CELL SURFACE DI SPLAY OF POLYPEPTI DE | SOFORMS BY STOP CODON READTHROUGH The
present invention pertains to a nethod for selecting high-producing
mamal i artwBagto/@dells as well as to vectors and host cel PETERR2A8I0DE46 or use
in a respective nethod. Furthernore, the present invention pertains to a
met hod for efficiently producing pol ypeptides with a high yield. Selection
of high-producing cell lines is an inportant first step in the devel opnent
of any bioprocess and is one of the greatest challenges in biotechnol ogy.
One problemis that such high-producing clones are rare, may spend nuch of
their energy on polypeptide production, and thus have reduced growth rates.
This | eads to overgrowth and non- or | ow produci ngcells. However, in the

production of polypeptides it is desirable to obtain cell |ines producing
t he pol ypeptide of interest with a high yield. Traditionally,
hi gh- producing cell lines were se lected by rounds of limting dilution

cloning foll owed by product analysis. However, this traditional route has
several draw backs as it is both |abor intensive and costly. Beyond that,
the whol e process is tinme consum ng and can take several nonths to conplete
and even then t [ be stable
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nunber of cells that can be screened thereby potentially reducing the
efficiency of selection of |ow abundance, high productivity cells.
Therefore, there have been many efforts to provide alternative nethods for
sel ecting high producing clones. For exanple, flow cytonetry has made it
easier to nonitor productivity and to isolate cells with specific
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traditio roaches for selectlng hi gh productivity cells utilizing fl ow
cytonetry were established for the selection of hybridonma cells. One
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lected by rounds of limiting dllutlon clonlng followed by product anaIyS|s wever, th|s tradi-
15  tional route has several draw-backs as it is both labor intensive and costly. Beyond that, the
whole process is time consuming and can take several months to complete and even then
there is no guarantee that the clone cell line will be stable and so useful for industrial bio-
processing. Furthermore, selection of the highest producers can be compromised by practi-
cal limitations on the number of cells that can be screened thereby potentially reducing the

20 efficiency of selection of low abundance, high productivity cells.

Therefore, there have been many efforts to provide alternative methods for selecting high
producing clones. For example, flow cytometry has made it easier to monitor productivity and
to isolate cells with specific characteristics. Important advantages of flow cytometry include

25 the ability to screen large numbers of cells rapidly, with the capability to distinguish cell sub-
populations and the ability to efficiently select low abundance cells demonstrating the desired
characteristics. Most of the traditional approaches for selecting high productivity cells utilizing
flow cytometry were established for the selection of hybridorha cells.
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met hod i s based on creation of an artificial affinity matrix, specific for
the secreted product of interest. Secreted nolecules bind to the affinity
mat ri x orwonelszedeace of the secreting cell and are sub®€dFEPAIVPIG2abel ed
with specific fluorescent reagents for flow cytonetric analysis and cel
sorting. Mcrodroplet encapsul ation |n%plves conpl ete encapsul ati on of
single cells in agarose beads. These beads contain specific capture

anti bodi es and so simultaneously capture secreted product and prevent cross
feedi ng of product between cells. O her nethods rely on the co-expression
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it was telisstindnat it is not possi ble to performseveral rounds of
enrichment and sel ection. Therefore, there is a need in devel oping a
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with a high yield. The present I nvention solves this problemby providing a
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| east one stop codon downstream of the first "polynuc eotl e, and a second
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proteins. The membrane bound capturing proteins are anchored to the cell surface and cap-

25 ture the secreted polypeptide as soon as they are released from the cells. Those captured
molecules can then be detected on the surface of the cell. However, genetically engineered
host cells are necessary and also cross-feeding of non-producing cells might occur.

Also secreted products transiently associated to the cell membrane have been used in order

30 to select producing cells. However, cross feeding of non-producing cells occurs and this
method has a rather high background activity. Furthermore, it was found that it is not possi-
ble to perform several rounds of enrichment and selection.

Therefore, there is a need in developing a technology for selecting high-producing host cells.

35 ltis thus the object of the present invention to provide a method for detecting high producing
recombinant host cells within a large populating of non-, low-, and/or medium-producing cells
and to provide a method for producing polypeptides with a high yield.

The present invention solves this problem by providing a method for enriching or selecting at
40 least one eukaryotic host cell expressing a desired level of a polypeptide of interest, compris-
ing:



b) cultivating the eukaryotic host cells to all ow expression of the

pol ypeptide of interest such that at |east a portion of the pol ypeptide of
i nterest WO28YReWded as a fu sion pol ypeptide conpri si RGT{ER2009/006246

i mmunogl obul i n transnmenbrane anchor or a func tional variant thereof,
wherein said fusion polypeptide is beLmrg displayed on the sur face of said
host cell; c) selecting at | east one eukaryotic host cell based upon the
presence or ampunt of the fusion polypeptide displayed on the cell surface.
A "het erol ogous nucleic acid" refers to a polynucl eoti de sequence that has
been introduced into a host cell e.g. by the use of reconbi nant techni ques
su;:h asI t r?ng)‘;ﬁsmuiﬁg a ng_nt%‘ﬂtéuﬁﬁ%tidmtt _eéusrwnb;n@,ing@ﬁaéro?@o%ﬁ rﬁerétmh pus
pol ynucl eoti de_corresp A o,..[ | y. be .ing identica

het o1 ol ogous FETTRETUFL erbgevare (Gas oD kotbriad a L pif Adab8Re- gous
nucl ei ¢ aci d" tidef(EnPOY eaceding thempgwpspiide |0f ditergst, iahiaastiore gtopricgon MeWRost
cel Is I ntroducdtieam ofettie fiest polynavledtide, @and ysdcoat pblyniclegide dowrisabama ofeied or

that may integnal @ols @n&an%qumggmnm%hsrﬁe#nbracé_t&whsr F aNRhEfHaP

n).
In case the het e.roltggou_ nuclfeirc acid’is not I1nserted into the genone, the
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undergo mitosis (transient transfection). Both variants are suitable, however, stable transfec-
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into the genome, e.g. by episomal replicatioh. However, also other techniques are known in
the prior art for introducing a heterologous nucleic acid into a host cell which are also de-

30 scribed in further detail below.

A “polynucleotide” is a polymer of nucleotides which are usually linked from one deoxyribose
or ribose to another and refers to DNA as well as RNA, depending on the context. The term
“polynuclectide” does not comprise any size restrictions. '
35 :
A “cassette” describes a group of polynucleotide elements, operably linked to each other,
comprising e.g. a polynucleotide (Pn-POI) encoding the polypeptide of interest, a polynucleo-
tide encoding a immunoglobulin transmembrane anchor or a functional variant thereof, a
polynucleotide encoding a marker, regulatory elements and/or other polynucleotides de-
40 scribed herein. A “cassette” as used herein comprises at least two polynucleotide elements.
A cassette may or may not comprise regulatory elements as polynucleotides such as e.g. a



Interest, which is then accordingly under the transcriptional control of
said transcription initia tion elenent. An expression cassette may al so
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the translation at said stop codon results in a pol ypeptide product - not
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fusgdl immunoglobulin transmembrane anchor or a functional variant thereof which allows anchor-
ing of the polypeptide to the cell surface. The term “immunoglobulin transmembrane anchor”

and “immunoglobulin transmembrane domain” are used as synonyms herein. The stop
codon constitutes or is part of a translation termination signal and may be the natural stop
codon of the polynucleotide encoding the polynucleotide of interest and thus the stop codon

30 thatis naturally used to terminate translation. The design of the cassette (Cas-POl) results
upon expression in the generation of two different polypeptides when the first and second
polynucleotides are transcribed into a transcript, which is optionally processed, and subse-
quently translated. According to one translation variant, translation of the transcript is aborted

at the (at least one) stop codon located between the polynucleotide (Pn-POIl) encoding the

35 polypeptide of interest and the polynucleotide encoding an immunoglobulin transmembrane
anchor or a functional variant thereof. The termination of the translation at said stop codon
results in a polypeptide product — not comprising the transmembrane anchor. According to

the second translation variant, translation reads through said at least one stop codon,
thereby rendering a translation product comprising the polypeptide of interest and fused

40 thereto the immunoglobulin transmembrane anchor or a functional variant thereof which is
capable of anchoring the fusion polypeptide to the cell membrane. Such fusion polypeptide is



thereto the i mmunogl obulin transnmenbrane anchor or a functional variant
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tected by common detection methods.

According to the teachings of the present invention, at least a fragment of an immunoglobulin
transmembrane anchor/domain is used in order to anchor the polypeptide of interest to the
35 cell surface. In case a fragment instead of a full-length immunoglobulin transmembrane an-
chor is used, the respective fragment shall allow anchoring of the fusion polypeptide to the
cell surface. The immunoglobulin transmembrane anchor/domain or functional fragment
thereof is embedded in and thereby tightly anchored to the cell membrane. This tight anchor-
age distinguishes the anchors of the present invention from e.g. a GPI anchor. The immu-
40 noglobulin transmembrane anchor used according to the present invention provides a very
robust and thus durable anchoring of the fusion polypeptide to the cell surface which is also



transnmenbrane anchor/domain is used in order to anchor the pol ypeptide of
interest to the cell surface. In case a fragnent instead of a full-length
i mmunogl oNOI2bW/Rehsnmenbr ane an chor i s used, the respe®CIER2000Q06Nt shal
al l ow anchoring of the fusion polypeptide to the cell surface. The

I mmunogl obul i n transnmenbrane anchor/domgai n or functional fragnent thereof
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30 ’

Also provided is a method for producing a polypeptide of interest with high yield, the method
comprising:

a) providing a plurality of eukaryotic host cells comprising a heterologous nucleic acid

35 comprising at least one cassette (Cas-POI) comprising a first polynucleotide (Pn-
POI) encoding the polypeptide of interest, at least one stop codon downstream of

the first polynucleotide, and a second polynucleotide downstream of the stop codon

encoding an immunoglobulin transmembrane anchor or a functional variant thereof;

40 b) cultivating the eukaryotic host cells to allow expression of the polypeptide of inter-
est such that at least a portion of the polypeptide of interest is expressed as a fu-
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important component of the overall production process.

25  The use of an immunoglobulin transmembrane anchor or functional fragment thereof accord-
ing to the teachings of the present invention is particularly advantageous when producing
immunoglobulin molecules, as said immunoglobulin transmembrane anchor is naturally suit-
able to fix immunoglobulin molecules to the cell surface. Surprisingly, it is found that the im-
munoglobulin transmembrane anchor can be used when expressing immunoglobulin mole-

30 cules in mammalian host cells such as CHO cells. This is surprising, as the prior art assumed
that the co-expression of the Ig alpha and Ig beta receptor chains is necessary in said cells in
order to achieve surface — and accordingly cell membrane anchored — expression of antibod-
ies when using the Ig transmembrane domain as anchor. These co-receptors are e.g. natu-
rally expressed in B-cells and B-cell derivatives such as hybridoma or myeloma cells (e.g.

35 SP2/0 cells) but are not expected to be expressed in non B-cells such as CHO cells. How-
ever, it is found that despite the missing expression of the co-receptors the surface display of
the polypeptides of interest and in particular of immunoglobulin molecules worked well on
non B-cell derivatives such as CHO cells when using the Ig transmembrane anchor/domain.
Hence, according to one embodiment a eukaryotic host cell is used which is not a B-cell or a

40 B-cell derivative. Accordingly, a-eukaryotic, preferably a mammalian host cell used which
does not naturally express the Ig alpha and Ig beta receptor chains. Thus, preferably, the
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30 The nucleotide sequence of a section of a suitable cassette (Cas-POl) is shown as SEQ ID
NO: 1. The shown detail comprises an in frame stop codon suitable for translational read
through and a polynucleotide encoding a particularly suitable immunoglobulin (Ig) transmem-
brane domain that can be used according to the teachings of the present invention. The stop
codon is located in frame downstream of the polynucleotide encoding the polypeptide of in-

35 terest and thus the polynucleotide sequence that is transcribed and processed into an amino
acid sequence. The coding sequence refers to the sequence that is translated into amino
acids. Thus, the stop codon does not belong to the coding sequence and accordingly to the
polynucleotide encoding the polypeptide of interest. The stop codon can be the natural stop
codon of the polynucleotide encoding the polypeptide of interest. In this case, no additional

40 stop codon(s) need(s) to be but may be present (see above).



menbr ane anchor which conprises an 1gG derived cytoplasmatic domain is
shown in SEQ ID NO 3. Thus, the i munogl obulin transnenbrane anchor my
conpri se wopolwpepti de sequence as shown in SEQ I D NO PCampcew/08EE% | D NO
3 or functional variants, in particular functional fragnents thereof, which
al I ow the anchoring of the fusion polypeptide to the surface of the host
cell. The nucl eoti de sequence of a sectlion of a suitable cassette (Cas-PQA)
is shown as SEQID NO 1. The shown detail conprises an in frane stop codon
suitable for translational read through and a pol ynucl eoti de encodi ng a

parti cuirpé bycondi govluelebidel SOHE Pasdtie (Oag)POI) Ay ENRLES anemAiBgIobillnatargan be
used a%%Fr%'Tré}% LeroP &r {a%ﬁ&ioﬂf&l fant ﬂ%r%ﬁfﬁ@ﬁ .céﬁ%ﬁ@%éogi'bog-ﬁgﬁtio%tg JeRgon 1S

| ocated 1 n Trane_d t _ ] tid

of | nt ePRRn 3 ACCHEND . S IR A el S BRI ERbS! 3 SUIEPIE EEP ISP

pr oces sk transnoerabraasi demai i alse eouprising aKytoptasdiatig dostpire (fbe cytp@asmatio dohe

E efluﬁncﬁ‘]atrhéibné s dIEa B8RV @ SET M ND:NY, ﬂhéiddﬁ?ativ%_%mo bbigs TbRBssoPdMg tdarRs not
el on C ence. 0 . DO C .

encod ngAh S BBCRISARRE BRI o85S LALI e o' BohBECISRINRE bbitfecting

stop cotesiPnloneis an shan ad SERIRNSL &) s Aepami9eqtidsieanhe prasepeisithe | n

thi s capesitiorocaddpondingito thea leastiong stoproedarf aid the ddjadent codon, dependireon

(see abgyednolBR sRRCAMSPMdYSHURINGSEr ARt cdddfs GRaSRE (Red GaRBM dodBRls)EAs ode

S S St RS T oo R B Al R
shows as¢quenperof \the irgipeptide of intergst. eAqeatdinaly| FbimmuRcgleRIfiEntERRRMEaRDra8emiI n,
al so codpmhaini cognprisitgtaDpdlgsemitie Gedoenenas( $Hoevncyst BREQAONEOL 2 cil Bnexi anfumictiorel | S

ﬁL; Eysgg%n%nasn SERCcLRr ¥Qundtional fiSgrtitahérésr H B ussd 8 aQRinsRRRMMsH Sndrer t he

odon and the additional , codon (W), and.a,connecting regjon_ (the
connoct FROTEY DIttt preity g ihsiaie netRe i 4 BEREReS el |
acilds cwall peimthe sleperibiel verterpard betiselisor r esponding to the at | east one stop
codon and the adjacent codon, depending on the chosen stop codon and/or

nunber of fu?'utcf?&aqgglﬁ]’&tﬁ’hgﬁ% iR ﬁb@?fbﬂﬁh@ﬁ&ﬂ&ms%@mor Ssotdits & mgid?es_&ﬁi ds
i ¥

u
are only present, | S] on po eptide, they do not alter.the.amn
aci d selyERtes 'a?'uﬁﬁé!nwp9§"§£c"|nd€a%%9%rﬁqra%epfmo/%@awap Riie,or gre amind ad
i MunogBeBENce exehanges ribidasielaliondi substittienss phadditions) yyidptesgectstedhe reings
shaw aaci®EquéhdsQdf tRe despbctve Aafurdldinrumaglobalin @aismémbrane domairaand func-
functi oggla) ffr’éﬁmgﬁf%tofztgg'?&g oiﬁg{weh WiGH t%ﬁsﬂehﬁ%%&ﬁﬁ?oﬁ%ﬁ%oﬁ%@[ di ng
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met hods PeRidefgte eadl Sufacee gescribed vectors and host cells. "A functional

variant” of an imunogl obulin transnmenbrane anchor according to the present
As translation termination signal and thus stop codon any one of the three stop codons that

signal termination of protein synthesis (TAA (UAA), TAG (UAG) and TGA (UGA) - also in

25  various tetranucleotide contexts, see below) can be used between the polynucleotide (Pn-
POI) encoding the polypeptide of interest and the polynucleotide encoding the immunoglobu-
lin transmembrane anchor or a functional variant thereof, depending on the desired level of
suppression (read-through). As is outlined above, the stop codon may also be the natural
stop codon of the polynucleotidé encoding the polypeptide of interest. Preferably, said trans-

30 lation termination signal has an incomplete termination efficiency in order to promote transia-
tional read through. The “leakyness” of the stop codon is also influenced by the codon(s)
adjacent and thus downstream of the at least one stop codon, in particular the first nucleotide
may influence the transcriptional read-through (see below).

35 The cassette (Cas-POl) needs to be transcribed in order to allow the expression of the poly-
peptide of interest. According to one embodiment, the cassette (Cas-POl) is therefore an
expression cassette. According to a further embodiment, the cassette (Cas-POI) is integrated
into the genome of the host cell such that the cassette (Cas-POl) is under the transcriptional
control of a transcription initiation element of the host cell, such as an promoter.

40
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25  through still occurs in order to allow the production of the fusion polypeptide which may be
achieved according to one embodiment by adjusting the culture conditions.

The primary transcript may be a pre-mRNA comprising introns. A respective pre-mRNA
would be processed (spliced) into mRNA. Alternatively, transcription may result directly in
30 mRNA. During translation of the mRNA transcript there is usually a natural level of back-
ground read-through of the stop codon(s) or a respective read-through level can be induced
by adapting the culture conditions. This read-through level results in a certain proportion of
fusion polypeptides that also depends on the number and nature of the used stop codon(s),
the downstream stop codon and in particular the tetranucleotide context of the stop codon(s)
35 and the culture conditions. Accordingly, a certain proportion of fusion polypeptide is produced
according to the teachings of the present invention despite the presence of the stop codon.
These fusion polypeptides comprise the immunoglobulin transmembrane anchor or a func-
tional variant thereof, tightly anchoring the fusion polypeptides to the cell surface. As a result,
the fusion polypeptides are displayed at the surface of the host cells, and cells displaying
40 high levels of membrane-anchored recombinant fusion polypeptides (indicating a high level
of secreted polypeptide) can be selected e.g. by flow cytometry, in particular by fluorescence
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Acad. SHie anyipo asidf texpolypeptidoal Bterest rameins Ungltared.c Aci ds Research 18 (21)
6339- 6345, herein incorporated by reference). According to one enbodi nent,
the fol {pPxidigbrstoQRe pBEGHIe IREf Rilitipte YR BodbREfAbRIAgRRE BBIyhScleotide (Pn-POI)
20  encoding the polypeptide of interest, it will normally be advantageous to use multiple stop
codons downstream of the sequence encoding the immunoglobulin transmembrane anchor
or functional fragment thereof. The use of multiple stop codons in this position, e. g. up to
about ten stop codons, such up to about six or eight stop codons, such as about two, three,
four or five stop codons, will ensure efficient termination of translation.
25
The amount of fusion polypeptide present and thus detectable on the cell surface usually
increases during polypeptide synthesis as the fusion polypeptide remains anchored to the
cell membrane and thus accumulates on the cell surface as expression continues. According
to one embodiment, the cassette (Cas-POl) is constructed such that stop codon read-
30 through results in approximately < 50 %, < 25 %, < 15%, < 10%, < 5%, <2,5%, < 1,5%, < 1%
or less than < 0,5% fusion polypeptide. The remaining portion is produced as the polypeptide
form not comprising the immunoglobulin transmembrane anchor or functional fragment
thereof. As described, the level of stop codon read through can be influenced by the choice
and number of the stop codon(s) and the regions adjacent to the stop codon, in particular the
35 nucleotide following the stop codon, as well as by the culture conditions used during step b).
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25  kacin, kanamycin, neomycin, netilmicin, streptomycin and tobramycin. However, as a low
read-through level is advantageous, selection is preferably performed in the absence of a

termination suppression agent.

The present invention is applicable to any type of host cell in which translational stop codon
30 read-through occurs at least to a small percentage or can be induced by the addition of a
termination suppression agent. Examples of suitable eukaryotic host cells are mammalian
hosts cells which include e.g. Chinese hamster ovary (CHO) cell lines, green monkey cell
lines (COS), mouse cells (for example NS/0), baby hamster kidney (BHK) cell lines and hu-
man cells and cell lines. Preferably, the host cell is a CHO cell line.
35
While one selection cycle is sufficient to identify good producing host cells, according to one
embodiment, two or more selection cycles are performed, wherein in each selection cycle at
least one eukaryotic host cell is selected based upon the presence or amount of the fusion
polypeptide displayed on the cell surface. The experimental results demonstrate that a sec-
40 ond selection cycle usually leads to improved results.
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selecti Qi%nap}olypeegﬁée ?n%% be labelled. The labelled detection compound that binds the fusion
polypeptide displayed on the cell surface thereby labels respectively stains the cell surface.
The higher the amount of fusion polypeptide that is expressed by the host cell, the more la-
belled detection compound is bound. This has the advantage that the selection of the host

30 cells can be easily performed as not only the presence but also the amount of the bound
detection compound can be determined due to the label. To select high producing host cells,
those host cells are selected from the population of host cell which are most effectively re-
spectively intensively labelled by the detection compound. A fluorescent label is preferred as
this allows easy detection by fluorescence detecting methods such as for example flow cy-

35 tometry. Suitable fluorescent labels are known to the skilled person.

According to one embodiment, one or more selection cycles, preferably two or three, may be
performed to select at least one eukaryotic host cell based on the degree of binding of the
detection compound to the cell surface. According to this embodiment, at least one eu-
40 karyotic host cell is selected in each selection cycle based upon the amount of bound detec-
tion compound. Thus, those host cells that were most effectively/intensively labelled are se-
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eukaryoamwahﬂsmﬂeeﬂMQﬁﬁéﬁa)on t he degree of binding of the detection
compmpound to the cell surface. According to this enbodi nent, at |east one

Zukar yofr#&gpe?eﬂ oﬁ&‘bﬂ)odlﬁleﬁte h6&L&fls EOmBASHY 5 RlgRGinhiht Byﬁ}s%n%%gpﬁ%r\uﬁ be
accorc? ngr;]y depict a high signal are sorted using fluorescence-activated cell sorting (FACS).
In the context of the present invention, FACS sorting is particularly advantageous, since it
allows rapid screening of large numbers of host cells to identify and enrich those cells which
25  express the polypeptide of interest with a high yield. As according to the preferred embodi-
ment approximately only 5% or less of the polypeptide are produced as a fusion polypeptide,
a higher fluorescence detected on the cell surface would correspond to a higher expression
also of the polypeptide of interest, which can be e.g. secreted into the culture medium. Those
cells, showing the highest fluorescence rate can be identified and isolated by FACS. A posi-
30 tive and statistically significant correlation between fluorescence, as determined by FACS
and the amount of produced polypeptide is found and confirmed by the examples. Therefore,
FACS sorting can be used not only for a qualitative analysis to identify cells expressing a
polypeptide of interest in general, but can actually be used quantitatively to identify those
host cells that express high levels of the polypeptide of interest. Therefore, high-producing
35 host cells can be selected/enriched based on the degree of binding of the labelled detection
compound to the fusion polypeptide, which is anchored to the cell surface. Thereby the best
producing cells can be selected/enriched. The experimental results show that using the se-
lection procedure according to the present invention in combination with FACS analysis led
to a significant reduction of non-producing clones in the selected cell populations. Further-
40 more, the highly increased average productivity of the clones allows the drastic reduction of
clone screening efforts e.g. in the cell line development process for biopharmaceutical pro-
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pounds. The affinity tag may thus also function as target for the detection compound in order
to allow the selection of suitable eukaryotic host cells. To use e.g. a well characterised affin-
ity tag as target for detection/selection is advantageous as existing and well characterised

30 detection compounds may be used for detection. Furthermore, the same detection com-
pound can be used for different kinds of polypeptides of interest to be expressed. The gen-
eration of detection compounds specific for the different polypeptide of interest would be ob-
solete according to this embodiment as the same detection compound specific for the affinity
tag could be used. As the affinity tag constitutes an integral part of the fusion polypeptide it is

35 also tightly anchored to the surface of the eukaryotic host cell due to the presence of the
transmembrane anchor. The tightly anchored fusion polypeptides should not be susceptible
to shedding (see above). '

Shedding of membrane bound fusion proteins may constitute — depending on the intended
40 use of the secreted polypeptide — a contamination problem even if shedding is a rare event
when using an immunoglobulin transmembrane anchor. E.g. when expressing therapeutic
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the selection of suitable eukaryotic host cells.. To use e.g. a well

characterised affin ity tag as target for detection/selection is
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- removing contaminations of shedded fusion polypeptide by affinity purification target-
ing the affinity tag and/or
- detecting the presence or absence of shedded fu3|on protein by targeting the affinity
tag.
30
Suitable examples for affinity tags are e.g. V5, a His Tag, FLAG, Strep, HA, c-Myc or the like.
Suitable affinity tags can also be artificially created.

According to a further embodiment, the cassette (Cas-POI) and/or (Cas-POI') comprises a
35 further polynucleotide (Pn-MARKER) encoding a selectable marker. Preferably, said select-
able marker is located downstream of the polynucleotide encoding the immunoglobulin
transmembrane anchor and is thus upon expression of the construct located on the cyto-
plasmatic site of the cell membrane when the fusion polypeptide is displayed. According to
one embodiment, no stop codon is located between the polynucleotide encoding the immu-
40 noglobulin transmembrane anchor/domain or a functional variant thereof and the polynucleo-
tide (Pn-MARKER), as they are supposed to be expressed as a fusion. Suitable stop codons
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25 A “vector nucleic acid” according to the present invention is a polynucleotide capable of
carrying at least one foreign nucleic acid fragment. A vector nucleic acid functions like a
"molecular carrier", delivering fragments of nucleic acids into a host cell. It may comprise at
least one expression cassette comprising regulatory sequences. Preferably, the vector
nucleic acid comprises at least one expression cassette. Foreign polynucleotides may be

30 inserted into the expression cassette(s) of the vector nucleic acid in order to be expressed
therefrom. The vector nucleic acid according to the present invention may be present in
circular or linearized form. The term “vector nucleic acid” also comprises artificial
chromosomes or similar respective polynucleotides allowing the transfer of foreign nucleic
acid fragments.

35
A respective vector can be used as expression vector in order to perform the screening and
production methods described above. The advantages of a respective vector nucleic acid are
also described above in conjunction with the screening method.

40  Said vector nucleic acid may further comprise at least



detecting the presence or absence of shedded fusion protein by targeting
the affinity tag. Suitable exanples for affinity tags are e.g. V5, a His
Tag, FLAGVOS0Droap296HA, c- Myc or the |ike. Suitable affiniPCy/HPage/oeané al so be
artificially created. According to a further enbodi nent, the cassette
(Cas-PA) and/or (Cas-PO') conprises_ agfurther polynucl eotide (Pn-MARKER)
encodi ng a selectable nmarker. Preferably, said select able marker is

| ocat ed downstream of the pol ynucl eoti de encodi ng the inmunogl obulin
transmenbrane anchor and i s thus upon expression of the construct |ocated
on g_he fyt 081 asgeist polyhiidtedlidet(PA-FCA) bndBRIMY tAe oNPestideltt irftereson pol ypept i de
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or a functional 9% PAHC" t her eof and the pol ynucl eo tide (Pn-MARKER), as

t hey are supposau exprebsior gassattee (ExpsMASM)ioowrisiBgi a aldnemasliampamplif@bisarse-
transcription tge@bRahAREr §ér1al s shoul d be provided downstream of the

codi ng sequence of the pol ynucl eotide (Pn-MARKER) to ensure efficient
transcription and translation term na tion after expression of the

pol ynucrg%tamssqlmmmkeﬁxp-%'\@ dsine the presgion gassetigramatisinggh manynaine 5
drug r emnsetutablgpackenigene.r eporter gene. Suitabl e exanpl es are descri bed
herein. According to one enbodi nent, green fluorescence protein (G-P) or
luci ferase is used as reparter, . This.allows the selecti,on of the eukaryotic
nodkY cel 1€ Basason sanes RnE hanasil ponRis Re e R EEbe o Ronli AJHREY one
enbodi nEalian amelifiable; selestableywarser 9ertd/ or (Cas-PO 1) is an expression
cassette. Persons skilled in the art will be capable of selecting suitable
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in the gededitdction. sdythopyrasaes upstrearh B andidownstrezgn (3). tCunvpntisally, DNAeRt i on
Uit abl SRS SARE mdf Vel aldb APRRASdAbencisSste i with 6 3oiremAeh
car yot | BN Fe oIS derin s rdisatet §ith AgoRs, \ghprﬁsbﬁhaeadf%&ﬁsrp%tw e 3 cast
one casdieeation( &egordingly, &olvpsireamiyindigatessaanetio gleseants pesitiened; towards the left
polamuchasd side, 4rfdrs’ R§dwnstream inticatdieggretiy prRpiantiepayitionet esvesrtis eedight hand i r st
pol ynuc%iggt\j‘,ﬁ@n kﬁ&lﬁ%gl? SW%&Q a polypeptide of interest, at |east one

e

st op codon downstream o I'rst pol ynucl eotide, and a second
pol ynucl eoti de downstream of the stop codon encodi ng an i munogl obul i n
t r ansneithe avangerpol anst oderftatinst Plothal expegsisiont casheliesofs. also an important aspect.

According to one embodiment, the expression cassette (Exp-MASM) is located &' and the

25  expression cassette (Exp-MSM) is located 3’ of the expression cassette (Exp-POIl). Further
expression cassettes may be inserted between the expression cassettes (Exp-POl) and
(Exp-MSM), such as e.g. an additional expression cassette (Exp-POI’) for expressing an ad-
ditional polypeptide of interest (described in further detail below). The expression cassettes
(Exp-MASM), (Exp-POl) and (Exp-MSM) are preferably all arranged in the same 5’ to 3’ ori-

30 entation. The inventors found, that this particular vector nucleic acid configuration allows the
fast generation of high yielding cell lines.

According to one alternative, the expression cassette (Exp-POl) does not comprise the
polynucleotide (Pn-POI) encoding the polypeptide of interest. Thus, an “empty” expression
35  vector with an expression cassette (Exp-POl) is provided which does not yet comprise the
polynucleotide (Pn-POI) encoding the polypeptide of interest. However, said polynucleotide
(Pn-POI) encoding the polypeptide of interest can be incorporated into the expression cas-
sette (Exp-POIl) by using appropriate cloning methods, for example by using restriction en-
zymes in order to insert the polynucleotide (Pn-POI) encoding the polypeptide of interest into
40 the expression cassette (Exp-POl). For this purpose the expression cassette (Exp-POIl) may
comprise e.g. a multiple cloning site (MCS) which can e.g. be used in all reading frames. A



A "vector nucleic acid" according to the present invention is a

pol ynucl eoti de capable of carrying at |east one foreign nucleic acid
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| east one expression cassette conprisjpg_regulatory sequences. Preferably,
the vector nucleic acid conprises at | east one expression cassette. Foreign
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and downstream (3'). Conventionally, DNA se guences, gene naps, vector

car ds apdeJiAg $EIMEBRBSdiRcRt, ThAVECtH Albidr: adif isScirclleP Bhl Hid ekeddicintasebttd he
5 to 3 dl_rsglél. on is i rcbdl gﬁt‘?ed W t h arronfé eF;cﬁlbjn ér}gesarrOMeadaeﬁpoh‘gt S
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this copyNeRlbRPsiod VecRF %@8&@(5@% A8 hroLdrit MBS Rty ddMeorREPAE284i8hal ex-
cassettes Is also an_| ma%t)e%n asgect . . . )
pression cassette (Exp-POI’) for expressing a polypeptide of interest. In the final vector nu-
cleic acid, said additional expression cassette (Exp-POI') comprises the additional polynu-
cleotide for expressing the additional polypeptide of interest. Depending on the polypeptides
25 to be expressed, said additional expression cassette (Exp-POI’) may or may not comprise a
polynucleotide encoding a membrane anchor (or a signal peptide for attaching a respective
anchor, such as a GPI anchor), which is separated from the polynucleotide encoding the
additional polypeptide of interest by a stop codon. Therefore, it is also possible that several
expression cassettes for expressing different polypeptides are arranged in the expression
30  vector according to the present invention. However, only the expression cassette (Exp-POI)
needs to have the leaky stop codon assembly and thus a stop codon downstream of the first
polynucleotide (Pn-POI) encoding the polypeptide of interest and a second polynucleotide
downstream of the stop codon encoding an immunoglobulin transmembrane anchor or a
functional variant thereof, the additional expression cassettes (Exp-POI’) may or may not
35 have a respective stop codon assembly.

A respective embodiment using at least two expression cassettes (Exp-POIl) and (Exp-POI’)
for expressing the polypeptides of interest is particularly advantageous, in case an immu-
noglobulin molecule or functional fragmént thereof is expressed. Accordingly, a vector nu-

40 cleic acid for expressing at least one immunoglobulin molecule or a functional fragment
thereof is provided, comprising
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pol ypeptide of interest (described in further detail below). The expression
cassettes (Exp-MASM), (Exp-PA) and (Exp-MSM are preferably all arranged
in the sane 5° to 3 orientation. The inventors found, that this particular
vector nucleic acid configuration allows the fast generation of high
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bi- or muiticistronic set up, wherein two or more polypeptides (POl and POI’) are obtained

from one mRNA which may comprise e.g. one or more internal ribosomal entry sites.

30 According to one embodiment, a vector nucleic acid for expressing at least one immu-
noglobulin molecule or a functional fragment thereof is provided, comprising

- an expression cassette (Exp-POIl) comprising a first polynucleotide encoding the
heavy chain of an immunoglobulin molecule or a functional fragment thereof, at
35 least one stop codon downstream of the first polynucleotide, and a second
polynucleotide downstream of the stop codon encoding an immunoglobulin
transmembrane anchor or a functional variant thereof; and

- an additional expression cassette (Exp-POI') comprising a polynucleotide encod-
40 ing the corresponding light chain of an immunoglobulin molecule or a functional
fragment thereof. -



(Exp-MSM is arranged 3' of the expression cassette (Exp-PO) and the
expression cassette (Exp-MASM is arranged 3' of the expression cassette

( Exp- MSMWORA®/@399l essi on vector according to the preseRCTIER@UODGA may
conprise an additional ex pression cassette (Exp-PO') for expressing a

pol ypeptide of interest. In the final yector nu cleic acid, said additional
expression cassette (Exp-PO') canprises the additional polynu cleotide for
expressing the additional polypeptide of interest. Depending on the
polypeptides to be expressed, said additional expression cassette

(Exp-PA ') may or may not conprise a polynucl eotide encodi ng a nenbrane

anchor Rk §b|§'ﬁh@3éx Fb‘éefoh%sé&fe 0] '&enﬁnééss%q{éaw cﬁQﬁ*H?fd bo?h"éklpn%%-

GPl anch or% B S pm the oI h tf
e ot el O S S RO Tl 6 Qgﬁ% b6 Satgca st Prererany) o
possi bl betgxaressoncgagpetiex e3P Ons @rasaed Esofftbe expfassioniaagseatier ExpdiRl). To

pol @epaﬂrm the @xpressiog edsdefte tfbvethe Xightahinos ty e @rpr@s'smf cHssetté of thedhepvesent

| nventi '[dpé%}égé Oﬂéﬁ’eﬁ%@fré‘dépaﬁg?%é)@x&%é%fr %j&ﬁﬁo Ioﬂﬁﬁ{jﬁ}q&upﬁve

t he Iea g ream o Lh

oy neahesFIRG 1§ BAE BEDPABHAb! Bl BeSIBRG Jo ABSidR T ebaatt vouRy Aush by
pol ynuctheatxptissidowassetietahalreadyheorsprige the dlomuaegloklilindransmembpranggnshat and
trans mmréﬂ@asﬁ%ﬁb%afrst@p EoduH (e domprisedii atshdfep @bqudrite) andli dptionaly, at

XA L0, 5 S LRt o o T B TROHU) (S fh%sfpﬁﬁénwgeﬁw&n odon

set
( Exp P aaaat(marm Of) t%r'm&&wpe@évlﬁg pelgcyiet y‘i?é‘ptth%nesb%f'”??ﬂe@r A |%
parti culsaricystatheairtta dfenerpressivrceesseties bymsing agpwptiatercloningstrategies in order

functi opadbidin ¥EBH ekhesa véctorexpr essed. Accordingly, a vector nucleic
acid for expressing at |east one immnoglobulin nmolecule or a functional

fragnent thereof is provided, conprisin an expression cassette (Exp-PQO)
conpy i sNﬁ@l'@'tmpr%@"w%syﬁuwpmalee S@%@@%r]@afki%gﬁ'é%ﬁ/\?ah?ﬁﬂ bR cemerissdgnthe hai n
of the expressigl cdsseite(ErptM8M) inchudeantibiotit resistdndergegee etg. codfering resistahemst
Bgfyﬁh gtb erden hQWrng OBr fhEﬁ tbmplerdiflyy BsilasRt fréd. LAO dredhs66§188 Inc.

am of n [ a
nogl obubfaﬁ s?’ﬁhos r QRETAAC r'fo? ?5'8&?@%1@ %ﬁ% 8@ Hgm Hf%elae%hng}g%%%;%c an

addi t i offaithaskeradd.onzeosts 637 Blg. Esgrorpescia) Ycﬁyﬁtﬁt?'%l ‘r'?@“ 5’ heamipasR S8R iRjego
encdi ngahfbepammyemp(cpladl proygintN-acetylerartsfezades aavgilatttaifmmoCloatech, Palo Alto

Lg?;g?gbgg b&bﬂ&'ﬂ{ | §vé?l%bl@ ffdhﬁ‘@fhbﬁﬁlﬁberf ré%ﬁlnfﬁgétlcm?(eﬁ@ﬁablér h’@mephplir8§§rh)0n
Che. | mSRECTOBEEI A SRarACBImYe SSTe AT e saetin 8 peliBlief RoRERREesn-| D
expr esspﬂﬁhng:éélgeﬂqnés (@ngphpeef hesicerile compeisadhg veptar- nThq Fﬁémeﬁﬁf‘%sﬂﬁ yhed
casset t Rerexijot BBy refeeitoate sodihg skd@hnice oh thierwikitypevgene bue alsayefers to a nucleic
25 acid sequence encoding a functional variant of the selectable marker providing the intended
resistance. Hence, also truncated or mutated versions of a wild type gene are encompassed
as long as they provide the intended resistance. The mammalian selectable marker gene
preferably comprises foreign regulatory elements such as e.g. a strong constitutive promoter.
According to a preferred embodiment, said expression cassette (Exp-MSM) comprises a
30 gene encoding an enzymatically functional neomycin phosphotransferase (I or Il) which pref-
erably comprises foreign regulatory elements such as e.g. a strong constitutive promoter
such as the SV40 promoter. This embodiment works well in combination with the use of a
gene encoding an enzymatically functional DHFR as a mammalian amplifiable selectable
marker gene.
35
Mammalian, amplifiable selectable marker genes incorporated in the expression cassette
(Exp-MASM) allow selection of vector-containing host cells as well gene amplification. A non-
limiting example for a mammalian amplifiable, selectable marker gene is the dihydrofolate
reductase (DHFR) gene encoding the DHFR enzyme. The mammalian, amplifiable select-
40 able marker gene preferably comprises foreign regulatory elements such as e.g. a strong
constitutive promoter; Other systems currently in use are among others the glutamine syn-
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25 those that are regulated by induction or derepression. Promoters used for high-level produc-
tion of proteins in mammalian cells should be strong and preferably active in a wide range of
cell types. Strong constitutive promoters which drive expression in many cell types include
but are not limited to the adenovirus major late promoter, the human cytomegalovirus imme-
diate early promoter, the SV40 and Rous Sarcoma virus promoter, and the murine 3-

30 phosphoglycerate kinase promoter, EF1a. Good results are achieved with the expression
vector of the present invention when the promoter and/or enhancer is either obtained from
CMV and/or SV40.

According to one embodiment, the expression cassette(s) for expressing the polypeptide(s)
35 of interest comprise(s) a stronger promoter and/or enhancer than the expression cassettes

for expressing the selectable markers. This arrangement has the effect that more transcript

for the polypeptide of interest is generated than for the selection markers. It is advantageous

that the production of the polypeptide of interest which is secreted is dominant over the pro-

duction of the selection markers, since the individual cell capacity for producing heterologous
40 proteins is not unlimited and should thus be focused to the polypeptide of interest.
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appropri crlpeilon unit may inhibit the function of the downstream promoter, a phenomenon known as
promoter occlusion or transcriptional interference. This event has been described in both
prokaryotes and eukaryotes. The proper placement of transcriptional termination signals be-
tween two transcription units can prevent promoter occlusion. Transcription termination sites

30 are well characterized and their incorporation in expression vectors has been shown to have

multiple beneficial effects on gene expression.

The expression cassettes may comprise an enhancer (see above) and/or an intron. Accord-
ing to one embodiment, the expression cassette(s) for expressing the polypeptide of interest
35 comprise an intron. Most genes from higher eukaryotes contain introns which are removed
during RNA processing. Genomic constructs are expressed more efficiently in transgenic
systems than identical constructs lacking introns. Usually, introns are placed at the 5’ end of
the open reading frame. Accordingly, an intron may be comprised in the expression cas-
sette(s) for expressing the polypeptide(s) of interest in order to increase the expression rate.
40  Said intron may be located between the promoter and or promoter/enhancer element(s) and
the 5' end of the open reading frame of the polypeptide to be expressed. Hence, a vector
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25  between the expression cassettes (Exp-MSM) and (Exp-MASM). Said selectable marker
may provide a resistance to antibiotics such as e.g. ampicillin, kanamycin, tetracycline and/or
chloramphenicol. Said expression cassette (Exp-PSM) is preferably arranged in the same 5’
to 3’ orientation as the other expression cassettes (Exp-POl), (Exp-MSM) and (Exp-MASM).

30 According to one embodiment, the expression cassette (Exp-POl) and/or (Exp-POI’) com-
prised in the vector further comprise(s)

- apolynucleotide (Pn-TAG) encoding an affinity tag located downstream of the at least
one stop codon which is located downstream of the first polynucleotide and wherein
35 said polynucleotide (Pn-TAG) is located upstream of the second polynucleotide en-
coding an immunoglobulin transmembrane anchor and/or
- a polynucleotide (Pn-MARKER) encoding a selectable marker.

The advantages are outlined above.
40
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site. In case said linearization resfriction site is present more than once in the vector nucleic
acid sequence (including the polynucleotides encoding the polypeptide of interest), or in case
a restriction enzyme is used which cuts several times in the vector nucleic acid sequence, it
is also within the scope of the present invention to e.g. alter/mutate the restriction sites be-
30 sides the linearization restriction site which is located between the expression cassettes
(Exp-MSM) and (Exp-MASM), in order to eliminate those additional restriction sites and to

obtain a unique or at least rare linearization restriction site.

In case the vector is used as a standard expression vector intended e.g. as a tool for the
35 expression of several different polypeptides, it is advantageous to provide a linearization re-
striction site comprising multiple recognition sites for enzymes having a low cutting fre-
quency. The restriction enzymes chosen for linearization should preferably not cut within the
expression cassettes for the selectable markers or other vector backbone sequences in or-
der to ensure that the enzyme cuts only once for proper linearization of the vector. By provid-
40 ing a linearization restriction site comprising multiple recognition sites for restriction enzymes
having a low cutting frequency, the user may chose a suitable restriction enzyme for lineari-
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30 like. Said polypeptide may be selected from the group consisting of peptide hormones, inter-
leukins, tissue plasminogen activators, cytokines, immunoglobulins, in particular antibodies
or antibody fragments or variants thereof.

ate of

As used herein, an "immunoglobulin molecule” as an example for a polypeptide of interest
35 refers to a protein comprising one or more polypeptides substantially or partially encoded by

immunoglobulin genes or fragments of immunoglobulin genes, e. g., a fragment containing

one or more complementarity determining region (CDR). The recognized immunoglobulin

genes include the kappa, lambda, alpha, gamma, delta, epsilon and mu constant region

genes, as well as myriad immunoglobulin variable region genes. Light chains are typically
40 classified e. g. as either kappa or lambda.
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sites antlbo%y fragments either produced by the modification of whole antibodies or synthesized
de novo using recombinant DNA methodologies. Antibodies also include single-armed com-
posite monoclonal antibodies, single chain antibodies, including single chain Fv(scFv) anti-
bodies in which a variable heavy and a variable light chain are joined together (directly or
30 through a peptide linker) to form a continuous polypeptide, as well as diabodies, tribodies,
and tetrabodies (see e.g. Pack et al. J Mol Biol. 1995 Feb 10;246(1):28-34; Pack et al. Bio-
technology (N Y). 1993 Nov;11(11):1271-7; Pack & Plueckthun Biochemistry. 1992 Feb
18;31(6):1579-84). The antibodies are e. g., polyclonal, monoclonal, chimeric, humanized,
single chain, Fab fragments, single chain Fab (Hust et al., BMC Biotechnol (2007) 7:14),
35 fragments produced by a Fab expression library, or the like.

Polypeptides produced in accordance with the invention may be recovered by methods
known in the art. For example, the polypeptide may be recovered from the nutrient medium
by conventional procedures including, but not limited to, centrifugation, filtration, uitra-
40 filtration, extraction or precipitation. Purification may be performed by a variety of procedures
known in the art including, but not limited to, chromatography (e. g. ion exchange, affinity,
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30 sette (Cas-POIl) may be introduced e.g. by the vector nucleic acid according to the present
invention. Preferably, the cassette (Cas-POIl) and/or the cassette (Cas-POl’) is an expression

cassette.

Further features of the cassette (Cas-POIl) and details of suitable vectors are described

35 above and also apply to the host cell of the present invention. Suitable eukaryotic host cells
are described above. Preferably, the eukaryotic host cell is a mammalian host cell. According
to one embodiment the eukaryotic host cell is not a B-cell or a B-cell derivative. Accordingly,
the eukaryotic, preferably mammalian host cell is a host cell which does not naturally express
the Ig alpha and Ig beta receptor chains. Furthermore, according to one embodiment, no

40 artificial co-expression of the Ig alpha and Ig beta receptor chain occurs in said host cell.
CHO cells are preferred host cells.
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defined above and in the cIalms Said polypeptidg is prer:gérab?y an immunoglobulin molecule

or a fragment thereof. Polypeptides produced according to the methods of the present inven-
tion depict good stability properties. The results also show that the polypeptides are ex-
pressed in a functional form and hence in the right conformation. Accordingly, the invention
30 also provides polypeptides obtained by the production method according to the present in-
vention using the expression vector described in detail above. As is outlined above, polypep-
tides are obtained with a good yield due to the incorporated selection/screening step. The
polypeptide is preferably an immunoglobulin molecule such as an antibody or a fragment

thereof.
35 ,
The invention is further illustrated by the following non-limiting examples, which however,
describe preferred embodiments of the invention.
Examples
40

Example 1: Vector construction of the Ig transmembrane version



l'i ght chain, human |ight chain, humani zed |ight chain, human heavy chain
and/ or nmurine heavy chain as well as active fragnents or derivatives

t her eof . Wenew/02ke61can be e.g. mnurine, hunmane, chi neri c PCI/ERQINMODR2eE. Wil e
various antibody fragnents are defined in terns of the digestion of an

I ntact anti body, one of skill wll app§@0|ate that such Fabl or F(ab)2 frag
ments nmay be synthesized de novo either chemcally or by utilizing

reconbi nant DNA net hodol ogy, peptide display, or the |like. Thus, the term
anti body, as used herein, also includes antibody fragnments either pr oduced
by the nodification of whole antibodies or synthesized de novo using

reconbi R%&Bth@h@ﬁ?ﬁ %?q%hggﬂagﬁtentb‘@hpmging?rt d* &R fg@g' iR tath RPL\Z’}/ A4t ?ﬁ“

te |
Chai n* FOLS 7, PRk 61O 08 ier ANICHS 46 JaPHABBIATS A RPIETs o glﬂ"epglg'inght
chai n asatgdointe @BVG2PAt daesta(Idlarde@toltqr Qqntalhngmghl@bepavydehaim r@adrRappe lfight m a
?ggtes gué}\bﬁ n)RGd KEEPhhdIRsC d/é?étin 5 aiedtddie 11 Wh@%bl@&tldeas'%bﬁéé afopdi® SBI o
t echnol gan "?ﬁ%ﬁ he ?b@? Rﬁwﬁn %gg)lﬁg\l&ﬁack %%EY gk‘:?5 y %@ﬁg e'ﬁni"st ry
1992 Feﬁaq?;@ @ﬁc‘{%?e 31?9793'@4'}3 ofrihe enceredig k@nsaw“%rang °'Tl?6] 9%’? ﬁé#sed ac-
nonocl ooatingdd theeprirejplériofethe pessensinngtonottacmproiiale the agme membranagheharhai n
Fab (Hugh fédctih- Sa@k/&.ﬁltesecmlo @&m%e éné&&ed 1§ 'ir%%‘?ﬁ@h%ra?n@%‘r’r%ﬁjamcé’n Fab

EX r ESSI aon

oduced th
F rves PoatiRrtiny teorgVaiedi® AetRuBe R oh TaiE PidlereBfict R Rt
t he pol §¥epOPie hamplogy. Pelypydectides entoding mpwtemvaﬁemsUwaemm it al
pr ocedusteswr segjuedtengndddstringent donditibesl t o, centrifugation, filtration,
ultrafiltration, extraction or preci pi tati on. Purifi cation may be perforrred

b d k but
Shr omat ége%;?ﬂﬁs&a&'oﬁéﬁ%eﬂﬁa“%gé ﬁﬁiﬁ o0 S reblocdifhy o ghbelie; g
andSsi z ggraﬁr)t enspding ﬁd@%’rwntmﬁam aj and Ballh Ahereby gener-

| soel ecatingcpNTZUSAdEBW 488 .fTher BHE R ahutsmat| alibwé Itheyse(l@:tlog of diafrreeli Inessul f at e
preci pi tation) or extraction. Furthernore, the pol ypepti de can be obt ai ned

fromth cel ; | . di u I on. vi de
br oduci e BRbscrasiorn GVEFT pafiad) B baselortlog Sl Lsclaisor aieny cxps- o
assenbl $ing (RBWRE4LsRBWAES)c abldé1and pBY20P@Erg d'ffsr'eﬂ &pauPh T 2thaes pPYLYBJR the
casset t PHFRgeiddlibh madrkéracagsetecthey asicdmyintaiApaaifbne tias tHel leackbonesi sve sdemtif i r St
POl ynuCLAOTHAGe R EL Indriacaslidit ihifudh! gh&'goh&.ng Hefib 63 lighR nk #3y O
stop co downst.ream o g} tf| rst l% gei/ iﬁ{? %
pol ynucF 'E PHRICHIAR SEYSELRT GOt Adven @b RIRTGIriegnancer e Ay rssticen
t r ansmeh@ imaenaialedhe AGS vegtersi mthweser&ﬂ@ of g laGidtanstembyarieuandgeyto-
conpri splag@raddmhaing’ eithe€splinelyineavy assie(iHe) CENA- NShbrt stuffer with adeakyrteamgal | an
selfct aplign WHhiRition signal is placed between HC and transmembrane domain. The sequence
environment selected for the stop codon is expected to lead to a read-through of up to 5%.
Ali four vectors are coding for the same human IgG antibody.

As is outlined above, the vector nucleic acids used for expression and in particular the orien-

30 tation and arrangement of the vector elements chosen allow the very efficient expression of
immunoglobulin molecules. Suitable vectors that can be used in conjunction with the present
invention and which are described above are illustrated in the following table (the arrows
indicate the 5’ to 3’ orientation of the genetic elements):

35 Table 1: Vector map
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one enbodimEH%l—ﬁﬂ—artfffcfa%—CG—expre

; = ssion of the Ig alpha and Ig beta
receptor chiap¥theelyhs in said host cel

|. CHO cells are preferred host
cells. Al so |paapi-ded is a nethod for prjoduci ng a eukaryotic host cel

a
ﬁ

BA

bove.
mamral i an h A
is not a B-
preferably

as

descri bed abeysyordhifneaR -t he eukaryotijc host cell is transfected with the
vector nucl ' resent invention and/or a

het er ol ogou i cassette (Cas-PA) according to the
present invePY4@pA —SThere are several dppropriate nethods known in the prior

art for intro ducing an expression vector into a mammal i an host cell.

Fespect 'Tt{g aBEFeO.i%ﬂéné {;ﬁgb‘@e[ sze fﬁ%eregfﬂgr J‘nieg‘lkihggsta%ggf’én? ifdfrfﬁg EQ%BH%# kil in
ransfection, electroporation, |1 pofection Diol1sStic- and poly
ner - nedf@t%’ﬂa%?ﬁe%eﬁcf'g%?%?".e- aRd havssinmagisular diedollowRa M1aNM98yr at i on based

nmet hods al so reconbi nati on nedi at ed approaches can be used to transfer the

casset t eMVpRdmRah)= hutish EAEMBEAbViIERiMn@aRATBarlyPreMotet@ARBMdEat | on net hods

may | nchkglﬁtrgﬁ E gofmgrlsteg the fritlo '&onro?%gﬁ&' 0@°6fthe CcMV promoter and the acceptor
splice site of the mouse IgG Heavy chain variable region (see e.g. Eaton et al.,
1986, Biochemistry 25, 8343-8347, Neuberger et al,, 1983, EMBO J. 2(8),
1373-1378; it can be obtained from the pRK-5 vector (BD PharMingen))

mAB-LC = monoclonal antibody light chain

mAB-HC = monoclonal antibody heavy chain

SV40polyA = SV40 polyA site

SV40prom/enhan = SV40 promotor/enhancer

Neo = neomycin phosphotransferase

Synth polyA = synthetic polyadenylation site

Amp = beta lactamase antibiotic resistance gene

DHFR = dihydrofolate reductase gene.
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Example 2: Transfection and selection of CHO-cells

20
Cell cultivation, transfection and screening is carried out in shake flasks using suspension
growing CHO cells in a proprietary, chemically defined culture medium. Cells are either
transfected by lipofection or electroporation (nucleofection) following the manufacturer's in-



like Cre, FIp or FC31 (see e.g. Qunmard et al, Cytotechnol ogy (2006) 50: 93
- 108) which can nediate directed insertion of transgenes. Alternatively,

t he nmechaWP2010R22%dnol 0 gous reconbi nati on m ght be use@CTEPRMSH9G24¢ he
cassette (Cas-PO) (reviewed in Sorrell et al, Biotechnol ogy Advances 23
(2005) 431 - 469). Reconbination basedsgene insertion allows to mnimze
the nunber of elenents to be included In the heterol ogous nucleic acid that
is transferred/introduced to the host cell. For exanple, an insertion |ocus
m ght be used that al ready provides pronoter and pol y-A site (exogenous or
endogensetsgtionsiClratisiedtioardfficiérivy is emeoked by trehsfeetirigsa GFFRYgregen fluvuescente pe- of
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present sertecttdmestem Redpplied by passaghigng icel oSG 18 fless MITXR [rhetheiexae)séaniaiviagt or

accor di ngges rrpg&,%,@@ﬁ of tAY %§ﬁ§ %matﬁ ‘Wf)k t?c?H tcgmllé’uotﬁ% oﬁ?rme% AN X

D cattAings edHTs HBILERGS R %ecerfreae F Rt oar ot 5 v flstion

accor di nigning andecreesignt i nventi on as defi ned above and in the clains. Said
pol ypeptide is preferably an i munogl obul i n nDIecuIe or a fragment thereof.

pol i’cPepb'eﬁSFabﬁ f?rfbﬁr%wﬁ?g%rrﬂ E‘iﬂar&&’ﬁ% g & 5&9@(}@{ o %teleiﬂﬂé{ﬁrp cblen

depi ct ? proper I'es resu
pol ypep §es are ex pressed in a functional form and hence in the right
conformation. Accordingly, the invention also provides polypeptides

obt ai negxhmpld1$: PACS Unhiyeis, BRFBRMeAE 8AA didHing of E&Is Present in vention using
the expression vector déscribed in detail above. As is outlined above,

11i{)ep tides are obtained wwth a good yield due to the incorporated
seI ti bﬁ?%!'@gé’éﬁ?'ﬁg 25105y Cel*ﬁé’%&f??%@ﬁ?i’ @eoljate spayrifyogd [ apd AyashedwiB  Bbwfi n
nol ecul ehifertt RB&s(phosphate boifred salind)rangnrestspended of 1 rmMhef coldePBS.oA suiable

; g;g P?Lgrn'ohHﬁéfr ﬁﬁ'@d(flt?b!rets&ﬁn ﬁéatrhrewanstery%érémﬁtr RS SMMHIRY &S adddy mhecwnyer

ctor
const r ugPe iinebais S 8 1ol 30 riipties i el SR oS RouriRl Pelf e Yo oo
f r agnenfocshteseraigtupawith §fmk KBS, gesuspendadint! mé érlféatﬁd PBY .dtﬁeepﬁ?smt%
| eaky sFAQScabeforahallysierscatirdy ariteclomjng.r ansrrenbrane and cytoplasm c domain is
in serted into pBW201 (a standard vector containing an 1g3@ heavy chain and
kappa |ight chain) via Agel and Ascl generating pNT1l 1 (see table 1). The
nucl eot Adelysiegscetirgeamd clbhieg lof) celisaThaweth samieg doperfarmed edthi & FARSANai(Be@a® | D

No: 1, U‘rﬂtrdssﬁ}(é{qlﬁéﬁ% wslan Aﬁh&%@é Ceft DepdbitismiUnft-(ABDUSREFABBBN AVl ant s
of t he e%?eo%%w goweregsaqrgggg)rlea 8&% glaf\éalgsg C%ﬁg nftd Sapphire ™ solide state)
25 tuned to 488 nm is used to excite fluorescein dyes bound to the secondary antibody. The
relative FITC fluorescence intensity is measured on E detector through a 530/30 BP filter.
Five percents of the highest FITC fluorescent cells are gated and sorted either in block or as
single cells in 96 well plates.

30 Example 4: Determination of clonal productivity and stability

Productivity of clones is analyzed in batch and fed batch experiments using different formats.
Initial clone screening is performed in 24-well plate batch assays by seeding cells to shaken
24-well plates. Antibody concentrations in the cell culture supernatant are determined by
35 protein-A HPLC 10d after starting the culture. The highest producing clones are also ana-
lyzed in shake flask models in batch and fed batch mode. Batch cultures are seeded in
shake flask 500 with 100 mL working volume and are cultivated in a shaker cabinet (not hu-
midified) at 150 rpm and 10% CO2. Viability of cells should be >90% when starting the as-
say. The seeding cell density is 2x10° ¢/mL. Product concentration/ cell number / viability
40 determination took place at day 3-7, 10 and 13. Fed batch experiments are done using the



cording to the principles of the present invention which provide the sane
menbr ane anchor ing function. Said variants are honol ogue to the encoded Ig
t ransnenbWVanr810dBailn and can e.g. be obtai ned by conser PETIEP200AMGd6 aci d
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Pol ynucl eoti des encoding respective vaggants e.g. hybridize to the shown

sequence under stringent conditions. e w DHFR sel ection marker gene of
pNT1 1 and pBW20l1 can be replaced by a synthetic 1252 bp fragment encodi ng
a L23P point nutant of DHFR via Swal and Bglll, thereby gener ating pNT29
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expres féfeg% l@@%ﬁ&ljw%tg Sﬁgfﬁmﬁggqgi%g% é\%égrég?éfr?) grcﬁqt“q?%gfﬁqq%t 29 andy
oBw7e FHEvieMeapYeTEnts Sing, hasPRk 4ok LBIAN BOYH| 8V WO WeeRS g Apart from

that the backbones are identi cal. The vector has a npno-cistronic "tandenf

set up aHENamPRE St AvvalPsis ioh GaAnsieéntlyitramsfedtea\cglishai n expr essi on cassettes,
both driven by the CW pronoter/enhancer. The only nodifica tion to
generate the FACS vectors was the insertion of an 1gd transnenbyane and
cyto pl A8AeR istharmambrgne ound fiangiatyn H@&V?Saﬁ%ipFFS%Pt?” WT%“@’&S&“”

st uf f er transfectian| vétikihetnesnBAGSi ventor énere N T 1dnorgiNi28), transfEntly dransfetiad axeli$iC
and tr agsEilze8 Syd@Rindstaiigy SRANGHE oﬁié}fg.rm tefkrelidt cBl afehRaifié®p
codgy '%itﬁ”épﬁ?bﬁgbé@d Eﬁﬁ%d@i%F{ega%;?ﬁ ERQ& n 946 Bell iy Oé’fedggd th?‘érefﬁ%&ﬁ”s
are coding for the Sane hunan %% ant | bo g IS outlLne aB’ove, e
vect or RIFEPIAN Yesler g YRed st 3 frapsipetiansganto HZF?’?PS&H“PP@mCéﬁ”CYFFeC%‘F‘{'%tﬁf’é‘?i on
and ar r begboutrB0%f Un-trensfected icelid amknells teanstastedalitto thet standezd yeedf (rot eom-
expr esspdin®h tfde%ﬁ{tﬂré}@Jbérﬂai HE ¢t SBow SignifRBMEeVES bPESridaadssea@Btedearnts ed
in conjunetign rese | I i r cri oye are
1 st 2o e 16 % o o b PansrEq WiRdpe FACY yEPoPiafe PR dffediRK

or i%nt agioAd dgvel. Haistons thatdhe fysipnspeptidghesre an aptibedy malgcyriranchoredriatie
vect or " c&iMdpmbrdnendaarbeRi€teatéd omHeeceadilsorfese.at i ons in table 1 have the

regul ar nmeani ng as apparent for the person of skill in the art and as

descri bgd_above, »and .have in. particul ar the fol | ow meani ngs: CM/prom enh
= hurranEéwgf?ega‘?%%}ﬁ'ﬁsa":arﬁ%'&?'meé“é)gfﬁpl?)Prgﬂﬁggkﬁ&g%ﬂ%ncer RK-intron =

conprises the intron donor splice site of the CW pronoter and the acceptor
splaace Blaviagahowhepreserse dfgteiibeang odwumidnantibpdybhdransgginty tlassfectedgeellEdben et

al ., 198Gfads SORETIoH Vel Zahd ASHiButtAtif sdNURE PSS oflirafbfected XRs iEMBR/sbd.
2(8), Thereby, it can be shown that producing cells can be selectively enriched by FACS sorting.
Therefore, cells after transfection are selected with G418 and subsequently with MTX. The
resulting pools of resistant cells are stained with FITC labelled anti-IgG antibody and ana-
25 lyzed by flow-cytometry. As a control, un-transfected cells are stained and analyzed. Sub-
populations of positive cells are detected in the selected pools transfected with the FACS
vector. The distribution of positive cells thereby differed between the two analyzed pools. To
assess whether high producing cells can be enriched based on their fluorescence signal (and -
hence allow a quantitative selection), cells having the highest fluorescence intensity are
30 sorted (top 5 %) from each of the two pools and sub-cultured to compare the productivity with
the pool before enrichment.

Example 7: Aﬁalysis of productivity of enriched and non enriched cells

35  Productivity analyses of the selected pools before and after flow-cytometry enrichment are
done in shake flask batch cultures to compare the end-product concentration at day 13. At
day 13 the supernatant is harvested and analyzed for IgG content by Protein-A-HPLC. Both
pools show a significant increase of production level already after performing one FACS en-
richment cycle according to the teachings of the present invention. While product concentra-

40 tion for pool 1 increases by a factor of approximately 2, pool 2 increases by a factor of almost
10 showing that high producing cells are selectively detected during staining and sorting.
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The flow-cytrometry derived clones have a higher average productivity compared to the lim-
ing dilution derived clones, which is also reflected in the clonal distribution of the productivity

range.

Example 9: Comparison of FACS and standard vector

To confirm the beneficial effect of flow-cytometry enrichment of transfected cells and to com-
pare use of the FACS vector (pNT29) with a standard vector, cells are transfected and se-
lected with G418 and MTX. Three cell pools transfected with the FACS vector (samples 1, 2
and 3) and three cell pools transfected with the standard vector (samples 7,9 and 9) are ana-
lyzed by flow cytrometry and the 5 % having the highest staining signal are sorted. Shake
flask batch cultures are done to compare the increase of product concentration after enrich-
ment. Transfected and selected pools are stained and sorted by flow-cytrometry to enrich the
top 5 % based on the fluorescence intensity. Before and after enrichment, shake flask batch
cultures are done and after 13 days supernatants are analyzed by Protein-A-HPLC. The re-
sults are as follows (approximately):

Table 3: Results obtained with the FACS vector

Sample

tration

Product concen-

Sample

Product
centration

con-

Sample

Product
centration

con-

Sample

1; | 10mgil

Sample

2,

40mg/ml

Sample 3;

15mg/ml
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As is demonstrated by the results, the production level of FACS vector transfected cells in-
creases significantly for the tested three pools, while in case of the standard vector only one
pool showed a significant increase in product concentration. The average of product concen-
trations after enrichment with the FACS vector is significantly higher as with the standard
vector. Two further sequential FACS enrichment cycles are done to enrich high producing
cells showing that only in case of the FACS vector productivity of the cell populations is in-
creased. Finally, product concentrations can be increased by 4- to 30-fold.

For comparison of the suitability of both vectors for selective cloning, clones from non-
enriched pools with comparable productivity are selectively sorted by flow-cytometry. Subse-
quently, productivity of the clones is analyzed in 24-well batch cultures. Clones derived from
FACS vector transfected pools are found to have a higher average expression level as
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c) FACS analysis, enrichment and cloning of cells

This is done as described in example 3.

d) Determination of antibody production and clonal stability

BSIPEPIE Znsfect ed with the FACS vector (sanples 1,

The productivity of clones and pools is analyzed in batch and fed batch experiments using
different formats. Pools before and after FACS enrichment are analyzed in shake flask batch
assays by seeding 1x10° cells per mL (c/mL) in 50 mL working volume using shake flasks
with 250 mL capacity. IgG content is analyzed by Protein-A HPLC from samples taken at day
13 of the batch cuiture. Initial screening of clones is performed in 24-well plate batch assays
by seeding cells into shaken 24-well plates. Antibody concentrations in the cell culture su-
pernatant are determined by quantitative Protein A-HPLC 10 days after starting the culture.
The highest producing clones are analyzed in shake flask models in batch and fed batch
mode. Batch cultures are seeded into shake flasks (500 mL capacity) with 100 mL working
volume and are cultivated in a shaker cabinet (not humidified) at 150 rpm, 36.5 °C and 10%
CO,. Viability of cells is >90% when starting the assay. The seeding cell density is 2;(105



and 3) and three cell pools transfected with the standard vector (sanples
7,9 and 9) are analyzed by flow cytronetry and the 5 % havi ng the hi ghest
st ai ni ng WP@AHV022%6¢ sort ed. Shake flask batch cul tures REEERIHE/00@4€onpar e
t he i ncrease of product concentration after enrich nment. Transfected and
sel ected pools are stained and sorted_Ry _flowcytronetry to enrich the top
5 % based on the fluorescence intensity. Before and after enrichnent, shake
flask batch cultures are done and after 13 days supernatants are anal yzed
by Protein-A-HPLC. The resuits are as follows (approximtely): Table 3:
Resul t sc/odit. ainmctiw\édricenm:oﬁAC&IN&mmEaBIvmbmiy Aesddtéraindnt en deys 3v7t M0 bhe
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hi gher standard vector. Two further sequential FACS enrichnent
cycles are’done to enrich high producing cells showing that only in case of
the FACS vector productivity of the cell populations is in creased.

Fi nal | ye) Analysist anchenrichment afrstabletransféqted ¢aled by 4- to 30-fold. For
conpari son of the suitability of both vectors for selective cloning, clones
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expressfanmdwethttbeEA@)Smmror construction The vectors pBW201l , pNT1l 1,
pBWI78 and pNT29 are obtained as described in exanple 1. b) Transfection,

sel ect | e s% t%tqpélpgro%rtfcngﬁ_?eﬁse lallr? Pl%n?cﬂedf lgas%‘ﬁlo%s %‘??Iﬁg)#elgggncens gﬁﬁr@llg 2.

c) FACS ana ¥SI S cri bed

in exanppung! h%lb“gmtéﬁuﬁfﬁﬁ?”%'”tﬂﬂs%ﬁi%wddﬁ%ﬁc/?)i foem dhey indivigual celt BeRIS i ty
The2 @r odod sub-ctjured t@ tampareahe ppaxicvityswitintoeypoet beforedbanridinmeemtl A eecdrat okl

exper i mgRtst eHitHfent is performed after expansion and pooling of the one times sorted cell popu-

lations. The percentage of staining positive cells surprisingly increased most with the stan-

dard vector in the first enrichment cycle. FACS-vector transfected pools showed similar en-

richment factors with the used staining protocol and generally, significant pool to pool varia-

25 tion was observed. After the second enrichment cycle, almost homogeneously FACS positive
cell populations are obtained (see Table 6a and 6b).

Table 6a and 6b: Average staining results and productivities before and after sorting

30 Table 6a: FACS analysis of stained cells before and after FACS enrichment cycles

BW47 fi t NT29 (FACS vector
% cells above back- ;:\j - 8 (reference vector) Nop ( Vi )
ini 1x FA 2x FACS
ground FITC staining EACS 1x FACS | 2x FACS EACS x FACS | 2x
AVG 59 83,2 90,4 14,2 46,6 90,5
STDD 3,396403 | 15,80158 | 1,126795 | 8,974284 | 13,51148 | 1,422439
Table 6a: Transfected and selected cell pools were stained for surface IgG. Average per-

centage of cells stained above the level of untransfected cells is shown. Before
enrichment a higher percentage of positive cells is found with the FACS vector.




different formats. Pools before and after FACS enrichnment are anal yzed in
shake flask batch assays by seeding 1x1 05 cells per m. (c/nm) in 50 nm.
wor ki ng WiP2AW/A38%%hg shake flasks with 250 m . capacityPCrEB2¢8M40@d¢ i s
anal yzed by Protein-A HPLC from sanpl es taken at day 13 of the batch
culture. Initial screening of clones iggperformed in 24-well plate batch
assays by seeding cells into shaken 24-wel|l plates. Antibody concentrations
in the cell culture supernatant are determ ned by quantitative Protein
A-HPLC 10 days after starting the culture. The highest producing clones are
anal yzed i n shalkfief thagkstrendiehraentrcyotst affthatap &6 thaipedpontictheof Haihinly positivelr es
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seedi ng cel | deA¥G fverageand FHEDiStapdard deyatiacent r ati ons, cel |l nunber and
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done usi t It i ] i Y/ |
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Therefore, cells after transfection are selected with (418 and subsequently

ith MI ) i i | .
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bot h, pBWI78 andephf 28 productvitycineboth etdsep obitar. thasseeand endehmenthpgheTACS

proportion of Foéstompsistdcread sl godls shohedddivbhdl indieaderikprotetiafy. To show
t hat high producing cells can be enriched based on their fluorescence

signal, cells having the highest fluorescence intensity are sorted (top 5
I af 9’ d /1,
o) r onfhAralysigiof paedictivity| of shkicbed agdnan.enrcheds#!lso conpare the
praductivity with the pool before enrichnment. A second cy cle of enrichment
: st per f Pfdr;l’@?)@ti\mfytﬁfalﬁ]%péﬂﬂh]'ce%lm pe@ﬂslUeﬂorefarfdhﬁijarmeme@;oF@hﬁ@hrﬁ&hIaraogu
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Afted t ReadhRRBvitNAll SPPrBBhasYarideagath,Refe B BUBSBARD Walixtidn/bswBes indivéudtel |
popul at b8£|§ (s%ree'l'a%l?é éﬂ))ngqrpgry?\%ly-rﬁ@ &og&tﬁWonm standard vector transfected pools is
not higher compared to the FACS vector transfected ones although a much higher level of
FACS staining positive cells was seen before. By sorting a second time from the pooled
sorted cell populations, no further improvement of productivity is achieved with the standard
25  vector. In contrast, a lower productivity is obtained although the FACS-staining result sug-
gested that almost 100% of the cells should be producing antibody (see Table 6a). Productiv-
ity of FACS-vector transfected pools could be significantly improved by sorting a second
time. The used FACS procedure leads to more selective enrichment of high producing cells
with a productivity increase of about at least 8-fold compared to unsorted population and at
30 least 2-fold compared to the pools after one sorting.

g) Flow-cytrometry based selective cloning of high producing cells

Flow-cytrometry can be used to sort and seed individual stained cells according to their stain-
35 ing profile. To analyze whether such selective cloning results in higher number of high pro-



Tabl e 6a and 6b: Average staining results and productivities before and
after sorting Table 6a: FACS anal ysis of stained cells before and after
FACS enriworeny022s6tl es Tabl e 6a: Transfected and sel ect @BETEPRIVPOEGHES wer e
stained for surface IgG Average per centage of cells stained above the

| evel of untransfected cells is shown, ,Before enrichnment a higher
percentage of positive cells is found W th the FACS vector.After the first
enrichment cycle of the top 5 % the proportion of staining positive cells
was highest with the standard vector. After the second enrichnent cycle,
gr eat er diidieg clbeSowhenalding td FAGSH&cRsrsédnpaeedvtd fhed staRdadpvedtsrhenes are
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accor di ing withoUhgrierersichmsntig achieved with the reference vector at an average clone produc-

25 tivity of 40 mg/L. The LP clone was not identified again. In case of the FACS vector trans-
fected clones, an average productivity of 275 mg/L was obtained with the used FACS
method. The clonal distribution clearly demonstrates the superiority of the FACS-vector setup
with regards to selective cloning of high producers (see Table 7b).

30 Table 7a and 7b: Comparison of productivity of clones

Table 7a: 24-well-Batch - Clonal distribdtion

pBW478 pNT29

0 — 50 mg/L 196 163
51 - 100 mg/L 70 22
101 - 150 mg/L 8 11
151 — 200 mg/L 2 5
201 - 250 mg/L 0 13
251 — 300 mg/L 2 9
301 — 350 mg/L. 1 10




profile. To anal yze whet her such sel ective cloning results in higher nunber
of high producing cl ones when using the FACS-vector conpared to the

st andar d Weebwo22®liones are generated using both net hod®CRAR2@OO0L46 | vity
is analyzed in 24-well plate batch cultures. In a first round, cells are
directly FACS-cloned fromthe MIX sel eghed cell pools w thout any
pre-enrichnent step. Three pools per vector are chosen based on their
staining profile. Clones are generated fromthe top 5 % of the stained cell
pools and in total about 500 clones are analyzed. \While average

pr oduct i351t-y4@0 mgl/lones widh the refergnce vector was 39 ng/L, FACS-vector
cl ones| py, d“&ﬁffjmﬁﬂ qver age of 87 ny/lLg As shown in Table 7a, this is also
re f|e-tc g he—ctronat—dirstrputton_whichjconfirns that a nuch hi gher

pr opor e\ OQﬁnSﬂ- rnrllm(i)ng cllones i4 obtailned with the FACS-vector.

I nter e>t50ng4550 mgéL dut of0the aver 270 clonés anal yzed fromthe standard
vect or | tfANSERFMAN [Pad ap al most 2-fgl d higher productivity compared to
t he ot S, Tnrs exceptionmal ctone 15 designated LP. ldentifying such a

hi gh produc ing cell clone with the standard vector setup in conbination
with a Falls 7ecr Conesgrepgerssatdd by flow-aytragieie fremathe yopb¥sifitheethredostained cell t i s
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performed start f pool ed popul ations per vector after
first enri chrrenrﬂgsc‘{egmrw ime approxi mately 240 cl ones are scr eened in

24-wel | batch cultures. Again, clones obtained with the FACS-vector have a
mucld hi dabe 7avé4-mé-aatatdEACiS\/ClbvinnganIeUIwofsef erence standard vector. No
i mprovenment conpar eq %BV\'/AWB ing W bQepy pre-enrichment is achieved with

the re er&ng@ vet‘to ?&Z‘average cbgne productivity of 40 ng/L. The LP
cl one | ent-HH ed dhgat-hrrHr—edSe he FACS vector transfected
cl ones| &h-d@ermaglk | roduc1t7| vityl of 278 rm/L was obtained with the used FACS

met hod| 1iDhe- tdmmalL di striqguti on cl eargy denopnstrates the superiority of the
FACS—vac{ rj rMBLLWIth regards ffo selective cl oning of high producers (see

Tabl e by —Fabte~r=a gjﬁ_ddjéumoductivity of clones Table 7a:
24- wel | -394 250 mgflo, idtributi | O ones are generated by
fl ow cyt2sdred®ymbilom t he 0op 5% of thea three stained cell pools with the

hi ghest fprcesyagr 9f stayning jpositiye cellls after selection. For
productt ity bbe strent,—patcircutturegs Tm 24-wel | plates were done and at

day 10 s3u,,e‘r?\. were harvested and neasyred for 1gG content by
Pr ot ei q-%]—ﬂPL@O vsgﬂwr herelis the clon®l distjiribution of the productivity
range. | 45310804 mg/L 0 7

501 — 550 mg/L 0 7

551 — 600 mg/L- 0 -1

601- 650 mg/L 0 3

Table 7b: Clones obtained by FACS cloning from the top 5 % of stained combined pools
after one enrichment cycle were analyzed. No benefit the from pre-enrichment
was found for reference vector (pBWA478) transfected cells, while in case of

15 FACS vector (pNT29) transfected cells, pre-enrichment led to a significant reduc-
tion of non-producers and to an increase of the average productivity of clones.

20



cantly higher proportion of high producing clones is obtained when using
the FACS vector (pNT29). Table 7b: 24-well-Batch: FACS d onin Pool ed ool s
Tabl e 7b:WOI26HR2%bt ai ned by FACS cloning fromthe top BCUEFR09108G24ed
conbi ned pools after one enrichnment cycle were analyzed. No benefit the
frompre-enrichment was found for refeggnce vector (pBWM78) transfected
cells, while in case of FACS vector (pNT29) transfected cells,
pre-enrichment led to a significant reduc tion of non-producers and to an
i ncrease of the average productivity of clones.h) Characterisation of

cl ones hh€hafactdrizsatiodaficlatesf r om t he standard vector as well as 10 high
produci ng FACS-vector clones are expanded to shake flasks and tested in

generic fl agk batch d fed-batch nodel s tq_.eval uate thej
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pr odsict models@s eddlgataltiser manyfactanp@petehtalf or all clones and in the range of
3.5 - 4 g/L (see Table 8). No significant difference in growth parameters
are observed when conparing t FACS-vect or transfected cl ones w
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erive m

shake fre‘tz'i‘é % %ﬁ%ﬂ%%u‘%s' a 5%%%%4 l}g%?gs reg%rg yze Xégrgl:\} @t[ogﬁlﬁ% ﬁgg&LS% ng%hg
(baﬁ:h tdata petesdipws)- day 17 (fed batch cultures). Al analyzed cones produce
in a conparabl e range. Exanpl e 11: Large scal e production of pol ypeptides

W th t T 3p6/ees trydl prbdsivites! FRdIbatch Shar sk (8P ey i des in large scale

can be[done for exanple in wave, gl ass or staJ{Abe(s steel bioreactors. |For
t hat purpose the cells are—expanded,—usuaty Hg—froma——stngle—frozen
vial, for exanple a vial flroma NMisBEbatch | Bank The cebFded patchhawed |and
expanded througk |geveral sfteps. Bioreaqtors of diffferent scal® are
i nocul ated wt hjlpproprl atle anounts 06 9ceI ['s. The [cel I denS|3t7,/ can be
i ncr eaged—byaddingfeed—sptutions—antd _addi-tives—tio—thebioreactor—Cehl s
are kept_at a hL§1h viabi I ity for a pr J\rlonngeri tine ! Product r3591r~nnt ratians

4 1,0 3.8

5 1,0 3,8

6 1,0 3,9

7 1,2 3,3

8 1.0 3,8

9 0,9 3,6

10 1,0 3.7

11 - 0,9 3,3

Table 8:  The highest producing clone obtained with the standard vector (pBW478) and 10
20 clones derived from the FACS vector (pNT29) are analyzed in batch and fed
batch shake flask cultures. IgG content is analyzed by Protein-A HPLC at day 13
(batch cultures) or day 17 (fed batch cultures). All analyzed cones produce in a
comparable range.
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in the reactor ranging froma few hundred mlligrans per litre up to
several grans per litre are achieved in the |large scale. Purification can
be done hyosbmmdtaged chr omat ogr aphy mnet hodol ogy, whi ch caoTinredogaas2aé finity,
i on exchange, hydrophobic interaction or size exclusion chromatography
steps. The size of the bioreactor can g up to several thousand litres vol
une in the final scale (see also e.g. F. Wirm Nature Bi ot echnol ogy Vol

22, 11, 2004, 1393- 1398).CLAIM5S 1. A nethod for selecting at |east one
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(Cas- POh}ggyonprising a first polynucleotide (Pn- PO) encoding the

pol ypeptide of interest, at |east one stop codon downstream of the first
pol ynucl eoti de, and a second pol ynucl eoti de downstream of the stop codon
encodi ng an i munogl obul i n transnenbrane anchor or a functional variant

thereof; b) cultivating the eukaryotic host cells to allow expression of
the pol ypeptide of inter est such that at |east a portion of the

pol ypeptide of interest is expressed as a fu sion polypeptide conprising
t he i mmunogl obul i n transnenbrane anchor or a functional variant thereof,
wherein said fusion pol ypeptide is being displayed on the sur



face of said host cell; c) selecting at | east one eukaryotic host cel

based upon to the presence or anount of the fusion polypeptide displayed on
the cel | WORPHR2WY culturing the sel ected eukaryotic h&ST/ERENNO/0P@R4Eul t ur e
medi um under conditions that allow for expression of the pol ypeptide of
interest. 3. The method according to chgim1 or 2, wherein expression of
the cassette (Cas-PO) results in a transcript conprising at least a first
pol ynucl eoti de, wherein translation of said first polynucleotide results in
t he pol ypeptide of interest; at |east one stop codon downstream of said
first polynucleotide; - a second pol ghAM®&oti de downstream of said stop
codon, wherein translation of said second pol ynucleotide results in the

i mrunogl obul i n transnenbrane anchor or a functional variant thereof,
wherein at |least a portion of the transcript is translated into a fusion
pol ypepfi de Adngthpd fergpelanding girleasPrbevkanyaticieshestbexpressingch gesitad lgvel of
funa i onal varpoppeptidecsfanterdsy, comprisingt i onal read-through of the at |east
one stop codon. 4. The nethod according to at |east one of the clainms 1 to
3, wherein the i nogl ob n trans anchor sel ected fromthe
group consi s??‘?fﬁmél\#‘ p'Hrah '?H% g‘ggng ?°’H%’|‘91'%%I?'F§36‘?+?$%‘R nuctpEe agid

| gG and/ or | gD;onmgnsm atnrastogieotaskétte (G@a@@bm@nmmemamtmﬁst @dirplr Mymglew-

Cyt opl asmat i ¢ GHREENIPOR)endBding ik pallSptide Mof litarsTRIT NN 8@ REBPOEodSR HIWINS | ng

uence as
5, SJE(EQ D NO %E%W?f lrFlegE% p*o@n:qgeo@d a%ﬁ@qi%éggd tp%l Eeoot‘c}a Mnsﬁe?ﬁﬁ?thg
foregoi ng, whi AP £OABA CRREHBY ﬁ‘?g'”B’F“'? butir itGRsHE b%}?t?’@fé‘c’f&rt%@”gﬂ?rfaéce
of the eukaryotdrianhthsteofiel |. 5. The nmet hod according to one of the clainms 1
to 4, wherein step c) conprises contact ing the plurality of eukaryotic

host cell's wyi {4080 66 Lomos ?.gm%gggele't8%||g9§&§%3£.aﬁ'o?ﬂﬁgg&g&g,%g%? 9

sel ecting at “f éast

anokit of the $B$HED that dtleas aé’@Fﬂ?@lRfd € go Yﬂ%'dﬁ‘é%fhféiﬁre&&@(ﬁ"@f?ﬁe@ @Sa'?tful' east
one of the cl asiom pdlypeptiile oshrgarieing tbé opmanaiobulie adinkmeoniphareeandhbs or a func-

approxi matel y t&@?@arr’an?ﬁléfeo‘f‘lvﬁ%refﬁ slaﬂf/ﬁjsmﬁoﬁblyﬁe&m@% bémé drflayed %%tl@é shress
than 0, 5% of u5| ne . The nethod according to at | east one of
SoPTEReHRE . o

the clains 1t m)re selec tion cycles are perforned,
wherein in each selectlon cycle at | east one eukaryotic
20 c) selecting at least one eukaryotic host cell based upon the presence or amount of

the fusion polypeptide displayed on the cell surface.

2. A method for producing a polypeptide of interest with high yield, the method compris-

ing:
25
a) providing a plurality of eukaryotic host cells comprising a heterologous nucleic acid
comprising at least one cassette (Cas-POI) comprising a first polynucleotide (Pn-
POI) encoding the polypeptide of interest, at least one stop codon downstream of
the first polynucleotide, and a second polynucleotide downstream of the stop codon
30 encoding an immunoglobulin transmembrane anchor or a functional variant thereof;

b) cultivating the eukaryotic host cells to allow expression of the polypeptide of inter-
est such that at least a portion of the polypeptide of interest is expressed as a fu-
sion polypeptide comprising the immunoglobulin transmembrane anchor or a func-

35 tional variant thereof, wherein said fusion polypeptide is being displayed on the sur-
face of said host cell;

c) selecting at least one eukaryotic host cell based upon to the presence or amount of
the fusion polypeptide displayed on the cell surface;
40



host cell is selected based upon the presence or anount of the fusion

pol ypepti de di spl ayed on the cell surface. 8. The nethod according to at

| east onewof20tof2®ilains 1 to 7, wherein binding of the ®ETEP2IOOM62dO@NPOUN
to the surface of the eukaryotic host cell is detected by flow cy tonetry.
9. A vector nucleic acid suitable for_gxpressing at | east one pol ypepti de
of interest in a eukaryotic host cell, conprising a) at |east one cassette
(Cas-PA) conprising an insertion site for a first polynucleo tide (Pn-PQ)
encodi ng the pol ypeptide of interest and/or a first pol ynucl eotide encodi ng
a pol ypept i da) afituting €Heesdlectéd eakarl&tRShosd el Hi Etufed ARdiud® VNG coRdtiohs St d

insertion site IBWQP&X&?QWSﬂgﬁ})glpp%ﬂ%efcjffrﬁéregt(?l ynucl eotide, and c) a

second pol ynuc? eot de 'downstre e stop codon encodi ng an i mu
nogl obul i n transnmenbrane anchor or a functional variant thereof. 10. The
vect or Bucl eilTbe awthbdaaecordingitp cleint Nl air i, Whersimpxpression af the cassetten(CastPOhe

fol lpw ng chedsafé Brd Fhndepipt corhprisiig 0¢astucl eotide (Pn-PO) encoding the
pol ypeptide of interest in the cas sette (Cas-PO); an expression cassette

(MBM conprising a mamral i an sel ect abl e nmarker gene; and/or - an expression
cassette (MASM 2é&EhpPlvausigetidenwhatain HﬁnWiQ‘isa |figst rodinueleatferestitkBrthgene.
11. The vect or polype;jtide@cimbrasicordi ng to clai m 9 or 10. for expressing at

| east one inou Qﬂggéltb!ﬁla's'fbﬂ@o%ﬂdoﬁmgﬁeﬁgoﬂﬁa 'fi%'f'éblyﬁ@élé&i&%; t hter eof

co i sing an expressjon cassette - oari Si afirs .

ol Thuct oot | de- BRERIh O PEIRRLE e aimor Y Hob ST RRTSPE ofr
functional fraghiifisecenst riynucleotifle ragulty iethgtimpupealshuldiRnsMesaeg angher
first pol ynucl eot a tlenctical varizae tramebofpol ynucl eot i de downstream of the stop
codon encodi ng an i mrunogl obulin transnenbrane anchor or a functional

vari ant thereof;  andan . addifion xpression cassette (Exp-P 1).

Comprl i ng. avpBiTadPR Arrtn e TSR i Bar BRI A SRy AtV silion ogp- an
i ntnogl obul Prsing thecimraunnglebufin frensmaabranesaiebar ot adincyenal Mariant theteebly f or
produci ng a waeslationaliebditioroagh of the o fedistignd stoptodaast one of the clains 9

4. The method according to at least one of the claims 1 to 3, wherein the immunoglobu-
lin transmembrane anchor is selected from the group consisting of
20 ' ) .
a) atransmembrane anchor derived from IgA, IgE, IgM, IgG and/or IgD,

b) an immunoglobulin transmembrane anchor comprising a cytoplasmatic domain,

25 ¢) an immunoglobulin transmembrane anchor comprising a sequence as shown in
SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6
and/or SEQ ID NO: 7 and

d) functional variants of the foregoing, which allow anchoring of the fusion polypep-
30 tide to the surface of the eukaryotic host cell.

5. The method according to one of the claims 1 to 4, wherein step ¢) comprises contact-
ing the plurality of eukaryotic host cells with a detection compound binding the fusion
polypeptide and selecting at least one eukaryotic host cell based upon the presence

35 or amount of the bound detection compound.

6. The method according to at least one of the claims 1 to 5, wherein stop codon read-
through results in approximately < 50%, < 25%, $15%, < 10%, < 5%, < 2,5%, < 1,5%,
< 1% or less than < 0,5% of fusion polypeptide.

40



to 11, wherein the nethod conprises assenbling at | east one cassette
(Cas-PA) into a vector such that said cassette (Cas-PO) conprises a first
pol ynucl e80i2d®/2P%1 PO ) encodi ng the pol ypepti de of i nt@CE&P200a10042ést one
stop codon downstream of the first polynucl eotide, and a second
pol ynucl eoti de downstream of the stop_ggdon encoding an inmmnogl obulin
t ransnenbrane anchor or a functional variant thereof. 13. A eukaryotic host
cell having at |east one of the follow ng characteristics: a) it is
obtained by the nethod according to at |east one of the clains 1 to 8; b)
it conpvi sesThe erestsrt doeofdiaptorRDigast onpof hiertfaids 11t6 85 ivherelretwer arl mgrelselec-
pol ynucl eo tge ﬁf&??gP@geﬁorH@dYWh%F&Rtiﬁ %%cﬁfse|e@fi@r{ g?éle a@tleés%ﬁle AUk rey% ieP
codon dovvnstF\ee* e Sa Hg{;?eral ogowﬁ poﬁlag/nuc eot |1 de aF apgo % ﬁtlde
downst r eam ofOFHE" I% SHIECEINASER WPREi Y PIFS ST R AMUBL O ing usieg Riide
anchor or a fligpleyedomthecellisarface.her eof ; and/or c¢) it conprises a vector
nuclsei ¢ acid according to at | east one of the clains 9 to 11. 14. A nethod
for progucin ' f 4l rest y! Otd C |
ccor di gt o 1o pRANERRGAE, @ of B chB of WOBRFH f EUIRUR I BF B Sle
interest. 15%CtpR CREPAMRF {biheptwtasei Hdhe eHB?’}'B‘éCpP?ﬂé:eﬁf's idﬁfegFeé’sPy ﬁEWd‘rVdi ng
to one of thtomeateins 2 to 8 or 14, wherein at | east one of the follow ng
steps is perfornmed: - the polypeptide is obtained fromthe cell culture; -
th ol ypepti | eted. i ' ' I fym -
t e Euicryor AVeelsl RBEICACE s A SRt M bl GE e rifErelF R ¢
pol ypept i de; evkanyriicdiost ealls 8MPHtiNGeptide is isolated; - the expressed
pol ypeptide is purified; and/or - the expressed pol ypeptide is further
processed angj ot [BRétidnkbQdssette (Cas-POI) comprising an insertion site for a first polynucleo-

tide (Pn-POl) encoding the polypeptide of interest and/or a first polynucleotide

15 encoding a polypeptide of interest,

b) at least one stop codon downstream of said insertion site and/or downstream of
the first polynucleotide, and

20 c) a second polynucleotide downstream of the stop codon encoding an immu-
noglobulin transmembrane anchor or a functional variant thereof.

10. The vector nucleic acid according to claim 9, comprising at least one of the following

characteristics:
25
- a first polynucleotide (Pn-POI) encoding the polypeptide of interest in the cas-
 sette (Cas-POl); ;
- an expression cassette (MSM) comprising a mammalian selectable marker gene;
and/or
30 - an expression cassette (MASM) comprising a mammalian amplifiable, selectable
‘marker gene.
11. The vector nucleic acid according to claim 9 or 10 for expressing at least one immu-
noglobulin molecule or a functional variant thereof, comprising
35

- an expression cassette (Exp-POIl) comprising a first polynucleotide encoding the
heavy chain of an immunoglobulin molecule or a functional fragment thereof, at
least one stop codon downstream of the first polynucleotide, and a second
polynucleotide downstream of the stop codon encoding an immunoglobulin

40 ~ transmembrane anchor or a functional variant thereof; and
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12.

13.

14.

15.

- 46 -

- an additional expression cassette (Exp-POI') comprising a polynucleotide encod-
ing the corresponding light chain of an immunoglobulin molecule or a functional
fragment thereof.

A method for producing a vector nucleic acid according to at least one of the claims 9
to 11, wherein the method comprises assembling at least one cassette (Cas-POl) into
a vector such that said cassette (Cas-POl) comprises a first polynucleotide (Pn-POl)
encoding the polypeptide of interest, at least one stop codon downstream of the first
polynucleotide, and a second polynucleotide downstream of the stop codon encoding
an immunoglobulin transmembrane anchor or a functional variant thereof.

A eukaryotic host cell having at least one of the following characteristics:

a) it is obtained by the method according to at least one of the claims 1 to 8;

b) it comprises a cassette (Cas-POIl) comprising at least a heterologous polynucleo-
tide encoding a polynucleotide of interest, at least one stop codon downstream of said
heterologous polynucleotide and a polynucleotide downstream of the stop codon en-
coding an immunoglobulin transmembrane anchor or a functional variant thereof;
and/or

c) it comprises a vector nucleic acid according to at least one of the claims 9 to 11.

A method for producing a polypeptide of interest, wherein a eukaryotic host cell ac-

- cording to claim 13 is cultured for expressing the polypeptide of interest.

The method for producing a polypeptide of interest according to one of the claims 2 to
8 or 14, wherein at least one of the following steps is performed:

- the polypeptide is obtained from the cell culture;

- the polypeptide is secreted into and is obtained from the culture medium;

- the eukaryotic host cells are disrupted to obtain the expressed polypeptide;
- the expressed polypeptide is isolated,;

- the expressed polypeptide is purified; and/or

- the expressed polypeptide is further processed and/or modified.



