRY (SEQ@ENSIRI2)asdcel |s with
het er ol ogous expression of the human CERT nutant S132A. The CHQO CERT S132A

cel | 1ines Teesmetosaatiisensehe (rasEAGANGEMAGHGEERIAHIE 35 (CERTDENP: ki on
casoet 1 L SIS R RISk g RS o Rl iy eepeseces

pr eceedi ng usinditigoligwaudlbotide privgerkiuman CERT gene (CGenel D 10087) with a
mut ati on changi ng serine 132 to al ani ne D NO TGA stop codon and

0.5 kb of 3 EItian i aPeaTHE SROTRACET SRS (AN ind; gnal - The
sector conipiouseR e AISARIRI P LIRS, S kbl peecy
fol |l owi ng fpuerict o0 el (SHEENEBENO: 6).
10
EXAMPLES: GENERATION & CHARACTERIZATION OF CHOPPER® CELLS
EXAMPLE 1: CHARACTERIZATION AND UNIQUE IDENTIFICATION OF
CHO/CERT S132A CELL LINES
CHO/CERT S132A cell lines (which herein are also referred to as “conCERT™” cell
15 lines) can be described in general as cells with heterologous expression of the human
CERT mutant S132A.
The CHO/CERT S132A cell lines described in the present invention contain a CERT
expression cassette as depicted in FIGURE 1A comprising: Upstream regulatory sequences
0.6 kb) derived from the CMV enhancer/promoter, Flag™ epitope tag preceeding coding
20 region of the human CERT gene (GenelD 10087) with a mutation changing serine 132 to
alanine (SEQ ID NO: 1); TGA stop codon and 0.5 kb of 3’ untranslated region including
polyadenylation signal.
The vector construct used for generation of the CHO/CERT S132A cell lines described in
the present invention is shown in FIGURE 1B and contains the following functional
25 eclements:
»  Cytomegalovirus (CMV) enhancer / promoter
» Expression cassette encoding the Flag™-tagged CERT-SA
* Polyadenylation signal from bovine growth hormone (bGH pA)

= Expression cassette for puromycin resistance

30 * Origin of replication
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Cyt onegal ovirus (CW) enhancer / pronoter Expression cassette encoding the
Flag(tnm -tagged CERT-SA Pol yadenyl ation signal from bovine growth hornone
(bGH pA) waxproaesizon cassette for puromycin resistance POTIERRI10056009
replicationBeta-|actamase expression cassette for Anpicillin-resistance in
bacteria The two CHO CERT S132A cell lines deposited with the DSMZ under

t he nunbers DSM ACC2989 (CHO CERT 2.20) and DSM ACC2990 (CHQ CERT 2. 41)
contain the CERT S132A expression construct stably integrated into their
genones. CHQO CERT S132A cell lines containing this construct, such as the
cell line depbsiBetadlagiantase erprESida cassgtie farkempigitveresBEMcACO2889ia CHO' CERT
2.20) and the cell line deposited with the DSMZ under the nunber DSM
ACC2990 (CHO CERT 2.41), can be identified by PCR on genom c DNA. A

speci fic setheQfoWHOQWRIET scpgm@emlhéﬁea@oélﬁmvﬂtpﬂi\é@sm @ildr fhe)nuRELDSH a
di stinct signal of 2373 g size in this PCR reaction which allows to detect

and thus i d€rt338p G/ éa0) 8nd P AL CONHCHO/RERE A4l) padsintthakERdct ed
Wth the C%'?Izﬁ%%ﬁf%ﬁ&%&%ﬁh&’lta%% Oe' ya(i&% ngosﬁ{ %%%Uﬁ pve. Binding positions
e priner

and oriéntation s are ‘I B (arrow heads). CWwW

sense: 5' WW&FH&T‘B&&mg ﬁﬁ:Q:dd@trh@ sdéh a$ eigndahlaimRrdepoditcdsafse:
5" CAACTAGAAGCCACAGICGAGS 3! (SE% %%8 he 2373 PCR fragnent is
di gest ed withh MLy peder the gryhas sDSM rﬁﬁ@ A @HQ&ER‘T c?-£oh ang éb?réﬁ’clsh% |

result as %E]%E?t%& Z6th 4 ﬂéﬁkﬁlﬁ‘der Ih%%l%er Mt AL sz%“ ClleWTERT 2 TDEL O

fragnents and fragnment sizes resulting omthe |ges Ion
CERT- speci fidantifidd IbytﬂﬂP@R ganmiwchNlAm Agspecﬂﬁh aet Mg@nudﬁtbﬂmeqmmMSEQdD

CERT S132A r.e in conCERT cel can al so et ecte
using tifie ﬁ‘?ﬁ&m@ dtfP@é@%h RERg: Sl@hﬁ*ﬁ?ﬁ bpepizecpdiy ‘%ﬁ“‘ﬁéﬂr@m
(SEQ I D NOto #dtetinthd IR idc@My EHOY @W@WTT%EECE&VG not been transfected

with the CERT S132A expression construct described above. Binding positions and

orientation of the primers are depicted in FIGURE 1B (arrow heads).

15 CMV sense: 5' GACGTCAATGGGAGTTTGTTTTG 3' (SEQ ID NO: 2)
Terminator anti-sense: 5' CAACTAGAAGGCACAGTCGAGG 3' (SEQ ID NO: 3)

When the 2373 PCR fragment is digested with restriction enzymes, a pattern of restriction

fragments will result as summarized in TABLE 1.

20 TABLE 1: Restriction enzymes, number of fragments and fragment sizes resulting from
the digestion of the CERT-specific 2373 bp-PCR product:

Enzyme # Fragments Fragment size(bps)
EcoRV 2 2236, 137

HindIII 2 2176, 197
(preferred)

Kpnl 2 2142, 231

Ncol 2 2096, 277

Ndel 2 1973, 400

Pvull 2 1241, 1132
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3" (SEQID NGO 5), resulting in a PCR product of 660 bp with the follow ng
sequence (SEQ ID NO 6):

GCGTTCTGAVOGI BACTIBCT TGCATAGT ACCAACGGCAATAAAGAAAAGTTAT  PCT/EP2010/056009
TTCCACATGTGACACCAAAAGGAATTAATGGTATAGACT TTAAAGGGGAAGCG
ATAACTTTTAAAGCAACTACTGCCTGGAATCCTTGCAACACTTTCTCATTGTATT

GAACTAATGGT TAAACGT GAGGACAGCT GGCAGAAGAGACT GGATAAGGAAA
CTGAGAAGAAAAGAAGAACAGAGGAAGCATATAAAAAT GCAATGACAGAACT
TAAGAAAAAAT CCCACTTTGGAGGACCAGATTAT GAAGAAGGCCCTAACAGT
TGATTAATGAABAIAGAGT TCTI TGATGCT GT TGAABCZBCCFETTGACAGACAA
GATAAAATARAAGAACAGT CACAGAGTGAAAAGGTGAGATTACATTGGECCTA
CATCCTTGCCEIOT GGAGATECTTTTCTTCTGTIGISGACACATAGATTTGT(C
AAAAGGT TGAAGAGATGGTGCAGAACCACATGAGTTACTCATTACAGGATGTA
GGOGGAGAT GECART TGGCAGT TGGTTGTAGAAGANEBAGAAATEAAGGTAT
ACAGAAGAGAAGTAGAAGAANAT CEGATTGTITCHECATCCT TTAAAAGCTACE
CATGCAGTTARREHOGT CACAEGACA. The CERP88135% &l | Iined CHO CERT S132A 2. 20
and 2.41 that—are—describedin—the rept+oen-{can furthernore be
identified SEEJ het er %gous expr e55| 156,?‘3 ?g{l’ngoldFll ag CHRT- S132A fusi on
protei n by—estern ot—ustng—antibodtes—ratsed—etther against the Flag(tm
epitope tag (e.g. anti-Flag M2 nonocl onal nouse antibody (Sigma)) or the
humanCERT prsigetithet ®NIA o SERIN ARBRraplhichOBRT Sl30necBkedida in BeAOERT cell lines
Laboratories, Inc.). Both anti bodies do not cross-react with the hanster

CERT pr ot eicAl alppdieeegcted by eRpsipecthe phiganugiearidewrimeg| YEBE- faétSeéi%TT‘a
CHO CERT S h
G ot cont ol (R CREHTETE0R (S10 16005k it CEREIH D IReCRUTGACRRCHT ©

carrying t a8 AOERTGeX ISEQSIDONCe 89 SI@EIIIEH@.[ISE) PCRNp@idos o GB0rtgnyith nhe fslostignce

gene. CHQ CERT S132A ceIIs re therefore able to grow in the presence of 5-
sequence (SEQ ID %

T

t
f

(0]
n
D

GCGTTCTGATGGTGACTTCTTGCATAGTACCAACGGCAATAAAGAAAAGTTAT
TTCCACATGTGACACCAAAAGGAATTAATGGTATAGACTTTAAAGGGGAAGCG
ATAACTTTTAAAGCAACTACTGCTGGAATCCTTGCAACACTTTCTCATTGTATT

10 GAACTAATGGTTAAACGTGAGGACAGCTGGCAGAAGAGACTGGATAAGGAAA
CTGAGAAGAAAAGAAGAACAGAGGAAGCATATAAAAATGCAATGACAGAACT
TAAGAAAAAATCCCACTTTGGAGGACCAGATTATGAAGAAGGCCCTAACAGTC
TGATTAATGAAGAAGAGTTCTTTGATGCTGTTGAAGCTGCTCTTGACAGACAA
GATAAAATAGAAGAACAGTCACAGAGTGAAAAGGTGAGATTACATTGGCCTA

15 CATCCTTGCCCTCTGGAGATGCCTTTTCTTCTGTGGGGACACATAGATTTGTCC
AAAAGGTTGAAGAGATGGTGCAGAACCACATGACTTACTCATTACAGGATGTA
GGCGGAGATGCCAATTGGCAGTTGGTTGTAGAAGAAGGAGAAATGAAGGTAT
ACAGAAGAGAAGTAGAAGAAAATGGGATTGTTCTGGATCCTTTAAAAGCTACC
CATGCAGTTAAAGGCGTCACAGGACA.

20
The CERT S132A cell lines CHO/CERT S132A 2.20 and 2.41 that are described in the
present invention can furthermore be identified by heterologous expression of the Flag-
CERT-S132A fusion protein by Western Blot using antibodies raised either against the

Flag™ epitope tag (e.g. anti-Flag M2 monoclonal mouse antibody (Sigma)) or the human
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10 nmg/ M puronycin in the culture nmedium The CHO CERT S132A cell |ines
described in the present invention which are deposited with the DSMZ under
t he nunbewe 2DEM28B322989 ( CHO CERT 2. 20) and DSM ACC2990 PCTHRL@EMBI60B? 41) are
derivatives of the CHO D4 cell line. Hence, they equally need the

suppl enment s hypoxant hine and thymdine in the cultivation nediumfor growh
and survival (HT supplenentation). EXAMPLE 2 : GENERATI ON OF STABLY
TRANSFECTED CHO CERT S132A CELL POOLS To generate the CHO CERT S132A cell

| ines described in the present invention, CHOD&4 cells [Ulaub et al.,

Cel | 33, 198RT aretcin tngf EERSGEGMBE rana‘ho@&xmimB@ﬁZ%anﬂlulctLabmtoyiiemglnar)

i tlte t ant
Sor| Sonal a B FEPr i PachpS et baskiedamye CERTSRa S, TR e Ref ST
Flag(tm eppéepe sffgﬁﬁl Wi ehu@eoelmete&@@ upcmi(wcmoslm I8N, Gthh@s thR&signal is
foll owi ng sequence %’SCEE ; sequence is ven in 5 -3 orientation;
start and @b%ﬂm todd 1@¢§|Wdil—'9rhl(forl@@ cerrainithe 65%(3‘ P32At SXPRISEgR cagsitugly codi ng
e O o oM inadang ChiSTyG Il ReLPLRRLLS, LARLESENL ylihl d Bldckyein

nut at ed” co ais |n|n and

print): GCG:‘éMfsTﬁE@%’EM(D@EICT MM@%@@M&%@@A@%@&%@A&TG
TCGGATAATCAGA GCTGGAACTCGTCGGGCTCGGA GGAGGATCCA GAGA CGGAGTCTGGGCCGCCTGTGGA
GCGCTGOGGGEAP ey wsrmaest arsic A A Tes unT CAT GGGTGGCA

SN TGS A IS ARG TR o

CCTCACGAT T Wi BATIGANRBTLGAIET GAT AumbAGT GDAMTARAT2 3OT GTHOBGERTTZ2ZULCEREIPEN

%C.?Aé%p‘ %@m dlf;—%%&a @\%-sr-p the C%%& cell line. Hence, they

equally need the supplements hypoxanthine and thymidine in the cultivation medium for

growth and survival (HT supplementation).

EXAMPLE 2: GENERATION OF STABLY TRANSFECTED CHO/CERT S132A CELL
15 POOLS

To generate the CHO/CERT S132A cell lines described in the present invention, CHO-

DG44 cells [Urlaub et al., Cell 33, 1983] are transfected with an expression construct

carrying an expression cassette for a mutant variant of the human CERT protein (CERT

Ser132->Ala, herein referred to as “CERT-S132A”), fused to an N-terminal Flag™
20  epitope tag (Figure 1).

The protein coding region has the following sequence (SEQ-ID NO: 1; sequence is given
in 5°-37 orientation; start and stop codons are underlined and in bold print, Flag™-tag
coding region is underlined and CERT coding region is represented in italics; mutated
25 codon changing Ser132-> Ala is marked by underlining and bold print):
GCCAGTGTGCTGGAATTCACCATGGCCCCACTAGCCGACTACAAGGACGACGA
TGACAAGATGTCGGATAATCAGAGCTGGAACTCGTCGGGCTCGGAGGAGGATCCA
GAGACGGAGTCTGGGCCGCCTGTGGAGCGCTGCGGGGTCCTCAGTAAGTGGACAA
ACTACATTCATGGGTGGCAGGATCGTTGGGTAGTTTTGAAAAATAATGCTCTGAGTTA
30  CTACAAATCTGAAGATGAAACAGAGTATGGCTGCAGAGGATCCATCTGTCTTAGCAA
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GGCGCAA TGGTGICCCTGGIGTCTGGA GCAAGIGECTA CTCTGCAA CA TCCACCTC
TTCATTCAAGAAAGGCCACA GITTACGTGAGAAGI TGGCTGAAA TGGAAACA TTTAGA A CA
TCTTATGT AEO 20AACEIBEACACGCTACA GAAGTACTTTGATGCCTGIGCTGA PCEEPSNQDSSDAA
GGATGAACTTCAAAGCGATAAAGT GGTAGAAGA TGATGAAGA TGAC TTTCCTACAACGCGITCTGA
TGGTGACTTCTTGCA TAGIACCAACGGECAA TAAAGAAA AGTITATTTCCACA TGIGACA
CCAAAAGGAATTAATGGTATAGA CTTTAAAGGGGAAGC
GATAACTTTTAAAGCAACTACTGCTGGAATCCTTGCAACACTTTCTCATTGTATTGAAC

TAATGGT TAAACGT GAGGACA GCTGGCAGAAGA GACTGGATAAGGAAACTGAGAAG AAAA GAAGAACA GA
GGAAGCATA TAXAARAT CERAHGACK TENKSTA RRGKAARBAX CCCCASTTTGAABERBCAGN AAATGAT

TTATGAAGAA TCTTTGAT
CAGh ChAGA THARKTACAR ARG A R R AR eE AR A ke 0
TCCTTGCCCTUNGEY A& GELCH Y EUC TOATKET LG R £ GAF RS AHY IO AGEETHE6/F (EATFAAGA
GA TGGTGCAGAACCACA T GA CTTACTCATTACA GGATGTAGGCGGAGA

TGCCAAT TCCECABTECAHT GIAARCAC ACOK (CANKTCARGCETSTACAC GARERTG CAACATCCACCTC

e T PP A U RSSO S

TGACT GCGAARAALTATALFAPLACATHABTETICHE GABACAG AA GTACTTTGATGCCTGTGCTGAT
TTAGCT GATAATGCAATCATCATTTATCAAACA CA CAAGA GGGIGTGECCT

CTCA
GCGAGACGTAFIAA G T WWQQ@@W%@MGA TGAAGATGAC

%X‘EETMW@E&%@@‘F R GERR i RS M oncn

TTCRATQCARGAT T FRBTTBAGACTTTAAA GGGGAA GC
S HECTC AT G aac
TAATGGTTAAACGTGAGGACAGCTGGCAGAAGAGACTGGATAAGGAAACTGAGAAG
AAAAGAAGAACAGAGGAAGCATATAAAAATGCAATGACAGAACTTAAGAAAAAATCCC
ACTTTGGAGGACCAGATTATGAAGAAGGCCCTAACAGTCTGATTAATGAAGAAGAGT
TCTTTGATGCTGTTGAAGCTGCTCTTGACAGACAAGATAAAATAGAAGAACAGTCACA
15 GAGTGAAAAGGTGAGATTACATIGGCCTACATCCTTGCCCTCTGGAGATGCCTTTTC
TTCTGTGGGGACACATAGATTTGTCCAAAAGGTTGAAGAGATGGTGCAGAACCACAT
GACTTACTCATTACAGGATGTAGGCGGAGATGCCAATTGGCAGTTGGTTGTAGAAGA
AGGAGAAATGAAGGTATACAGAAGAGAAGTAGAAGAAAATGGGATTGTTCTGGATCC
TTTAAAAGCTACCCATGCAGTTAAAGGCGTCACAGGACATGAAGTCTGCAATTATTTC
% TGGAATGTTGACGTTCGCAATGACTGGGAAACAACTATAGAAAACTITCATGTGGTG
GAAACATTAGCTGATAATGCAATCATCATTTATCAAACACACAAGAGGGTGTGGCCT
GCTTCTCAGCGAGACGTATTATATCTTTCTGTCATTCGAAAGATACCAGCCTTGACTG
AAAATGACCCTGAAACTTGGATAGTTTGTAATTTTTICTGTGGATCATGACAGTGCTCC
TCTAAACAACCGATGTGTCCGTGCCAAAATAAATGTTGCTATGATTTGTCAAACCTTG
2 GTAAGCCCACCAGAGGGAAACCAGGAAATTAGCAGGGACAACATTCTATGCAAGATT
ACATATGTAGCTAATGTGAACCCTGGAGGATGGGCACCAGCCTCAGTGTTAAGGGC
AGTGGCAAAGCGAGAGTATCCTAAATTTCTAAAACGTTTTACTTCTTACGTCCAAGAA
AAAACTGCAGGAAAGCCTATTTTGTTCTAGTATTAACAGGTACTAGAAGATATGT
TTTATCTTTTTTTAACTTTATTTGACTAATATGACTG

30
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AAAA CTGCAGGAAAGCCTATTTTGTITCTAGTA UUAACAGGTACTAGAAGA UAUGT
TTTATCTTTTTTTAACTTTATTTGACTAATATGACTGSt ably transfected cell pools are
gener at edwbyosei2gski on in the presence of the anti bi ot i @CpEPRMMPOEGNI
Expression of the CERT-S 132A transgene in the resulting stable cell pools
is confirmed by Western bl ot using anti bodies raised either against the
Flag(tm) tag or the CERT-S 132A protein itself. Since the cellular
productivity correlates with the CERT |evel, the cell pools with the

hi ghest CERT-S 132A expression |levels are selected for subsequent
si ngl e- cel IStaily miangfect&KAMPIPBOB arc GENERAT b@N cAIDoISCREEND NG NOF OUNODLI(NAGC

CHO CERT S132A CELL.LINES T f t ed. | | | i
RIS 132 RuEPeah dde el BRI A RhRet i G reits v IS GEPAgR ™ "
nonocl onal 6RMERATEY West@h|blbt iese aliied KdIQalsERTithdS2A ikt INEFlame tih18n the

extensively screened with regards to two paraneters: a) high l'evel of
CERT- S 132@Fé3<¥7§é%%$@mtelb)ltsdgti mal cell growth properties in both inocul um

cultures a ed-b 23, fi.nst, r sel ecti -
1320 oxpr oottt ST BARERTES sy tefhey hltRnecOIBY BheRATEA Bl il o
stai ni ng. MhighestCERE,S18DA ckpresdiontsciatdscldeedibohitstqueavshgledccll blonagel | ul ar
CERT-S 132A are selected for expansion and further analysis. CERT-S 132A
expression in the 15 sel ected CHO CERT S132A clones is further assessed by
Western Bl i nt4 j REF SN s CRESH f
t he CERT- S%er&ulf%fg%g ?'sqn g Iglg{ﬂ(??ri %ﬁ? ?’I ones lﬁ?ﬁg\ﬂg%lo@/%g@ 41,/@{?{&2,
2.67, 3.1 Bl1apd (EII1LINS® an industrial production host cell |ine, good
growt h characterisistics both in seed stock c r s well.as.in

f ed- bat'¢h E%C“éaé%waphfgesa? Y fROBE CYREMPERFINg @féﬁz%ﬁFéugﬁétGGéPfAcs'

I mpor tant. blmrﬁﬁgq%% Bell @an%ﬁﬁge%%%&{&ml @?ﬂ@EI@PﬁNf bMARd. ?ﬁ@@:ﬁ_b/@RﬁO

standard industrial inoculumschenmes and doubling tine and viabilities were
assessed. BlGURElancs hothen hetensinkly ngreoficd BitICH@aGERD twb prrenciers or)diigly lavel

growth rat of %@R"la-g%i& ee%qgression, b) optimal cell growth properties in both inoculum cultures

and fed-batch processes. In a first round of selection, CERT-S132A expression is assessed
15 in >100 CHO/CERT S132A clones by intracellular staining. From these, the 15 clones
with the highest level of intracellular CERT-S132A are selected for expansion and further
analysis. CERT-S132A expression in the 15 selected CHO/CERT S132A clones is further
assessed by Western Blot using anti-Flag™ antibodies (FIGURE 3). Overexpression of the
CERT-SA mutant is highest in the clones 1.15, 2.20, 2.31, 2.41, 2.65, 2.67, 3.11 and 3.31.
20  For an industrial production host cell line, good growth characterisistics both in seed stock
cultures as well as in fed-batch processes in serum-free chemically defined media are very
important. Therefore, CHO/CERT S132A clones were cultivated according to standard
industrial inoculum schemes and doubling time and viabilities were assessed. FIGURE 4
shows the ranking of 15 CHO/CERT clones according to growth rate (A) and their
25 viabilities over several culture passages (B). The two cell lines CHO/CERT S132A 2.20
(deposited at the DSMZ under the number DSM ACC2989 ) and CHO/CERT S132A 2.41
(deposited at the DSMZ under the number DSM ACC2990) are among the four clones
with the highest doubling time and show a viability of 80-100% (Figure 5A). Next, the
growth of CHO/CERT S132A cell clones is investigated in a fed-batch fermentation in

30  shake flasks which represents a small-scale model for biopharmaceutical production
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viabilities over several culture passages (B). The two cell lines CHO CERT
S132A 2. 20 (deposited at the DSMZ under the nunber DSM ACC2989 ) and

CHQO CERT 8022%/128082 (deposited at the DSMZ under the numrOEEPREMAGER990)
are anong the four clones with the highest doubling tine and show a
viability of 80-100% (Figure 5A). Next, the growth of CHO CERT S132A cell
clones is investigated in a fed-batch fernentation in shake flasks which
represents a small-scal e nodel for biopharnaceutical productionprocesses.
As shown in FI GURE 5A, all CHO CERT S132A clones show t he usual growth
profile w tphocssehmhs $1mwrgnﬂﬁH&ﬂlé$ealbﬁHCé6EBﬁi SzléaAb&mieﬁ(sh@a;@hmgiu@l@rbmh
concentratio ch the I at eau d subsequ

Cowar ds. ¢ hE a0l Phin P eran A s A VEP B g BN SrnEMee G pg i
CHO CERT  SHa#/vcatiRRes pMeval @HdWubsbqueaB) fedréis&y DMdidsSReshdl oF thb Eernttintatidh.
phase as well as the maximal cell densities. This translates into

di f f er encedlawevehéhopafamanemelige AIHQCER BB E24 slangs yarie)widhy eggarchie growth

pr oductl on C ( S RTrm

l'i nes, ¢l on 5&1 %1§1 glt%] %’B Sﬁglpﬁgo %H%Qﬁ%éih%glt %18&15%? T %%Sfeégéesnmm
hi gher Comalaﬁf@énde@ ih e pewveedit axhtegihioowgoleedells |(iTVi€) (dveg Wi pﬁocﬁ):tioﬂ‘@\ﬂ&é%’,
clone 1.13 has only | ow CERT-S 132A expression and i s therefore excluded.
Theref ore, me@el From alb englassd CH&ﬁCERTt P24y egld Hoes. plenesilol?. G TrRT

2. 20 (depo§|41eg}10@\; %%hh%gﬁé%ég%ﬁcﬁ he e\}%ﬁr@%{ gg%%) 98 ggﬁ%g‘glﬁg?&% A\ZI 41

(deposited at t under the nunber are as ce
wi t h hi gh IceN dihe ¢Fig@ERTBEAHexpras siooa 1dS haslonlyaleweKERTHEIBR Agexpwdskion and is

PoDeTt 2% B9, ol B2 SEeL S S o5, 0P el Bk S
CELLS AS H&JOWEERS f@B (BE NN RGN %EM@E@SWAH@@&%@TEM

Cells deposited with t MZ under the nunbers DSM ACC2989 (CHQO CERT 2. 20)

and DSM AC@Z@@?E(KT—IZ)’MRGPOZHM.M the ®SMIé ahddrdhe nmeb¢r5D$MrA€€a%9ﬁ)lammlected

protein as cells with high level of CERT-SA expression as well as excellent growth properties.

Both cell lines are ideal candidates as optimized host cell lines for production of

15 recombinant proteins.

EXAMPLE 4: CHO/CERT S132A CELLS AS HOST CELLS FOR RECOMBINANT
PROTEIN PRODUCTION USING THE GS SYSTEM
Cells deposited with the DSMZ under the numbers DSM ACC2989 (CHO/CERT 2.20)
20 and DSM ACC2990 (CHO/CERT 2.41) are ideal host cells for recombinant protein
production as they have an improved secretory capacity as well as good growth
characteristics. As the parental DG44 cell line, they are dhfr-deficient and thus compatible
with the most broadly used expression systems for recombinant proteins in the
biopharmaceutical industry, namely the dihydrofolate reductase (DHFR). They are
25 furthermore compatible with the glutamine synthetase (GS) selection/amplification
systems as well as other commonly used selection strategies such as neomycin, bleomycin,

hygromycin and zeozine.

-390.



production as they have an inproved secretory capacity as well as good
grom h characteristics. As the parental D344 cell line, they are

dhf r - def iwpDento/2sw2t hus conpatible with the nost broadl pyCuigPdo1©0p608%Ssi on
systens for reconbi nant proteins in the biopharnmaceutical industry, nanely
t he di hydrofol ate reductase (DHFR). They are furthernore conpatible with
the gl utam ne synthetase (GS) selection/anplification systens as well as
ot her comonly used sel ection strategies such as neonycin, bleonycin,
hygronyci n and zeozi ne. EXAMPLE 5 : CHQ CERT S132A CELLS AS HOST CELLS FOR
RECOVBI NANT | GA  ANTI BODY PRODUCTI ON To denonstrate their superior

el s CRERAVEREar CHOBER BLA TG HRSE RIS FOR R ERST

construct s [gxaoNTIBE@DYUrRODIENGoNonal g3 -type anti body. Stably
| gG produci ng cell popul ations are generated by selection in serumfree

chem cal | y-Ted¢mengtratsdiheifn SWb ¢S U OPeT ey bl REPbeelbndesribadhia heaxessae of
the ant I bi ?ﬁ\'f’e%tlg’d' ja§ we§tJ E? %ﬁeuﬁglielel% &Fg@ba(\é\@{) E?I? lfgljeea(fg % o %tlgq; Q)s}lltlhd ﬁégrrelssé?n

rrpllflcatlon usi ng otre as a sta

cell line deumtsnambdmg@gmmlan fﬁbﬁ‘odl@f&alll I§G ngyset iﬁblIb@dﬁESthblpdgGSpradL&iﬁg’l&ﬂl
subjected to a fedbatch fernentation process_in shake fl|asks. After 10
days, the PQPYIAH®Y HeLEnHaCd OYelFcHom N HEUNEycAREd lrya%qﬁ@ﬁ mediyre without

super nat ant ”fi ﬁlpgfl &ﬁgtl(gy arfd-in2he f%%erﬁjécbw %tﬁh&j‘r&4 Ps. Hﬂ? r'tpg'%% 4

titers of t est producl g pools erive om't
cells are rmlmleetddl}o gemeamlﬂ[ﬁvpaoredsm@ netiedtes ate (MVEIX sasdeart aseidstétrdard indestrial

conCERT( t I i Furt her e, e 25-75% ran e of the D&A4 ant] bod
oduoar oel S doy e O, i LG O ROy D b O sy
lg/L in G"@a@ﬁ%m%%ﬁﬁn';ﬂ&d% ﬁfjﬂﬁﬁé ﬂﬁﬁisl Afterd m@ayst he clﬂﬁﬁl\é@%&eré héﬁéﬁed and

obt ai ned with producer cell pools from CHO S132A cells is about 2-fold
hi gher conplag i tengeniodisnen the bipagpoadhn d%ammmdl lfyrEhIStﬁheAqodloewtlalFIGéIRE bi ne.

the median harvest titers of the 10 highest producing pools derived from the parental CHO-
DG44 cells are markedly lower compared to producer cells derived from the conCERT™

15 cell lines. Furthermore, the 25-75% range of the DG44 antibody producer cells is below
400mg/L, whereas it ranges from >400 up to nearly 1g/L in CHO/CERT S132A IgG
producer cells. Thus, the harvest titers obtained with producer cell pools from CHO/CERT
S132A cells is about 2-fold higher compared to producer cell pools derived from the
parental cell line.

20  These data demonstrate that the CHO/CERT S132A cells deposited with the DSMZ under
the numbers DSM ACC2989 (CHO/CERT 2.20) and DSM ACC2990 (CHO/CERT 2.41)
are superior host cells for recombinant protein production compared to the parental DG44

cell line.

25 EXAMPLE 6: CHO/CERT S132A CELLS AS HOST CELLS FOR RECOMBINANT
PRODUCTION OF AN IGG4 ANTIBODY
To demonstrate their superior properties, the conCERT™ cells described in the present
invention as well as the parental CHO-DG44 cell line are transfected with expression
constructs encoding a human monoclonal IgG4-type antibody. Stably IgG-producing cell

30 populations are generated by selection in serum-free chemically-defined medium without
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These data denonstrate that the CHO CERT S132A cells deposited wth the
DSMZ under the nunmbers DSM ACC2989 (CHO CERT 2.20) and DSM ACC2990

( CHO CERW@.2d40)128032 superior host cells for reconbi nant PpIr@PeI10/0ps00EUCt | ON
conpared to the parental DXA4 cell line. EXAMPLE 6 : CHO CERT S132A CELLS
AS HOST CELLS FOR RECOVBI NANT PRODUCTI ON OF AN | G ANTI BODY To denonstrate
their superior properties, the conCERT(tm cells described in the present
invention as well as the parental CHO- D&X4 cell line are transfected with
expressi on constructs encodi ng a human nonocl onal | g&4-type anti body.

St abl y | gGHpF sehpdémentatainl andopihapiosescarighgendriatiei4hy. Subiseptenty they were

serumfree chem cal |l y-defined.nmedi.um w.t hout HT | ement ation, and in the
oresence ofIRECA R RGN R T St el O i e b ReRE pdrighne
anpl i fi cat icem s idee:lomhéR tprextame ThMMXNItAS sRBdId caliSpodlsiranlar fibldeeidsb ral fH-
cell line devel opnment program The resulting stable cell pools are than

subj ect ed tetch feamsation rresore Ht drekoAagksodéss 10 dayshireutthegs ere pgrvested and

days, the . tration in the

super na? anﬁyéﬁéﬁfo%c%%%%gg%ﬁ%ékﬁg?%g&rf{g ?g%&ﬁg&\%efsls ‘iters of the 10

hi ghest pr athdciadjamp bahvestdetetsvedltier timhidhestpaoentiad pobleo-doaddd deinl shaapfrental
mar kedl y | ovverTé:)q%Tar ed to producer cells derived fromthe conCERT(tm_ cell

lines. Fur (& cehe a6 magbedly lgwchicopmaredcing PEtCeo 85 s dedvrde froak(ths s
bel ow 400 : ' > /1
el ow MLl R RS €3 HsntesrT}ﬁIJg%ﬁ? 1Ot é@-@s%lorahge %?g%é »da &tib%ﬁ%%gr

S132A 1gG producer cell e harvest titérs tained wt
cel | pool s ctiiom ol @Rmgdl, 3elereasl it sangss dtvout>420 fupl td deaghdg/Ic onmpaE@CERT

roducer cej ols derived, fromthe parental cell .li.ne. Bi opharnaceuti cal
e acur g2 Raat iradiceh 6 e AR oMo Alroel it N TroMRBea] BpoiyLem n
cGWP pr oduGtiQERMNS 82 R1cBils isnat{o:ll? 2118t hi@ﬁ&&oﬂ%akecﬂ{o%@&lw%{r @elgﬁ&% At/ded rom

t he hi ghest expressing genetically heterogenous cell pools. The performance
of the 10 Hioghtstparental cell line.

Biopharmaceutical manufacturing requires the generation of monoclonal cell lines for use

15 in cGMP production. Therefore, in the next step cell clones are generated from the highest
expressing genetically heterogenous cell pools. The performance of the 10 highest
expressing recombinant clones of each genotype are subsequently analysed in inoculum
cultures as well as in fed-batch processes as described above. Also on the level of
monoclonal cell lines, IgG4 producer clones originating from conCERT™ cell lines show

20  significantly higher specific productivities (FIGURE 7 A - 10 highest expressing
monoclonal cell lines from CHO/CERT 2.20 and 2.41 recombinant for IgG4-type antibody
(conCERT™) compared to the 10 top clones derived from DG44 cells (classic)).
Furthermore, this translates into higher overall IgG4 titres achieved with conCERT™ cells
in fed-batch processes (FIGURE 7 B).

25 The example shows that the CHO/CERT S132A cells deposited with the DSMZ under the
numbers DSM ACC2989 (CHO/CERT 2.20) and DSM ACC2990 (CHO/CERT 2.41) are
superior host cells for recombinant protein production compared to the parental DG44 cell

line.
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expressing reconbi nant cl ones of each genotype are subsequently anal ysed in
inoculumcultures as well as in fed-batch processes as described above.

Al so on twe 20evieBo3ef nonocl onal cell lines, |1g&4 produc@CTEPRIIGHS6009
originating fromconCERT(tm cell |ines show significantly higher specific
productivities (FIGURE 7 A - 10 hi ghest expressing nonoclonal cell |ines

from CHO CERT 2.20 and 2.41 reconbinant for Ig&-type anti body
(conCERT(tm ) conpared to the 10 top clones derived from D34 cells

(classic)). Furthernore, this translates into higher overall 1g4 titres
achi eved WHAMPLEERT ((NGOREAIHIZ BIQ PHAR MA(FH Pi(adle FREETHIN BRREUCBON e

exanpl e sho i with the DSMZ under

t he ngnberéﬁiﬁﬁﬂ%%E@g§é&%§ﬁéﬁﬁéﬁ$&§6é&?ﬁgﬁﬁmﬁéﬁﬁiééggéo (CHO CERT 2.41) are
superior hQSACERITIS ¢k HELRARI N@fl A ODSMY. Piridt Ctht ORuBBP DI t ACTheg9
parental DXA4 cell 1ine. MPLE 7 : | NCREASED Bl OPHARMACEUTI CAL PROTEI N

PRODUCT! ON(CHOZNERE 28 and RrSdY A CCRIROM GEREHFRT t274 1) cmd CHONPS: 468 owbbERTY t m)

and Dovt ACIBIO PR S g A R R Sy PRMANE S B A T,
vect or s engpsliyngeraile covilusiyolnkedab ehdFc-prRant By [EG bhtsaRpe s thelchy oAlitdrve.

(poly-)peptide covalently linked to_the Fc-part of an I?G anti body, as the
gene of i ntdfEselectgn, sypcEratards Bken Goperadsiark crlsuresric! strllmceld aacls oyenae

cuL L Oheab R Sk IR A BRESIE TN ORI i,

passages, fhe product titer termne
nunber of dglthsmican cabed cficells trecadqeaat thasppriddpeoductivity. Inrvoopapson, pariuct

product titers are rked] y. hi gher in progucer cell ener Jrom
conCERT(t m gt 6%4@?55% Belodh (150eA Gt rrBerad) Fe%efﬁ?@@??lg hor cells
Fc-fusion RpRb&icd to BIGHA deRivE@e R R GHE IHdFRSRsiBRPIJEERR(t M) - deri ved cell's
have a significantly increased productivity of the fusion protein as well
as hi gher tAlseris &t-tasehvedtures, conCERT™-derived cells have a significantly increased
productivity of the fusion protein as well as higher titers at harvest.
This demonstrates, that use of conCERT™ host cells in cell line development enables the

15 generation of producer cell lines with enhanced specific production capacities as well as

higher titres in serial cultures or in bioreactor batch or fed batch cultures.

EXAMPLE 8: CONCERT™ CELL LINES REPRESENT SUPERIOR HOST CELLS
FOR BIOPHARMACEUTICAL PRODUCTION OF SINGLE-CHAIN-FV (SCFV)
20  MOLECULES AND DOMAIN ANTIBODIES.
conCERT™ cells deposited with the DSMZ under the numbers DSM ACC2989
(CHO/CERT 2.20) and DSM ACC2990 (CHO/CERT 2.41) and CHO DG 44 cells are
transfected with vectors encoding a single-chain-Fv (scFv) or a domain antibody
(comprising one or more domains of the variable region of a single-chain antibody derived
25 from lamas or other animals from the family of camelidae) as the gene of interest. After
selection, supernatant is taken from seed-stock cultures of all stable cell pools over a
period of four subsequent passages, the product titer is determined by ELISA and divided
by the mean number of cells to calculate the specific productivity. In comparison, product
titers are markedly higher in producer cells generated from conCERT™ host cells

30 compared to DG44 derived cells expressing the scFv protein or the domain antibody.
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Thi s denonstrates, that use of conCERT(tm host cells in cell line

devel opnent enabl es the generation of producer cell lines with enhanced
speci fi c WoadueB@a capacities as well as higher titresPCh/EPRO0AL600ul t ur es
or in bioreactor batch or fed batch cultures. EXAMPLE 8 : CONCERT(tn) CELL
LI NES REPRESENT SUPERI OR HOST CELLS FOR BI OPHARVACEUTI CAL PRODUCTI ON OF

SI NGLE- CHAI N- FV (SCFV) MOLECULES AND DOVAI N ANTI BODI ES. conCERT(tn) cells
deposited with the DSMZ under the nunbers DSM ACC2989 (CHO CERT 2.20) and
DSM ACC2990 (CHO CERT 2.41) and CHO DG 44 cells are transfected with

vect ors enddsh rig feddiangl esloras,reoRC ERSICMvderied acablontdvie antigifdantlyc oweprasst ng

one or nore d ins he varj abl e region, of. a sjngle-chain antibody
Gorived 1 SHATED of g Fridon SRl o1 B EnE Faadl DFURtcamel | dae) as. the
gene of i nt@iesdmordfrh@s, thal B6lif @BaCERPEY Agdt aBlls inScdllakRNddveRPSRES 510Gk
cultures of all stable cell pools over a period of four subsequent
passages, tgﬁ@erptﬂ@ugf:pmﬂu@eérceﬁélmém?hmwhéachwpﬁelﬁsmrmﬂan whprseigsyastwidl aean
nunber of %géﬂe%{r& ﬁasleﬁﬁl Blefirek Bﬁinst%&%'a&'o&éﬁé@&'%‘fé& 'b‘rﬂcfl)éultﬁr@s.conpar | son,
product "‘titers are nar edﬁy %lg er Irn producer cells generated from
conCERT(tm host cells conpared to D4 derived cells expressing the scFv
protein or the domain antibody. Also in fed-batch cultures,

conCERT(tm -derived cells have a significantly increased productivity of
the fusion protein as well as higher titers at harvest. This denonstrates,
that use of conCERT(tn) host cells in cell |ine devel opnment enables the
generation of producer cell lines with enhanced specific production
capacities as well as higher titres in serial cultures or in bioreactor
batch or fed batch cul tures. SEQUENCE TABLE: SEQ ID NO 1 Fl ag- CERT- SA
codi ng region (2373 bp fragnent generated using prinmers CW sense (SEQ ID
NGO 2) and Term nator anti-sense (SEQ ID NO 3) SEQID NO 2 Priner CW
sense
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SEQID NO 3 Priner Term nator anti-sense SEQ ID NO 4 Priner CERT-for SEQ
ID NO 5 Priner CERT-rev SEQ ID NO 6 660 bp PCR product obtained with
primers CEADRofoors@GBSEQ | D NO 4) and CERT-rev (SEQ | D NOPCHEPRHBERENCE LI ST:
Fal | aux, F.J., Bout,A., van,d.V., |, van den Wl lenberg,D.J., Hehir, K M,
KeeganJ., Auger.C, Craner,S.J., van,OH., van der Eb,A J., Valerio,D., and
Hoeben, R C. (1998). New hel per cells and matched early region 1-del eted
adenovirus vectors prevent generation of replication-conpetent
adenoviruses. Hum Gene Ther. 9, 1909-1917. Florin,L., Pegel,A , Becker, E
Hausser, A. SHQRENOVEIABRE:, and Kauf mann, H. Het erol ogous expression of the

lipid tran 55 ase therae ein productjvity of
manmal i an ?ﬁﬁﬁﬁ) rnaﬁz&‘cg)\]it n(ggy g g?%@s C%r'aglg:lg & ﬁ%{? using
Hanada, K., Kunagai, K., Yasuda, S. M ura Kawano, M , Fukasawa, M, and
Nishijim, M (2003). Mol BHOCEY Wﬁﬁnﬁ%@m&@% ne\angl Eqiminatqrraafitsepss (85 Qf
ceram de. Nature 426, 803-809. U laub,G, Kas,E., Carothers, AM, and
Chasin, L. A (1983). Del eiDXNOo¥) t he dipl oid di hydrof ol ate reductase | ocus
fromcultured mammal i an cells. Cell 33, 405-412. CLAIM5 1. A cell deposited

with the DSHQ [IDaW:Che PHamricng svrdd M kr oor gani smen und Zel | kul turen GrbH)
under the nunber DSM ACC2989 (CHO CERT 2.20). 2. A cell deposited wth the

DSMZ under deehsiPer DEMLACER%Ratohid (3T 2. 41). 3. The cell according to

claiml or 2, whereby the cell additionally contains at |east one second

vect or con%tErdjﬁﬂN@qprl shing ppggnpof interest encoding a protein of

I nterest.
SEQ ID NO: 5 Primer CERT-rev

SEQID NO:6 660 bp PCR product obtained with primers CERT-for (SEQ ID NO: 4)

10 and CERT-rev (SEQ ID NO: 5)

REFERENCE LIST:

Fallaux,F.J., Bout,A., van,d.V., I, van den Wollenberg,D.J., Hehir,K.M., Keegan,J.,

Auger,C., Cramer,S.J., van,0.H., van der Eb,A.J., Valerio,D., and Hoeben,R.C. (1998).
15 New helper cells and matched early region 1-deleted adenovirus vectors prevent generation

of replication-competent adenoviruses. Hum. Gene Ther. 9, 1909-1917.

Florin,L., Pegel,A., Becker,E., Hausser,A., Olayioye,M.A., and KaufmannH.
Heterologous expression of the lipid transfer protein CERT increases therapeutic protein

20  productivity of mammalian cells. Journal of Biotechnology /n Press, Corrected Proof.

Hanada,K., Kumagai,K., Yasuda,S., Miura,Y., Kawano,M., Fukasawa,M., and
Nishijima,M. (2003). Molecular machinery for non-vesicular trafficking of ceramide.
Nature 426, 803-809.

25
Urlaub,G., Kas,E., Carothers,A.M., and Chasin,L.A. (1983). Deletion of the diploid

dihydrofolate reductase locus from cultured mammalian cells. Cell 33, 405-412.
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4. The cell according to claim3, whereby all vector constructs are stably
integrated into the cells genone. 5. The cell according to claim1 to 4,
wher eby swiDRoel2Bo32s characterized by a) a specific PCRrPoamg2@ans@on /
fingerprint when using genonmc DNA as tenplate, whereby a 2373 bp PCR
product is generated using the oligonucleotide prinmers of SEQID NO 2 and
SEQ ID NGO 3 or b) a specific PCR band pattern / fingerprint when using
genom ¢ DNA as tenpl ate, whereby a 660 bp PCR product (SEQ ID NGO 6) i s
generated using the oligonucleotide primers of SEQ ID NO 4 and SEQ I D NO
5 or c) a $PesIMISc nunber of fragnents and fragnent sizes resulting from
the i ncubation of the CERT-specific 2373 bp-PCR product of (a) with the
following restriction enzynes:, whereby the incubation with HindlIl is

preferred. 16. ATREl GRpbsiRe GO itIY DISMEZ Eﬂeﬁﬁ;cﬂe § Ommlues LMk tdd ey iRl n P A
expression cassette consists of the SEQID NO 1. 7. The cell according to

clains 3 to 6Zclikdfupy Godl)pmdetetha nembemp SMeA€CLE8R(GHA(FHELL20)-pr ot ei n
prefera@ly an anti body or an anti body fusion protein. 8 A nethod for
generating a host cell line characterized by the follow ng steps a)

Provi di ng @.paret dtpdinsd witl the PERf2atdrytha KuriheerDNAOACKIA990 (ICHO/CERT

I ntroduci ng a_vector construct in said parental host cell of step (a)
conprising a SERT S132A expression cassette, c) Selecting for a stably
transfected cell population, d) Isolating nonoclonal cell |ines by

FACS- based single-cell cloning, e) Screening said nonoclonal cell lines for
i) high | eBel ShotelCRdrdaiB A clexpi es i, ewhereby the cell additionally contains at least one

10 second vector construct comprising a gene of interest encoding a protein of interest.

4. The cell according to claim 3, whereby all vector constructs are stably integrated into

the cells genome.

15 5. The cell according to claim 1 to 4, whereby said cell is characterized by
a) a specific PCR band pattern / fingerprint when using genomic DNA as template,
whereby a 2373 bp PCR product is generated using the oligonucleotide primers of
SEQ ID NO: 2 and SEQ ID NO:3 or
b) a specific PCR band pattern / fingerprint when using genomic DNA as template,
20 whereby a 660 bp PCR product (SEQ ID NO: 6) is generated using the
oligonucleotide primers of SEQ ID NO: 4 and SEQ ID NO: 5 or
¢) aspecific number of fragments and fragment sizes resulting from the incubation of

the CERT-specific 2373 bp-PCR product of (a) with the following restriction

enzymes:
Enzyme # Fragments Fragment size(bps)
EcoRV 2 2236, 137
HindIII 2 2176, 197
Kpnl 2 2142, 231
Ncol 2 2096, 277
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, whereby the incubation with HindIlI is preferred.

6. The cell according to claims 1 to 5, whereby the CERT S132A expression cassette
consists of the SEQ ID NO: 1.

protein, preferably an antibody or an antibody fusion protein.

a) Providing a parental host cell, preferably a CHO or NSO cell,

The cell according to claims 3 to 6, whereby the protein of interest is a therapeutic

. A method for generating a host cell line characterized by the following steps

b) Introducing a vector construct in said parental host cell of step (a) comprising a

CERT S132A expression cassette,

©)
d)

¢)

Screening said monoclonal cell lines for

Selecting for a stably transfected cell population,

Isolating monoclonal cell lines by FACS-based single-cell cloning,

1) high levels of CERT S132A expression,

i1) optimal growth in seed stock cultures,

1i1) optimal growth in fed batch cultures,

20

screening criteria of step (¢) as host cell line.

9. A method for generating a host cell characterized by the following steps
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Selecting a monoclonal cell line from the cell clones of step (d) according to the



13. The method of claim 12, wherein the nethod conprises the additional
step of d) Purifying the protein of interest. 14. A method of identifying a
cel | whi owoi2s1t8mssgene for CERT S132A (SEQ I D NO 1) bycCa)epRPawofssont ng a
pol ymerase chain reaction PCR, b) Using genonmic DNA as tenplate, and c)
Using the oligonucleotide priners with the SEQID NO 2 and SEQ ID

NG 3, whereby a 2373 bp PCR product is generated. 15. A nethod for
cultivating a cell conprising a) Providing a cell according to any one of
claims 1 to 7 and b) Cultivating said cell, under conditions which allow
the proliferati dnovflingairdrangd! hostigll, pustrabiy & Kél@ et NSQcestr di ng t o any one of
claims 1 to 7 fﬁr

cel | accordiny %trél eiﬂ%ﬁag l‘J’%‘f 8%: ?épifsﬁga%%o ch%grlgﬂt%b;}%% écgﬁi Ogjrﬁtt?}’ggatr)n;cr ing%igglgaa
expression of agEESPi2A BLREQSn ABkta, cel | cul ture medium for cul tivation
of said cell. ¢) Selecting for a stably transfected cell population,
5 d) Isolating cells by FACS-based single-cell cloning,
¢) Screening said cells for

1) high levels of CERT S132A expression,

i1) optimal growth in seed stock cultures,

1i1) optimal growth in fed batch cultures,

10 f) Selecting a single clone or a pool of cells according to the screening criteria of step
(e) for the use as host cell.

10. The method according to claim 8 or 9, whereby the CERT S132A expression cassette
of step (b) consists of SEQ ID NO:1.

11. A method of producing a protein of interest encoded by a gene of interest in a cell of
any one of claims 3 to 7 characterized by the following steps:
a) Providing a cell according to any one of claims 3 to 7,
b) Cultivating the cell, under conditions which allow the expression of at least one

20 gene of interest.

12. The method of claim 11, wherein the method comprises the additional step of

¢) Harvesting the protein of interest.

25 13. The method of claim 12, wherein the method comprises the additional step of

d) Purifying the protein of interest.

14. A method of identifying a cell which is transgene for CERT S132A (SEQ ID NO:1) by
a) Performing a polymerase chain reaction PCR,
30 b) Using genomic DNA as template, and
¢) Using the oligonucleotide primers with the SEQ ID NO: 2 and SEQ ID NO:3,
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whereby a 2373 bp PCR product is generated.
15. A method for cultivating a cell comprising
a) Providing a cell according to any one of claims 1 to 7 and
5 b) Cultivating said cell, under conditions which allow the proliferation of said cell.

16. Use of the cell according to any one of claims 1 to 7 for the manufacturing of proteins.

17. A kit comprising a cell according to any one of claims 1 or 2, an expression vector for

10 expression of a gene of interest and a cell culture medium for cultivation of said cell.
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